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ABSTRACT

This project involves on the analysis and simulation of three phases Z Source Inverter
(ZS1). The application of ZSI is widely used in industry such as photovoltaic, general
motor drive and fuel cell. The new power inverter have been introduced to overcome the
problem in conventional inverter which is has some limitation in term of boosting voltage.
Inverter consists of two types of conventional inverter known as Voltage Source Inverter
(VSI) and Current Source Inverter (CSI). However, both inverters are having some
limitations. The limitation of the inverter is cannot fully utilize the available DC link
voltage to enhance output voltage. The maximum output voltage at modulation index, 1.0
using Sinusoidal Pulse Width Modulation (SPWM) technique is limited at half of the DC
link voltage. Besides that, the output voltage of conventional inverter is lower or equal than
desired voltage. In other word, the voltage drop is higher compared with ZSI by using
conventional inverter. The main purpose of this project is to analyze the performance of
total harmonic distortion and maximum output voltage for various modulation indexes by
using MATLAB software. This project is more focuses on Simple Boost technique and the
sequence of this project begin with derive the equation. In order to control the output
voltage is greater than input, boost factor had been implemented by varying modulation
index. The simple boost switching circuit is designed to allow shoot through occur. The
modulation index of simple boost is depending on upper voltage (Vp) and lower voltage
(Vn). By comparing the modulation index, 0.8 between simple boost and SPWM, it shows
that improvement about 67.24 %. Even though the modulation index of simple boost is low
than SPWM, the capability of boosting output voltage by using simple boost is more
effective.
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ABSTRAK

Projek ini melibatkan analisis dan simulasi tiga fasa sumber penyongsang Z (ZSlI).
Penggunaan ZSI digunakan secara meluas dalam industri seperti photovoltaic, pemacu
motor umum dan sel bahan api. Penyongsang kuasa baru telah diperkenalkan untuk
mengatasi masalah dalam penyongsang konvensional yang mempunyai beberapa had dari
segi meningkatkan voltan. Penyongsang terdiri daripada dua jenis penyongsang
konvensional dikenali sebagai Penyongsang Sumber Voltan (VSI) dan Penyongsang
Sumber Arus (CSI). Walaubagaimanapun kedua-dua penyongsang mempunyai beberapa
batasan. Had penyongsang tidak boleh menggunakan sepenuhnya voltan arus terus sedia
ada untuk meningkatkan voltan keluaran. Voltan keluaran maksimum pada indeks
pemodulatan, 1.0 menggunakan teknik gelombang Sinusoidal Pemodulatan Lebar Denyut
(SPWM) adalah terhad di separuh daripada voltan arus terus. Di samping itu, voltan
keluaran penyongsang konvensional lebih rendah atau sama daripada voltan yang
dikehendaki. Dengan kata lain, kejatuhan voltan adalah lebih tinggi berbanding dengan
ZSI| dengan menggunakan penyongsang konvensional. Tujuan utama projek ini adalah
untuk menganalisis prestasi daripada jumlah herotan harmonik dan voltan keluaran
maksimum untuk pelbagai indeks pemodulatan dengan menggunakan perisian MATLAB.
Projek ini adalah lebih fokus kepada teknik peningkatan mudah dan urutan projek ini
bermula dengan menerbitkan persamaan. Dalam usaha untuk mengawal voltan keluaran
lebih besar daripada input, faktor peningkatan telah dihasilkan dengan mengubah indeks
pemodulatan. Litar pensuisan peningkatan mudah direka bentuk untuk membolehkan suis
dihidupkan secara serentak berlaku pada kaki yang sama. Pemodulatan indeks bagi
peningkatan mudah adalah bergantung kepada voltan atas (Vp) dan voltan yang rendah
(Vn). Dengan membandingkan indeks pemodulatan, 0.8 antara rangsangan mudah dan
SPWM, ia menunjukkan peningkatan kira-kira 67,24%. Walaupun indeks pemodulatan
daripada rangsangan mudah adalah  rendah daripada SPWM, keupayaan untuk
meningkatkan voltan keluaran dengan menggunakan teknikpeningkatan mudah adalah
lebih berkesan.
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CHAPTER 1

INTRODUCTION

1.1  Project Background

Inverter is the device to convert power supply from input dc in the form of current
or voltage to variable output ac voltage. There are two techniques to control the variable
output ac voltage. The technique are either varying the gain of the inverter or varying the
input dc power supply. In industry, the two types of inverter are familiar used for many
applications namely Voltage Source Inverter (VSI) and Current Source Inverter (CSI).

The input source connected in parallel with a large dc capacitor in main circuit of
VSI. The main function of dc capacitor is as the filtering element to block voltage ripple,
provide temporary storage and sole energy storage. Battery or diode rectifier can be the
input dc power supply of the circuit. Different with CSI circuit, the input source connected
in series with a large inductor. DC inductor is the filtering component to block current
ripple or sole energy storage and provide temporary storage. However, both of the
inverters have the problems. The problems are both of the inverter cannot be a buck boost
inverter, cannot be interchangeable and vulnerable to electromagnetic interface (EMI).

Hence, there are the solutions for this problem. A new type of power inverter
known as Z Source Inverter (ZSI) with the unique feature has been introduced. Three
phases ZSI has been proposed to overcome the problem in both traditional inverters. The
privilege about ZSI compared with the traditional inverter is it can be used in order to
implement AC to AC, DC to DC, DC to AC and AC to DC. Besides that, any values
between zero and infinity can be obtained from the output ac voltage without consider the
input dc voltage.
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To prove the ability of ZSI and make sure the aims of this project are achieved, the
simulation will be model by using MATLAB Simulink. This project is more focuses on
step up the voltage and analyzes the ZSI by using simple boost control techniques.

1.2 Project Motivation

In most of the industries, traditional Inverter is normally used in adjustable speed
drives application. However, the inverter has some limitations and problem. For example
in VSI, the upper and lower switch cannot be switched on at the same time. If the situation
occurs, it may cause the shoot through and damage in the inverter circuit. The problem of
the traditional inverter will be improved by using ZSI. Nowadays, the new power inverter
is widely used such as in utility, domestic and traction applications. The new inverter not
only used in adjustable speed drives application but can be used for other application. The
most popular application used on this inverter is for fuel cell, general motor drive and
photovoltaic applications.

1.3 Problem Statement

There are some problems of the traditional inverter which are both of the inverter
cannot be a buck boost inverter. It is because the traditional inverter only has one function
neither buck inverter nor boost inverter. The other problem is the main circuit of VSI and
CSI cannot be interchangeable. For the example, the main circuit of VSI cannot be used in
CSI circuit. Furthermore, the traditional inverter also exposed to Electromagnetic Interface
(EMI) noise.

1.4 Objective

1) To analyze the performance of total harmonic distortion and power factor by
using MATLAB.
2) To analyze output voltage for various modulation index.
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1.5  Project Scope

To prove the data from the theoretical, simulation from MATLAB is needed. After
that, the results can be compared with the calculation or theoretical values. In this project,
student should be able:

1. To analyze how the traditional inverter can be combined together.

2. To make sure either the power factor varies to be more efficient or not between
the traditional inverter and three phases of ZSl.

3. To identify the method of ZSI to control the shoot-through and switching
pattern.

4. To analyze the Total Harmonic Distortion (THD) either can reduce THD and

able to smooth the waveform of inverter.

5. To identify the limit range of the ZSI.

1.6  Report Outlines
The aim of this project is to analyze and simulate the three phases of ZSl.

Chapter 1 will represent about this project. This chapter include of the overview of project
background, project motivation, problem statement, objective and the project scope.

Chapter 2 will focuses on the theoretical of traditional inverter and three phase of ZSI. This
chapter also will discuss about the related previous work and make the comparison.

Chapter 3 will discusses about the methodology of the project. This chapter also will
explain about the mathematical derivation and the flow or step to analyze the system work

and circuit design.

Chapter 4 will explains and discusses all the results obtained and the analysis of the
project. This topic also includes the comparisons of expected results and simulation results

between traditional inverter and Z Source Inverter.

Chapter 5 will discusses about the conclusion and the recommendation of this project in
order to improve this project in the future.
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CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

This chapter will discuss about the theoretical, mathematical derivation and all the
information data related to the three phase ZSI. In order to solve the problem toward the
traditional inverters, the characteristic of traditional inverter will be compared with ZSI.
The theoretical will be the guidelines to complete and analyze the simulation of this
project.

2.2 Voltage Source Inverter (VSI)

2.2.1 Construction circuit

The three phase circuit consists of six self-commutated semiconductor switches
with the anti-parallel diode and a power transistor. The function of the diode and power
transistor is to provide unidirectional voltage blocking capability and bidirectional current
flow [1]. The inverter can be operated as a six step inverter or a Pulse Width Modulated
inverter (PWM) [2]. The construction circuit of VVSI is shown in figure 2.1.
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DC-Voltage | , 3-Phase
Inverter /or
Source /or Load Converter
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/or Source
4 =83]
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Figure 2.1: Construction circuit (VSI)

2.2.2 Inverter problem

Although the voltage inverter circuit has been widely used, it still has some
limitations [3]. The following are the problem of the inverter:

1. The circuit is only able to step down the voltage from DC to AC. In other
words, the output in form of alternative current (AC) is limited voltage and
cannot exceed the DC input voltage [4].

2. Each phase leg of the inverter (upper and lower devices) cannot be gated on
at the same time. This limitation requires the circuit to have dead time
where it will ensure that shoot-through does not occur and destroy the
devices. Unfortunately, dead time contributes to waveform distortion [4].

3. An output low pass filter is required which causes control complexity and
additional power loss to the inverter. If comparing the inverter with CSI, it
is required for providing a form of sinusoidal voltage [4].
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2.3

Current Source Inverter (CSI)

2.3.1 Construction circuit

The construction circuit of the three phase inverter is shown in figure 2.2.

The circuit consists of six self commutated semiconductor switches with the anti

parallel diode and a power transistor. The semiconductor switching devices would

provide bidirectional voltage blocking and unidirectional current [1].

2.3.2

DC-Voltage | 6 3-phase
Source /or Load| |nverter /or
| Converter

|

£ £ 4

D =

£ £ X ~TTTo AC Load

— -—— —  Jor Source
[*=-¥ * J‘i , etc.

AL

Figure 2.2: Construction circuit (CSI)

Inverter problem
The following are the theoretical and conceptual limitations of the inverter:

The inverter is a step down rectifier for AC to DC power conversion and
step up inverter for DC to AC power conversion. In other words, the DC
voltage produced is always less than input voltage in form of AC. An
additional DC to DC buck inverter is needed for applications where a wide
voltage range is desirable. It will cause lowers efficiency and system cost
increases [4].

The switch from upper and lower should at least maintained and have to be
gated on at anytime. If DC inductor is open circuit, it will destroy the
devices. The main concern of inverter is EMI noises can causes the open

circuit problem occur [4].
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Z Source Inverter

2.4.1 Construction circuit

Based on the configuration circuit in figure 2.3, ZSI is connected between
the inverter to DC supply and load. A two port network that consists of two
capacitor(C;,C,) and two inductor(L4,L,) connected in X shape [5]. DC supply or
load can be whether a current, voltage or load. DC power supply can be a battery,
capacitor, thyristor, an inductor and so on [1]. The inverter that uses switches can
be series combination and the anti-parallel combination. ZSI has a better
characteristic if compared with the traditional inverter [6].

D
NN
VI + 4 |
S1 ( S3 / Ss /
= Vdc Vi @———————> 3 phase load
. DC Supply

r—

Figure 2.3: Construction circuit (ZSI)

2.4.2 Switching technique of ZSI

ZSI circuit consists of eight switching states and six active vectors. Two
zero vectors in the load terminals are shorted either the lower or the upper three
switches and the voltage in form of DC is impressed across the load [7]. The
inverter also has nine permissible switching states and one additional zero state
when the load terminals are shorted whether through one phase leg, two phase leg
or three phase leg. ZSI makes the shoot-through zero possible and generates the
unique buck boost characteristic [8].
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