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ABSTRACT

Nowadays, the demand for electric vehicle (EV) production increases because
this type of transportation provides an alternative to the conventional vehicle that
uses power by fossil fuels and reducing the dependence on use of gasoline.
Moreover, EV also is introduced in car sharing and mobility concept to overcome
traffic congestion problem in the urban area. In order to familiarize with the process
of the EV charger, an on-board EV charger is designed with introduction of some
controllers for controlling charging process. The topology consist of two stages of
conversion, which the first part for AC/DC conversion and power factor correction
(PFC) while the second part for DC/DC conversion and galvanic isolation. In order
to control the first part, a small signal model for PFC boost is introduced to control
the output voltage and input current. This PFC boost controller is designed using Pl
control and designed to control two loops. The loops are voltage control loop (known
as outer loop) and current control loop (known as inner loop). For the second stage,
the constant current charging method is introduced to control the charging process of
an on-board EV charger within its specification limit. The simulation is done with
the help of MATLAB software and the result from Simulink will demonstrate the
effectiveness of the design and its implementation. Furthermore, the proposed design
of the EV charger reduces the percentage of THD and produce unity power factor
that contributes in the stability for the EV charger.



ABSTRAK

Pada masa Kkini, permintaan bagi pengeluaran kenderaan elektrik (EV)
meningkat kerana pengangkutan jenis ini menyediakan alternatif kepada kenderaan
konvensional yang menggunakan bahan api fosil dan mengurangkan kebergantungan
kepada pengunaan petrol. Tambahan lagi, EV juga diperkenalkan dalam konsep
mobiliti dan perkongsian kereta bagi menyelesaikan masalah kesesakan lalu lintas di
kawasan bandar. Bagi menyesuaikan dengan proses pengecasan EV, pengecasan
EV bawaan direkabentuk dengan memperkenalkan beberapa pengawal bagi
mengawal proses pengecasan. Topologi ini terdiri daripada dua peringkat penukaran,
yang mana bahagian pertama adalah penukaran AC/DC dan pembetulan faktor kuasa
(PFC) manakala bahagian kedua adalah penukaran DC/DC dan pengasingan galvani.
Bagi mengawal bahagian pertama, satu model isyarat kecil untuk peningkatan PFC
diperkenalkan bagi mengawal voltan output dan arus input. Pengawal peningkatan
PFC ini direka bentuk menggunakan pengawal PI dan direka bentuk bagi mengawal
dua gelung. Gelung-gelung ini adalah gelung kawalan voltan (dikenali sebagai
gelung luaran) dan gelung kawalan arus (dikenali sebagai gelung dalaman). Bagi
peringkat kedua, arus tetap diperkenalkan untuk mengawal proses pengecasan EV
bawaan dalam had spesifikasi yang dibenarkan. Simulasi ini dibuat dengan bantuan
perisian  MATLAB dan hasil keputusan dari Simulink akan menunjukkan
keberkesanan rekabentuk dan pelaksanaannya. Sebagai tambahan, rekabentuk
pengecasan EV yang dicadangkan mengurangkan peratusan THD dan menghasilkan
faktor kuasa satu lalu menyumbang kepada kestabilan pengecasan EV terbabit.
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CHAPTER 1

INTRODUCTION

1.1  Background

The conventional transportation that used fossil fuel as internal combustion
engine (ICE) was a major contributor to air pollution issues where it’s produced
around 40% of Green House Gas (GHG) emission [1]. In order to reduce the air
pollution percentage and decreased the oil dependence, here comes research in
electric vehicle, where this type of transportation provides an alternative to vehicle
power by fossil fuels and decrease the dependence on gasoline. Electric vehicle,
usually are referred to usage of batteries to power up either its motor, auxiliary
devices or both conditions.

The types of vehicles using electric vehicle technology were divided into
three main categories: hybrid electric vehicles (HEVs), plug-in hybrid electric
vehicles (PHEVs) and all electric vehicles (EVs) [2,3]. The HEVs used both
gasoline engine and an electric motor to power up the vehicles. Through gasoline

engine, the ICE drives an electric generator that produces power for charging the



batteries and driving the electric motor. The plug-in electric vehicles were an
essential of HEV where it's also provided with a gasoline engine and electric motor.

However the PHEVs have optional to recharge its energy storage system with
electricity from the grid. The all electric vehicles were relying mainly on external
charge from the utility power grid and did not have an ICE to supply additional
power [4]. This all EVs produced zero GHG emission (eco-friendly) and also provide

a cleaner environment to the world atmosphere.

Since the EVs were the new invention in the transportation sector, of course,
there are some challenge to face through, such as battery cost, interoperability of the
charging station, charging strategies and the impact to the grid [5]. These problems
need to encounter by a researcher and manufacturer in order to worldwide these kind

of new invention for the transportation sector.

1.2 Problem Statement

As there are relatively few electric vehicle chargers in use today, the issues
and application of this equipment has yet to discover. The successful development of
EVs over the next decade is linked to the introduction of international standards and
codes, a universal infrastructure, and associated peripherals and user friendly
software for public and private property. The identification of standards for each type
of designing EV and the EV charging stations are differes and had been controlled by
industry standards. This standard had been classed by their operational
characteristics. In order to select the best choice for a given application, the various
aspects of electric vehicle charging systems, including its requirement and standard
need to understand and deeply clarify to prevent from mischosen condition.



Another critical condition to take into account in development of EVs is the
battery charger since the charging time and battery life are linked to the
characteristics of the battery charger. A battery charger must be efficient and reliable,
with high power density, low cost, and low volume and weight. Its operation depends
on components, control, and switching strategies. Charger control algorithms are
implemented through analog controllers, microcontrollers, digital signal processors,
and specific integrated circuits depending upon the rating, cost, and types of
converters. An EV charger must ensure that the utility current is drawn with low
distortion to minimize power quality impact and at high power factor to maximize

the real power available from a utility outlet [6].

1.3 Objectives of Project

The aim of this research is to design of EV charger based on Malaysia power
supply and user profile. This design must follow EVs charging system standard. In

order to realize the aim, several objectives are planned to be pursued and executed:

a) To study about the EV charger standards which include plugs, socket outlets,
vehicle connectors and vehicle inlets

b) To design the charging requirements based on Malaysia power supply and
user profile

c) To simulate the designed of EV charger using constant current charging

method



1.4 Scope of Study

In order to achieve the objectives of this project, further studies and research
had been done to clarify each type of an EV charging station and its standard (IEC
61851-1/SAE J7172). This understanding of codes and standards for various aspects
of electric vehicle charging was the important step in order to select the right

EVcharger for a specific type of EV.

The classification of EV battery charger also needs to consider and this EV
battery charger can be categorized either on-board or off-board charger with
unidirectional or bi-directional power flow. The on-board charger refers to level 1
and level 2 charging system. Meanwhile the off-board charger refers to a level 3
charging system with can be designed for high charging rates and less constrained by
size and weight. The on-board charger can be either conductive or inductive mode
of charging while off-board charger only conduct in conductive mode. The
conductive charging mode uses direct contact between the connector and the charger

inlet while an inductive charger transfers power magnetically [7].

The study of design topologies for a standard EV charger also is covered.
This design topology includes the usage level of supply connection, type of
converters and type of battery for an EV charger. Moreover, the process for charging
an EV car also is an important aspect to review in order to get efficient charging for
an EV car. This process of charging is divided into two parts of converters with their
controller. Part one is to convert from AC supply to DC supply regarding to the
source is taken from the grid which is in AC supply. This converter is presented by
fullwave rectifier and boost converter. In order to maintain the stability of the grid
supply, a controller is designed and apply to the part one design converter. The
higher frequency applies from the converter in part one will influence the process of
an EV charger regarding to the frequency of battery charger must be equal to the line
frequency which is 50 Hz. Therefore, to overcome this problem, part two of design

an EV charger which is DC to DC converter is introduced. At this part, the DC input



with high frequency is converted to DC output with output frequency of 50 Hz.
Then, in order to ensure the design EV charger performs the charging process, the
charging method is applied to the design circuit and the performance of the charging

is investigated,

Another consideration that must be included in EVs development are
discharge and state of charge (SOC) processed [8]. However, these processes do not
cover in the circuit simulation of this thesis, but this process is an important step for
further development in an EV charger. The battery pack cut-off point is normally
determined by a predefined total pack voltage. This pack voltage is with respect to a
particular current. As the battery pack undergoes discharge, the coolest cells with
less available capacity are discharged further to a lower state of charge than their
hotter counterparts. During the discharge, the capacity of the coolest batteries may be
reduced enough to force them into a reversal of polarity (i.e., the batteries are reverse
charged while the other batteries in the pack are discharged normally). Gradually
these repeated over-discharges reduce the battery life. Equalization charges applied
to the battery pack balance the batteries. However, the variations in temperature

bring back the same discharge and charge limitations as before the equalization.

1.5  Methodology

In methodology process, there are two parts involved to accomplish this
project which are theoretical part and simulation part . The first part covers the
literature review about electric vehicle, including the charging system, power storage
and power distribution need to study and gain more information in order to

understand the process of the EV charging system.



For the second part, the topologies of EV charger has been study and later on
the parameters of EV charger are determined. After that, the simulation of EV
topology for level 2 on-board EV charger had been performed by using
Matlab/Simulink Software. This simulation had been performed after some
consideration such as circuit identification and parameters involved for EV charging

station are clarified.

Hence, the controllers for EV charger are designed to ensure the stability of
supply grid and also to maintain constant charge for EV battery. Then the simulation
results had been analyzed to ensure that the design of EV charger had followed the
specification and standard for the selected type of EV car. The work flow for all

steps in this project had been concluded as referred to the Figure 1.1 below.

Literature Review

Y

Parameters of EV
Charger Determination

Design Circuit for EV
Charger by using
MATLAB/Simulik

Y

Design controllers for
EV charger

'

Analyze result of
simulation

Figure 1.1: The project work flow




1.6 Outline of Thesis

This thesis is divided into five chapters and further explanation of each

chapter is outlined for easier review.

* Chapter 1 describes about an introduction. In this chapter, an overview of this
project has been discussed which includes background, problem statements,

objectives, scopes of work and methodology.

* Chapter 2 explains about the literature review. It presents the EV charging
levels and infrastructure, the standard of an EV charger according to the world

standard, the topologies of charging system and battery charging strategies.

* Chapter 3 discusses on the chosen topologies for an EV charger of level 2

charging process.

» Chapter 4 explains about results and discussion. In this chapter, the
simulation results about the EV charger topologies has been analyzed and

discussed.

» Chapter 5 describes the conclusion of the project. The recommendation for

future works also suggested in this chapter.
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