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ABSTRACT

Electric vehicle (EV) is leading to green future transportation. Instead of it helps to
reduce gas emission to the environment, EV technology cut the cost of petrol prices.
However, consumers are still suffering from the range anxiety and refuelling time. The
range anxiety is the limited driving range. This is due to the limited numbers of EV
charging stations available throughout Malaysia cause a big problem for consumers to
travel across city if they are running out of battery. The long charging time for a full
battery charge also is another factor. The standard charging time for a full battery is
about 12 to 30 minutes. Thus, wireless charging is an alternative recharging option.
Wireless charging is the contactless connection between grid and vehicle which can be
established in a few seconds. Static wireless charging allows recharging process to take
place once the vehicles is located at the above charging plate and must be in static.
Whilst, dynamic wireless charging is better for recharging process where recharging the
battery pack is done in motion. However, the biggest elements that must be tolerated
with the dynamic wireless charging system is the airgap and misalignment. Even though
many studies show the effectiveness of wireless pad design using ferrite core, they
rarely proposed an effective method to solve the problems by varying the geometric
shape of ferrite shape. Therefore, this thesis will propose a few combinations of ferrite
core shapes on wireless power transfer (WPT) system on EV. This works is divided into
three technical tests. The first and second tests will be on simulation analysis. The third
test is on experimental work. The design that improves the coil coupling is the main
contribution of this study. From the simulation and experiment analysis, ferrite pair that
have high magnetic flux density delivered more power transfer.
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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND OF THE STUDY

Electric vehicle (EV) is an automobile vehicle which operate completely on electricity
without emission of gases like conventional car. The working principle is very simple
in nature and plays a role in preventing environmental degradation. EV can be
associated with the use of electric motor for propulsion and powered by electricity either
by plug in, battery or solar panels. This vehicle is not a new concept but instead was
developed since mid-18th century. However, during the 20" century EV became
obsolete because of its limited driving range and high price as compared to gasoline
powered vehicle. It is expected that by 2050, the number of vehicles on the road is

expected to reach up to 2.5 billion (KUMAR, 2018).

With regards to the future transport significance, EV is considered as the likely
replacement for internal combustion engine driven vehicle. Electric vehicle can
possibly lessen carbon discharges by reducing the CO2 emission, air pollution and
reliance on imported fuel (Tian, Li, & Tian, n.d.). Due to this, the EV technology has
captured the world’s attention and many researches have realize the significant of EV

thus intense studies have been reported on this technology.



EV has rechargeable battery on-board as shown in Figure 1.1. The source of
power is not from the oil or gas emission anymore since EV is 100% electrical
transportation. Instead its source of power comes from the battery pack, this battery
pack is charge using the wireless power transfer method where the primary transmitter
coil acts as transmitter to transmit the power from primary to secondary. Whilst, the
vehicle picks up coil acts as the receiver or also known as secondary in order to charge
the battery pack. Referring to Figure 1.1, the fully charged battery pack acts as energy
source to drive the traction motor inside the vehicle. Same with the gas emission

transportations, battery pack of an electric vehicle need to be recharged first.

Battery

On-board
pickup
electronics

e Primary Inverter &
u{ v vy | T [ Transmitter Motor
Cormvaios T <
W v Coil Controller

Figure 1.1: Electric Vehicle System Model (Pathipati, Azeez, Williamson, Dohmeier
& Boting, 2016)



Battery recharging for EV can done in three different modes as stated by
(Ahmad, Alam, Member, & Chabaan, 2018). These three modes are further discussed

in Chapter 2:

1) static charging;

2) quasi-dynamic charging;

3) dynamic charging.

Contact less charging or wireless charging is a new technology for EV power
transfer. Charging is done using wireless power transmitter and receiver to supply
continuous power to the EV.

On 2009 before, EV only deals with Static Wireless Charging (SWC) in which
the vehicle needs to stay at charging area during recharging time. The problem or
limitation in this technology is that the vehicle can only be charged when the vehicle is
parked or in stationary modes such as in car parks, garages or at traffic lights (Panchal,
Stegen, & Lu, 2018). The major issues in public acceptance correlate to EV is attributed
to its high battery cost and limited driving range.

The Lithium-lon battery is widely used as the primary power source for the EV's
drivetrain due to its high specific energy (100-265 W/kg) and specific power density
(250-340 W/kg) compared to other battery technology. Despite its superior
characteristics, it still adds considerable weight and size to the vehicle. For example,
Nissan Leaf’s 24 kWh battery pack weighs around 200 kg. In addition to high weight
and size, the estimated price for EV are about double of a gasoline counterpart with
nearly half of the cost for the battery itself (Aditya & Williamson, 2019).

The limited driving range is an even greater obstacle to the market penetration

of EV than their higher cost. For example, gasoline vehicles can go over 500 km before



refueling which takes about 2-3 minutes at a filling station which are located every few

kilometers. On the other hand, most EV can only go about 100-200 km before it requires

another round of recharging about 30 minutes or more than 12 hours (“How long it takes

to fully charge an electric car,” 2016). Besides this, charging stations are not as readily

available as fuel stations. These limitations of static charging EV has open up the

researcher door to new dynamic charging method.

One of the studies (Aditya, Sood, Fellow, Williamson, & Member, 2017) found

that the limitations of EV can be overcome by introducing the new dynamic charging

technology for EV which provides the following advantages over conventional wired

charging:

a.

Safety and convenience

Wireless charging provides galvanic isolation between load and source.
Therefore, it eliminates the disadvantages of plug-in charging
technology such as: risk of electrocution, especially in wet and hostile
environment from aging wiring and bad connections; failure to plug in;
trip hazard from a long connecting wire; poor visual appeal due to
hanging cords; contactor wear caused by excessive use and thermal
cycling.

Battery volume reduction

Due to the scope of opportunity charging, charging can take place more
frequently. Therefore, EV can travel the same distance with a reduced
number of battery pack. Hence, it can lower the price of EV and make

the EV more efficient due to the reduced weight.



C. Weather Proof
In a wireless charger, power transfer takes place due to an
electromagnetic link, therefore charging is not affected by the weather.
Besides, a transmitter is embedded underground, therefore, is safe from
extreme weather condition and requires less frequent maintenance or
replacement than a plug-in charger would require.

The application of wireless dynamic charging in Malaysia is still a new concept
but now a mobile phone can be charged wirelessly in static mode. From the google
research (NST Business, 2018) mentioned that in early 2021, sales of electric vehicles
in Malaysia are expected to breach three million units globally from 700,000 units in

2016.

1.1.1 History of Wireless Power Transfer
In 1826, Andrie-Marie conducted an experiment to see the relationship between electric
current and magnetic field. In 1831, Faraday’s Law explained that the electromagnetic
force could be induced by varying magnetic flux (Shadid, Noghanian, & Nejadpak,
2016). In 1865, Maxwell’s theory of electromagnetism was published. It mentioned that
electromagnetic waves speed is the same as speed of light. In 1886, Heinrich Hertz
demonstrated a successful experiment on wireless energy transfer he also created an
apparatus that can detect microwaves in the UHF region (“The History of Wireless
Power Transmission,” 2014).

In 1899 based on work done by Hertz, Nicola Tesla has managed to improve the
experiment on wireless power transfer. He demonstrated it by powering fluorescent

lamps 25 miles away from the power source without using wires. However, his hard



work didn’t attract enough attention due to the expensive cost of building the wireless
power transmitter and receiver (Shadid et al., 2016). William C.Brown in 1964
contributes to the modern development of microwave power transmission. He invented
a powering helicopter on microwave transmission using a rectenna which directly
converts microwaves to DC current (Shadid et al., 2016). Recently, wireless power
transfer has managed to attract many researches due to the scope of the technology has
been extended to many different areas. A Table 1.1 below summarize the advantages

and disadvantages of the wireless power transfer technology (WPT).

Table 1.1: The Advantages and Disadvantage of WPT

Advantages Disadvantages

1) No cables, hence all the cable related| 1) When inductive power transfer is
electric hazards are mitigated. used, magnetic shielding is required
2) Using wireless power transfer, more to avoid magnetic radiation and its
than one device can be charged in the hazardous effects.
secondary. 2) Expensive compared to the
3) No worries about the charging conductive charging.
interruption and theft as there is no| 3) Distance of separation or airgap is a
plugging of cables involved. big concern, it is not efficient or
4) Can be used even in the harsh feasible for very large airgaps.

environmental conditions. 4) Cannot be used for fast charging as
the magnetic radiation in inductive
power transfer and voltage between
the power

5) Low maintenance due to no connectors
or cables.




