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ABSTRACT

In the recent years, Wireless Power Transfer (WPT) system is one of a groundbreaking
technology that makes everyday life easier. This system allows power transfers from one
plate of metal conductor to another without any physical touch. The WPT system is
divided into their own category of fields and these category classified into acoustic power
transfer (APT), microwave power transfer (MPT), inductive power transfer (IPT), and
capacitive power transfer (CPT) and in this particular project the CPT system is chosen for
its advantages compared to other system. Moreover, this technology will solve the problem
with conventional electrical transmission. The objective of this project is to develop a
capacitive type (CPT) mobile phone charger. The CPT system used a SMPS as a supply to
the transmitter plate to convert AC supply into DC supply to transfer the electric field to
the receiver plate. While, the receiver part will charge the mobile phone. The observation
will be made by using a different size of transmitter and receiver plates, the type of
material used and the position of the plates to compared the efficiency of the project. As
the conclusion, this project is very user-friendly and the goal is to improve the

conventional charging system into a wireless system.



ABSTRAK

Dalam beberapa tahun kebelakangan ini sistem Wireless Power Transfer (WPT) adalah
salah satu teknologi yang dapat menjadikan kehidupan seharian lebih mudah. Sistem ini
membolehkan pemindahan kuasa dari satu plate konduktor ke konduktor yang lain tanpa
memerlukan sentuhan secara fizikal. Sistem WPT ini dibahagikan mengikut kategori
bidang mereka dan kategori ini dekelaskan kepada acoustic power transfer (APT),
microwave power transfer (MPT), inductive power transfer (IPT), and capacitive power
transfer (CPT), dan projek ini telah mengkhususkan kepada sistem CPT oleh kerana
kelebihan yang ada pada sistem itu berbanding dengan sistem WPT yang lain. Selain itu,
teknologi ini diusulkan adalah untuk meyelesaikan masalah yang ada pada sistem electrik
konvensional. Objective projek ini adalah untuk menghasilkan system Capacitive power
transfer (CPT) untuk mengecas telefon bimbit. System CPT ini menggunakan SMPS
sebagai bekalan untuk menukarkan sumber elektrik dari AC kepada DC untuk memberikan
bekalan electric daripada plat pemancar kepada plat penerima. Seterusnya, bahagian plat
penerima akan mengalirkan elektrik untuk mengecas telefon bimbit. Pemerhatian akan
dibuat dengan menggunakan plat yang berukuran berlaian, menggunakan bahan logam
yang berlainan dan posisi yang berbeza untuk membezakan kecekapan mereka. Sebagai
konklusi, projek ini adalah mesra pengguna dan bertujuan untuk meningkatkan sistem

pengecasan konvensional menjadi sistem tanpa wayar.
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CHAPTER 1

INTRODUCTION

1.1 Background

The main components of power system are power generation, transmission,
distribution and load. Electrical power transmission includes a bulk movement of electrical
energy from power station for the power generation. From there it will go into a large
substation for transmission. In transmission, the voltage will be transformed into a higher
voltage 500kV, 275kV, 132kV, and 66kV. After that, for distribution the electrical power
will be transformed into a lower voltage that is 33kV or 11kV to be distributed to small
industries or factories. For the consumers load, the voltage will be further stepped down to
415V and 230V depending on their sector such as commercial or for residential use as
shown in Figure 1.1. Types of conventional power transfer used to transmit electrical
power are overhead lines, underground lines, submarine cables, HVAC and HVDC. But
one of the major problems in conventional power transmission and distribution is that they
have a significant loss during the operation. Furthermore, the downside of using the
conventional system is that they used a huge amount of cables that sometimes interrupting
the view and for underground line they have to dig into the ground so it will be harder to

repair or to install the lines which makes it more expensive.
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Figure 1.1 Power system components in Malaysia.

Which is why based on the problems stated above, wireless power transfer (WPT)
Is chosen as an alternative option to replace the conventional power transfer (Rozario,
2016). Wireless power transfer offers multiple benefits such as, WPT allows for charging
of multiple devices and also they have universal compatibility (Lu et al., 2017). In

addition, they reduce the use of wires. There is a various type of WPT technology shown in

Figure 1.2 :
Acoustic Field Acoustic (Sonic/Ultrasonic)
Power Transfer Power Transfer Optical (Laser)
/ Power Transfer
Wireless Radiative (Far Field)
Power Power Transfer ] Microwave (Radio)
Transfer Power Transfer
Magnetic Field
Power Transfer [\ Non-radiative (Near Field) | | Inductive Power
Electromagnetic Field Power Transfer Transfer
Power Transfer
Electric Field || Capacitive
Power Transfer Power Transfer

Figure 1.2 The categories of wireless power transfer system (Lu et al, 2017).



1.2 Problem Statement

Nowadays, everyone in the household use their own electronics devices and this
will lead to an increase number of wires connected to the wall socket. This condition may
be hazardous if the long wires got tangled up with each other and tripped someone in the
household especially kids. The cables also can be damage because of rodent bites and
manhandling (Rozario, 2016). For this reason, a solution must be made to reduce the usage
of wires connecting to the power source.

Moreover, as of today, only a flagship smartphone uses the wireless power transfer
technology. These smartphones often costs the most as it is the latest and more grandeur
than the last smartphone that the brand releases so the price is usually very expensive.

With the development of capacitive phone charger we can also help to conserve
earth from electronic pollution. Since, it is hard to dispose electronic waste (E-waste) and
human health is at risks if it is done improperly.

These days having a phone is just like breathing where it is essential for everyone.
Therefore, in this work, a capacitive wireless power transfer is used to charge the phone
without using any electrical wire and in hope that this project may produce a capacitive

power transfer charger that is cheaper than the wireless charger available in the market.

1.3 Project Objective

The main objectives that need to accomplish at the end of this project are:

a) To develop a capacitive wireless power transfer to power the load.

b)  To transfer the electricity by using two plates of conductor.

c) To analyse the effectiveness of the system when using capacitive power

transfer.



1.4 Scope of Project

The scope of this project are as follows:

a) Design a capacitive type mobile phone charger of wireless power transfer

b) Generate DC output

c) Produce the hardware so that electrical energy can be transmitted through

and is connected to the plates to charge the load.

1.5 Thesis Organization

The outline of this thesis will explain all about the development of capacitive type
phone charger project. This thesis have a total of five chapters, which consists of the
project introduction, literature review, methodology, result and discussion and lastly the
conclusion and future recommendation of the project. Firstly, chapter one will be about the
introduction of the conventional system that is used today for transfer system. It also
includes the problem statement, objectives and the scope of the project.

Then, in chapter two a more detailed research is conducted in order to write the
literature review and background studies.

In chapter three, research methodology shows the method used to develop the
project.

Next, for chapter four, the result of the experiments are presented and discussed in
order to form an analysis.

Lastly, chapter five is the conclusion of the overall project. It will summarises the
main points from chapter one until chapter four of the thesis. After that, a future

recommendation is proposed for the betterment of the project for a future research.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

Literature review is fundamentally an overview of the project and the objectives. It
is also a comparison of the differences and the similarities of the perspectives of the work
of multiple authors. The study is generally comes from books, dissertations, scholarly
articles and other published material whether physically or electronically. The review
produces a summary, advantages and limitation of the area of research and its application.

The information gathered is to provide a deeper understanding for the project.

2.2 Wireless Power Transfer (\WPT)

Wireless Power Transfer (WPT) is a system that allows electrical power to be
supplied through air from one electrical network to another electrical network without the
necessity of using the current-carrying wires (Lu et al., 2017). This process use the
Faraday’s law of electromagnetic induction. In order for the wireless power transfer to
work the frequency of the transmitter and the receiver must be in resonance. Figure 2.1
depicts a transmitter coil powered by an electric source produces a magnetic field around it
and then a second in which connected to the receiver is introduced in the same field with

the same resonant frequency for the electric current to flow.
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Figure 2.1 A common structure of Wireless Power Transfer (WPT) system (Lu et al.,

2017).

Table 2.1 Comparison of the main Wireless Power Transfer (WPT) technologies

Electric
Magnetic Field Electromagnetic Field
Field
Inductive Resonant Optical
Capacitive
Technology Power Inductive | Microwaves (laser)
Coupling
Transfer Coupling Radiation
Range Short Short Mid Far Far
Frequency kHz-MHz kHz-MHz kHz-MHz GHz >THz
Non- Non- Non-
Propagation Radiative Radiative
radiative radiative radiative
Strength Very high Very high High Low High
Coupling Metal plate Turned wire Phased Lasers
Wire coils ’
Device electrodes coils arrays/ photocells,




parabolic lenses

dishes

Recently, WPT technology has been widely spread and garnered more attention
due to its safety reasons, the cost, the high output power and more commercially
successful. There are two main types of WPT that is capacitive power transfer (CPT) and
inductive power transfer (IPT). Therefore, this project will only be focusing on capacitive

power transfer (CPT).

2.2.1 A Brief History of Capacitive Power Transfer

In 18th century, for the near field applications, Nikola Tesla was the first person
who started to experiment with it using capacitive power transfer (CPT). Figure 2.2 shows
how Tesla attempted to transfer the electricity wirelessly by using capacitive power
transfer coupling at Columbia College, New York. Tesla was aiming to transfer
approximately 300kW of power by using a radio wave of 150 kHz but regrettably the

experiment failed due to diffusion of the wireless power (Karabulut et al., 2018).




Figure 2.2 Nikola Tesla at Columbia College in 1891, demonstrating wireless transmission

(Karabulut et al, 2018).

However, at the time electromagnetic induction (IPT) was more commercially
used in wireless power transfer system. In the early 1900’s, Tesla plays a pivotal part in
developing several IPT methods such as radio based WPT. Nevertheless, in 1966, the first
officially recorded CPT application potent was observed. In the study, 100 kHz of
frequency was used on the transmitter and the receiver to transfer the electric as a design
for underwater systems (Karabulut et al., 2018). Then, until the beginning of 2000’s,
because of the simple structure and confined radiation field finally the capacitive coupling
started to garnered more attention in small consumer electronics (Lu, 2017). But at the time

CPT system potential for higher power application have not been realize (Dai, 2017).



Capacitive Power Transfer (CPT)

2.2.2  Capacitor

Capacitor is a passive device that has the capability to store electrical charge when
the capacitor is connected to a voltage source. A capacitor consists of two conductors that
arranged in a close together but insulated from each other (Electronics tutorial, 2021).
There are a variety of capacitor sells in the market, ranging from small size capacitor for
low application to a large power factor capacitor and yet the function for the capacitor
remains the same. That is to store electrical charge. Common type of capacitor includes
electrolytic capacitor, tantalum capacitor, sliver mica capacitor, film capacitor and variable
capacitor (Braza, 2021). In figure 2.3 shows a different types of capacitor and figure 2.4

shows the symbols of capacitor according to their types.

| |

)

N

J
~N

I ™A

Fixed capacitor Polarized capacitor Variable capacitor

Figure 2.4 Symbols of capacitors (Wikipedia, 2011)



The fundamental form of a capacitor comprises at least two conductive (metal)
plates placed in parallel but not touching with each other. They are separated either via air
or by insulating material such as ceramic, plastic, mica, waxed paper or in a form of a

liquid gel that widely known as Dielectric (Britannica, 2021).

Table 2.2 Lists of dielectric constant of a several materials (at room temperature)

Material Dielectric constant
Vacuum 1.00
Air 1.00
Oil 2.20
Polyethylene 2.26
Beeswax 2.80
Fused quartz 3.78
Water 80.00
Calcium titanate 168.00
Barium titanate 1,250.00
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2.2.3  Capacitance

Investigation of load profiles of residential, commercial and industrial load
segments to determine load factor (LF) and loss factor (LsF) were considered in the
analytical models

Capacitance is stated as the ratio of the electric charge on (metal) plate of two or
more conductor to the voltage between them. Named by Michael Faraday (1791-1867) a
British physicist and chemist, the unit for the size of capacitor called Farad (abbreviated to
F) and each one farad carried 1 coulomb of charge on every conductor plate (Electronics
tutorial, 2021). An ideal capacitor represented by constant capacitance, C in farads, the
positive and negative charge, Q and the voltage, V.

Capacitance C, amount of charge store per volt equation

C=5 (2.1)

Capacitance C, of a parallel plate capacitor equation
A
C =¢,— 2.2
2% (2.2)

Where ;
C = capacitance in farad, F
Q = charge
V = voltage, V
g, = permittivity of dielectric material, (8.84 x 10712 ), F/m
A = area of conductive plate, m?

d = distance, m

11



2.2.4  Capacitive Power Transfer (CPT)

Capacitive power transfer is one of the implementation of WPT system. In order to
create a wireless and environment friendly world, many researcher and developer has
realise the benefits of wireless power transmission has to offer. Especially the advantages
of capacitive power transfer system that lie in its low cost, save and easy to find material.
Over the years, a lot of researched have been done on CPT system and based on recent
studies CPT system is applicable for a short range distance and in low power applications
such as mobile phone charger, biomedical devices and integrated circuits (IC) (Lu et al.,
2017). Nevertheless, the CPT system can also be use in high power applications such as
electric vehicles, railway and synchronous machine excitation (Liang et al., 2021)(Hyun
Yi, 2020).

The structure of the capacitive power transfer (CPT) is basically comes from the
principle operation of a capacitor which is, dielectric material is in between two parallel
metal foils that is very thin in size to act as insulator to separate the foils . The term “di” in
the word dielectric literally mean in between two things and electric definition it detain the
electric field. Capacitive power transfer uses plate coupled through electricity. Capacitive
coupling allows the transfer of electric fields through a conductive coupling plates (Lu et

al., 2017).

Compensation
Network Rectifier

Compensation

Tnverter Network Capacitive Coupler

-
-
-

dc - ac
- |
o DCI + Electric Fields —l— Load
fu upp \ -
<
<
.‘_-

ac de

Primary Side €—— ——>» Secondary Side

Figure 2.5 Structure of capacitive power transfer system (Lu et al, 2017).
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The operation of capacitive power transfer is that the plates must be connected in
series the electric field coupler will functions. A high frequency voltage is required to drive
the primary plates to act as a transmitter. Then, whenever the secondary plates come closer
to the primary plate, alternating current (AC) will be generated between the plates and this
will result in displacement current to flow through it. Therefore, there will be a power
transfer to the load without any physical contact between the two primary and secondary

plates as Figure 2.5 illustrates (Lu et al., 2017).

13



2.2.5 Advantages and Disadvantages of Capacitive Power Transfer (CPT)

Investigation of load profiles of residential, commercial and industrial load
segments to determine load factor (LF) and loss factor (LsF) were considered in the
analytical models.

Although it was inductive wireless power transfer (IPT) was the first WPT to be
introduced but it is capacitive wireless power transfer (CPT) that is widely operated in the
industry. This is because of the advantages that CPT has compared to IPT system.

I. Negligible eddy-current loss

In CPT system, the electric fields are used as the energy transfer in order to
transfer electrical power from the transmitter into the receiver. So there will be no concern
for the eddy-current loss unlike IPT system. Consequently, it may be used in places that
have inevitable metal materials. To operate an IPT system, the energy transfer that is used
is a high-frequency magnetic field through the coils of wire. Thus the magnetic fields
produce eddy-current losses in the metal causing a notable rise of temperature in the
application of high and low power system. Also, if the field produces a particularly large
amount of heat, there could be a fire hazard (Lu et al., 2017).

Il. Low cost and weight

When compared to IPT system, the CPT system is proven to be in a much lower
cost and also in weight. This is because in IPT system, they contain two coils that work as
a coupled transformer. To transfer enough power, the amount of the current is increased
since the coupling coefficient in IPT system is very little. Moreover, when taking a
consideration of the depth of the conductor functioning in a high frequency, a fairly large
amount of Litz-wire is required. In addition to using ferrite iron’s magnetic plates to
magnify the magnetic coupling of both sides. Therefore, increases the cost and the weight

of the system (Dai, 2017).

14



On the contrary to IPT system, in CPT system the material used for the plates can
be aluminium sheet on whatever the thickness and materials because it will not
significantly influence the system. Furthermore, the price of aluminium is a lot cheaper
when compared to the Litz-wire that is made by copper and thus, the cost and weight is
reduce (Pratik, 2019).

I11. Good misalignment performance

Based on the article experimental results, the CPT system has a superior
performance when in misalignment than the IPT system. For CPT system, the system can
keep up a 89.4% efficiency when there is a 300mm misalignment. However for IPT, the
system can only maintain 56% when there is a 310mm misalignment (Lu et al., 2017).

IV.Can be transmitted through metal

Unlike IPT system, CPT system can be transmitted and penetrate through metal
and shielded body. In addition, the magnetic field of CPT system also has a good anti-
interference ability (Lu et al., 2017).

Disadvantages

A. Low efficiency

The higher the frequency, the higher the power losses and in CPT system it is the
conductives loss in the compensation inductors that contribute to the power loss.

B. Strong magnetic field

Unlike IPT system that can undeniably be shielded through metal, it is hard for
CPT system to be shielded. This will lead to the electric field to pass through the metal
material easily.

C. Low power density

15



2.3 Literature review

2.3.1  Application of capacitive power transfer on biomedical implants

Based on an article by (Narayanamoorthi et al., 2017) in the article stated that a
class E power amplifier and a capacitive coupled wireless power transfer was used to ma
biomedical implants. The purpose of the research was to model and optimize the class E
amplifier for capacitive coupled wireless power transfer system (CCWPT) to be applied in
MHz range application on biomedical implants such as a pacemaker or other devices that
used WPT technology. The CCWPT system is used together with inductive-capacitive-
inductive (LCL) to improve the efficiency and maintain required impedance compression.

In addition, for robust operation. This application use a class E power amplifier to
achieve a high frequency as theoretically class E has the highest efficiency compared to
other power amplifier classes aside from the part that they operate under zero voltage
switching (ZVS) and zero voltage derivative switching (ZVDS) properties. Furthermore,
LC compensation circuit was added to the transmitter (Tx) side in order the enhance the
voltage on Tx plate. Figure 2.6 displays the location of the biomedical device application
on human body and Figure 2.7 shows the positions of Tx and Rx plates on different layer

of human skin (Narayanamoorthi et al., 2017).

16
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Figure 2.6 The diagram of CCWPT system application in bio implants (Narayanamoorthi

etal., 2017).

The experiment then was done by putting the transmitter (Tx) and receiver (RX)
onto a solution that mimicked human tissue by referring the IEEE standard properties of

human tissues to get an accurate result (Narayanamoorthi et al., 2017).

1 Class E PA /é/
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Figure 2.7 Schematic diagram of human tissue and capacitive plates: (a) Rx capacitive
plates placed under Muscle and (b) Rx capacitive plates placed under Skin

(Narayanamoorthi et al., 2017).
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2.3.2  High Power CPT for Railway

Based on (Liang et al., 2021)stated that WPT system was an alternative method
that they chose to power the railway replacing the conventional method that uses
pantograph-catenary (PC) method in order to power the locomotives. Furthermore, the
CPT system was proven to remove most of the limitations of the PC method. As shown in
Figure 2.8, for railway application only two plates are used for power system supply.
Sending plate (P, ) is the transmitter plate while receiver plate (P;) represent the receiver
plate. The LCLC-CL compensation technology as shown in Figure 2.9, is designed to
make sure the coupler distribution in a safe working situation, as the system a high power
transmission. As the result shows, the output for voltage and current for the inverter is are
almost in phase with each other and when the transfer power is at 3kW the DC-DC
efficiency is 92.46%. Therefore, the design method of this journal is proven (Liang et al.,

2021).

' ~ Compensation &  prooo
= Converter =
Velicle and chassis (Py) |
@ ® Receiver plate (P5)
»> r ram—
Wheel -.: Insulation IAT?AAA?A‘
—_—
® ) )
Input Converter & Track and Sending plate (P)

Figure 2.8 Railway configuration of CPT system (Liang, et al, 2021).
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Figure 2.9 Structure of designed CPT system. LCLC-CL compensation (Liang et al, 2021).

2.3.3  Application of CCWPT with Quasi-LLC Resonant Converter using Electric
Vehicle Windows

According to (Hyun Yi, 2020) a capacitive coupling wireless power transfer with
quasi-LLC resonant converter was use on electric vehicle’s windows to charge the electric
vehicle (EV). After taking a consideration of other material parts of the car to become the
conductor, glass is chosen for having the largest relative permittivity in addition to having
a large area. Since the front and the back windows of the car is large. For the electrode, a
transparent Indium Tin Oxide (ITO) was used to make sure that even when the car is in
charging mode the window view will not be completely blocked since it was placed inside
of the car. For the outside of the car, the material for electrode used was copper plate.
Then, for the car glass windows consist of 2 sheet of glass and a polyvinyl butyral (PVB)
film placed between the glasses as illustrated in Figure 2.10. Figure 2.11 shows how EV is

charged through their windows.
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Table 2.3 Relative permittivity of EV exterior

Relative
Material
Permittivity
Air 1.0005
Polypropylene 22-24
ABS resin 23-25
Glass 4-7
Transparent electrode plate Pressure

Copper plate (Outside of a vehicle)

(inside of a vehicle) .
Chemical contact l l l l l l l l l l 4_/]\-Iechamcal gpntact

\‘ Glass dielectric layer

/! 4—\ (Window of a vehicle)

Polyvinyl butyral (PVB) film nner Glass layer

Figure 2.10 Coupling capacitor implementation (Hyun Yi, 2020).

L |

Copper - Plate
Glass

Indium Tin Oxide

Figure 2.11 The proposed system of CCWPT on electric vehicle’s windows (Hyun Yi,

2020).
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2.3.4  Application of CPT for Electric Vehicle Charging

Based on CPT system that mostly utilized in a low power and small gap
application is because of the system have a low efficiency and high voltage that is
generated across the coupling interface. However, to overcome this limitation (Rozario et
al., 2016) implemented a CPT system using modified LLC topology as shown in Figure
2.12 and dual topology for charging an EV.

PFC Stage INVERTER Modified LLC Tank Rectifier

| L1 C . B
CF\E aciC | = J#:z ) c: Lmé;éig z% _—Liaaﬂery
. || | “2 T

Capacitive Interface

—k

Figure 2.12 Modified LLC system (Rozario et al., 2016).

In this case the LLC converter offers a capability to buck and boost that will
redeem useful for application in EV. In addition, the modified version has multiple benefits
such as small frequency variation over a wide range, high power density and many more.
Moreover, the Dual LC topology will help to overcome the high voltage problem in the
CPT system (Rozario et al., 2016). This method is also supported by an article by (Rozario,
2016) that used two modified topology. The first topology capable of high power transfer
for small air-gap application while the second topology is Dual topology function is to
decrease the voltage stress. Furthermore, they produced a very high efficiency under
misalignment condition.

Article by (Al-Saadi et al., 2019) stated that the result for efficiency under

misalignment by using unipolar CPT system is different according to their respective
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shapes. In this study, they experimented by using plates shaped in ring or square for CPT
system and it is proven that a square shaped plates produced a higher frequency when
compared. For the CPT system, they used material made out from copper as the conductor
for transmitter and receiver plates and air as the dielectric material. This method is chosen
because unipolar CPT system structure is simpler than bipolar capacitive coupler, because
they only used two plate to generate electricity, one for the transmitter and another on the
receiver side.

Based on (Lu et al., 2018) they used the bottom of the vehicle and the earth
ground to transfer power. Figure 2.13 illustrates the electric flowed from the transmitter,
P, and the receiver that is the earth ground provides the current-returning path into the
ground, P, . P; is the vehicle chassis. This CPT system also uses a compensation circuit
that is a full bridge rectifier circuit and a low pass filter to give an AC excitation to primary

side.

Compensation,  Rectifier. Battery
od 1 1 Al
Compensation { |: —_— *
N Ty = g \ 17
Inverter ) '

e —— 1
I |. —l | Insulation e Straty

! Capacitor
L

Earth Ground P Returning Current

" 7 / it
- e -l astemaseaesn

Figure 2.13 Structure of two plate compact CPT (Lu et al, 2018).

(Regensburger, 2020) states that an EV could run on modified capacitive coupling
plates and incorporates L-section matching networks produce gain and reactive
compensation. The design system for this project is quite similar to (Lu et al., 2018) as the
transmitter and the receiver is placed on the vehicle chassis and on the road. This system is

proven by producing a high efficiency performance for capacitive charging system.
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2.3.5 Application of CPT system in Wireless Computer Mouse Charging

According to (Mohd Shakir et al., 2016) a Class E converter is placed on the
transmitter which is inside the wireless computer mouse. The function is to make sure that
the DC source from transmitter can convert into a high frequency AC voltage in order for
the receiver plate located on the mouse pad to receive the frequency and started charging
the mouse. The location of the transmitter and the receiver is as shown in Figure 2.14.
Although at the end of the experiment the system was unable to transmit enough electric
field to charge the wireless computer mouse but it was successful considering that it

manage to light up the LED which show the power is actually transferring.

Wireless
computer
mouse

USB

Secondary Pick-up

Cahle . (Recenver)

4 Computer
{{ Primary Circuit . [IMouse Pad
== (Transmitter) rad —

/
Power Transfer

Figure 2.14 Prototype design for wireless mouse charging (Mohd Shakir et al.,

2016).

2.3.6  Application of CPT system for Mobile Charging

(Silva et al., 2015) proposed a mobile charging by using CPT with low coupling
capacitance by using LC resonance. This paper also include a rectifying bridge and filter in
their application and used two metal conductives placed in parallel to act as transmitter and

the receiver of the circuit.
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2.3.7  Summary of literature review
No. | Author Title of the | Application | Remarks
project / Year
1. |FeilLu High Power | Electric - Using a double-sided LCLC
Capacitive vehicle compensation circuit.
Power Transfer | Charging )
- The system power increased
for Electric
to several kW from several
Vehicle
tens of watts.
Charging
. - Increased in transfer distance
Applications
(2017) to hundreds of mm from
before is less than 1 mm.
- Increased of efficiency
transfer to 90% from 30%.
- Voltage and power loss can
significantly affect the CPT
system.
2. | Guilherme G. da | Capacitive Mobile -LC resonance is used to
Silva and Clovis | Wireless Power | Charging achieve a high efficiency.

A. Petry

Transfer System
Applied to

Low-Power

-Uses two metal plates as the

transmitter and the receiver.
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Mobile Device

-System efficiency can be

Charging effected if the switching
(2015) frequency increases.
Narayanamoorthi | Class E Power | Low power | -Using  capacitive coupled
R, Vimala Juliet | Amplifier biomedical wireless power transfer
A, Bharatiraja | Design and | implants (CCWPT)
Chokkalingam, Optimization ] o
-To improves efficiency and
Sanjeevikumar for the o ) )
maintain required impedance
Padmanaban, Capacitive ) ] .
compression, an inductive-
Zbigniew Coupled . ] )
capacitive-inductive (LCL) is
M.Leonowicz Wireless Power | )
designed for robust operation.
Transfer System
in  Biomedical -The power amplifier (PA)
Implants (2017) efficiency could be decreased
by the coupling distance and
load.
Deepak Rozario | Design of | Battery -Used Dual LC topology
Contactless Charging method for capacitive power
Capacitive Application | transfer.

Power Transfer
Systems for

Battery

-The topology used produced a

better efficiency for small air

25




Charging

gap application.

Application
-The second topology
(2016)
decreased the voltage stress
and suitable for large air gap
application.
-The  limitation is  the
requirement of charging an
IEV determined by its battery
pack.
Brandon Capacitive Electric -The system utilizes capacitive
Regensburger Wireless Power | Vehicle coupler and include a L-
Transfer Charging section matching networks in

Systems for
Electric Vehicle
Charging

(2020)

order to provide gain and
reactive compensation into the

system.

-Transferring 3.75 kW with a
very high efficiency at 94.7%,
with a power transfer density

of 49.4 KW/m?.

-Impact of foreign objects such

as water will notably affect the
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system’s performance.

Deepak Rozario, | Modified Electric -This research is trying to
Vamsi  Krishna | Resonant Vehicle subdue the disadvantages of
Pathipati, Akash | Converters for | Charging CPT system for small gap
Ram, Najath | Contactless for application by using modified
Abdul  Azeez, | Contactless LLC topology and dual
Sheldon S. | Capacitive topology.
Willianson Power Transfer )
-Based on the experiments,
Systems used in ] )
LLC method is suitable for
EV  Charging ) )
small distance and high power
Applications | L ]
application while the dual
(2016) .
topology is suitable for a long
distance applications.
-For  LLC  method the
limitation is  that  the
capacitance decreased as the
distance between plates grew
larger and it’s the opposite for
dual topology.
Shakir Saat, Ong | Development of | Mouse -Method used is a high

Zhen Guat,

Wireless Pwer

efficiency Class-E converter to
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Farah Khalidah | Transfer using | Charging convert the source from DC to
Abdul Rahman, | Capacitive AC.
AA. lIsa and | Method for o
-The efficiency of the system
A.M. Darsono Mouse o o
Is improved by connecting it to

Charging o
a compensation circuit.

Application.

(2016) -The power transmitted was
inadequate to power the
wireless mouse. Nevertheless,
the LED was lit and it shows
that the concept is proven.

Jianying Liang, | A Design | Railway -By using LCLC-CL topology
Donghua Wu | Method of as the system as it requires a

and Jin Yu

Compensation
Circuit for
High-Power
Dynamic
Capacitive
Power Transfer
System
Considering
Coupler

Voltage

high power.

-No  voltage  distribution
system despite using a high

power CPT system application

-During high power
transmission, a high insulation
material is needed in order to
diminish the risk of system

breakdown.
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Distribution for
Railway
Applications.

(2021)

9. | Mohammed Al- | Analysis of | Electric -This thesis studies the ring
Saadi, Ammar | Charge  Plate | Vehicles and square plates
Al-Gizi, Sadiq | Configurations | Batteries configurations in unipolar CPT
Ahmed, Sarab | in Unipolar | Charging for the uses of the batteries
Al-Chlaihawi, Capacitive charging in EV.

Aurelian Power Transfer
-The result shows that the
Craciuescu System for the
square coupler has better
Electric -
angular misalignment.
Vehicles
. -The limitation is that both
Batteries
Charging plates cannot have a large
(2019) misalignment as it can cause
the efficiency to drop.
10. | Kang Hyun Yi Capacitive Electric -A high frequency operation
Coupling Vehicle using  capacitive  coupling

Wireless Power
Transfer  with

Quasi-LLC

wireless power transfer

-This study results show that a

1.6 kW of output power
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Resonant produce a high efficiency of
Converter using 96%.

Electric )
-Quasi-LLC resonant operates

Vehicle’s )

with two transformers to
Windows o

reduce the switching losses.
(2020)

2.4 Summary

This chapter is a comprehensive study that discusses, analyses published
information and synthesises the literature of a particular study. The first part of the chapter,
introduces the readers to the definition and the background of wireless power transfer
(WPT) and capacitive power transfer (CPT). It covers on their history, definition in
detailed and the advantages and disadvantages of CPT system. Then, the latter part of the
chapter is the literature review of the previous works dating from 2016 until 2021. Lastly,
their application methods, limitation and the advantages of their study is summaries in a

table.
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CHAPTER 3

METHODOLOGY

3.1 Introduction

This chapter will explain and discuss the methods used in order to write the report
and the process of developing ‘Capacitive Type Mobile Phone Charger’ project. The
methodology was explicitly explained the “what” and “how” of the project by listing the
material and tools used and the reason for choosing these methods. In addition, the
reasoning will ensure a convincing and reliable results that achieve the objectives of this
paper. This chapter also include the flowchart of the project that describes the steps of
making this project from the beginning till the final output/product.

Every step is done carefully to avoid error or to prevent the project from working
incorrectly than what to be expected. Furthermore, by following the steps it will be easier
to detect where the problem is coming from. The project schedule will follow closely on
the timeline that is planned in the Gantt chart. It is crucial to follow the schedule in order to

make certain that the project can be carried out on time as planned.

3.2 Methodology

This thesis presents a wireless power transfer by using two plates conductor as
tramitter and receiver in order to charge a mobile phone and Figure 3.1 is the illustration
of the flowchart for the development of Capacitive Type Mobile Phone Charger project

methodology.
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Introduction, literature review, gantt chart and
flowchart of the project

v

Design the circuit of the |

project

v

Hardware construction

Mo

Yes

Analvsze the project result and data

v

Data eollecting and report writing

v

Final report submission and presentation

o
/‘fE nd \\\
N

e

Figure 3.1 Flowchart of the project

Based on the flowchart above, this project methodology starts by doing a research
on literature review based the topic that is related to capacitive power transfer (CPT) and
wireless power transfer technology. The information is gathered from multiple sources
such as from journal article, conference paper and online article. After that, gantt chart and

flowchart of the project methodology is done to make sure the project can be completed

right on schedule and to avoid a hectic schedule.
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Then, for the project circuit, hardware circuit construction after designing the
project. There will be two conductive metal plates in order to make a wireless power
transfer.

Next, the circuit will be tested. If it pass and manage to operate successfully it will
go the next process that is result and data analysis but if the project failed, an error
occurred, the process will go back to designing the circuit.

For when the project is done successfully the data will be analyse and will be
collected for the continuation of report writing.

Finally, after the report is done and finalized, the report then will be submitted to
the supervisor and panels for marking. Lastly, after the report and the presentations is done

the BDP Il is completed.
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3.3 Project Architecture

This is the block diagram to show the operation of the project. From the power

being supply to the charging the mobile phone.

Switch Mode Power _ .
Supply (SMPS) H Transmitter Plate H Receiver Plate

Figure 3.2 Block diagram of the project

In this project, the switch mode power supply (SMPS) will provide the voltage
source. Then, the current will flow through transmitter plate and the medium then through

the receiver plate to power the load.

3.4 Experimental setup

3.41  Aluminium foil

Aluminium are a good conductor since it allows electricity flow through it easily.
In electrical connections, aluminium generates an electrically resistive oxide surface,
which can cause the connection to overheat. Aluminium is used in high-voltage
transmission lines that are enclosed in steel for additional protection.

The regular aluminium foil sold in the market typically 0.016mm wide, and
0.024mm medium. The foils are thin and brittle and are usually laminated in order to make
them thicker. Hence, the size dimension and the thickness of the foil will affect the
efficiency of the power transfer. In this project an extra thick aluminium foil is used.
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This aluminium foil is shaped into a plate and cut in different sizes in order to take

data analysis. The sizes of aluminium plates used are Plate A (13.5cm x 20.5cm), Plate B

(20cm x 28cm) and Plate C (15cm x 15cm).

Figure 3.3 Aluminium foil

Table 3.1 Conductives in ascending order

No. | Conductive ~ Order of
Metal (of the same size)

1. | Silver (pure)

2. | Copper (pure)

3. | Gold (pure)

4. | Aluminium

5. | Zinc
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3.4.2  Switch Mode Power Supply (SMPS)

The Switch Mode Power Supply is a device containing electronic circuit that
includes a switching regulator for converting one form of electrical power into another
form using switching devices. This SMPS take AC input and converts it to DC using
rectifier and filter. A power MOSFET amplifier is used to perform the switching action.
MOSFET transistors have a low on-resistance and can withstand high currents. This then
causes switcing frequency pulses between 20 an 200kHz at primary winding. After that,
the transformer smoothed and rectified the output voltage using the rectifier and filter in
order to produced the DC voltage.

The SMPS is used to supply the transmitter plate with DC voltage supply. The
SMPS is very high in efficiency and produced less losses, thus promote energy saving. The
design is compact and light. In addition, SMPS also produced a clean and pure DC voltage
which is highly suitable for noise sensitive application and can be used to supply constant
current, suitable for DC motor, LED lighting, battery charging device and instrumentation

device. In this project the rating of SMPS that is used is 12V 30A.

Figure 3.4 Switch Mode Power Supply

36



Table 3.2 SMPS Specification

No. Features Description

1. Input VVoltage 110V - 240V

2. Output Voltage 12vDC

3. Output Current 30A

4. Dimension 21.5cm x 11.5cm x 5cm (L X H x W)
5. Cooling Fan Yes
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343 LED

A light-emitting diode (LED) falls under a catogory of semiconductor device that
function by emitting light when there is a presence of current flowing through the device.
The light is produced when the electrons from the current jump from hole to hole (from P-
type material to N-type material). If the LED is put in reverse direction, the current will not
flow. The LED is used as an indicator to see if there is a power transfer from transmitter

plate to receiver plate and the led will be place on the receiver circuit.

Figure 3.5 LED

Table 3.3 LED Specification

No. Features Descriptions

1. Forward Voltage 2.8V -3.2V

2. Size 5mm

3. Operating Temperature —20°C to 100°C
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3.4.4 Multimeter

A multimeter is a device use to measure a variety of electrical properties. Most
conventional multimeter able to measure voltage, current and resistance is referred to as
volt-ohm-milliammeter (VOM) since the multimeter has the function a voltmeter, ammeter
and ohmmeter equipped in it. Some other multimeter comes with additional functions such

as measuring temperature and volume.

Figure 3.6 Multimeter

39



35 Project hardware

3.5.1 Project integration

The assembly of the project.

N
7N
oo

Switch Mode Power | —> | Transmitter Plate
Supply

Load

Figure 3.7 Project integration

The figure 3.7 shows a block diagram sequence of the ‘Development of Capacitve
Type Mobile Phone Charger’. The SMPS act as the supply which converts AC into DC of
12V and 30A. It is then will flow through the transmitter plate and by using paper as the
medium the electric will flow to the receiver plate. The function of the medium is to test
the functionality of the wireless capacitive power transfer. The LED is used as the circuit

load.
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3.5.2  Capacitive Plates

The arrangement of the transmitter plates and the receiver plates. In between the

transmitter and receiver plates there is also a medium.

Receiver plates

/ \ ;dium
N\ /

Transmitter
plates

Figure 3.8 Arrangement of Transmitter plate and Receiver plate

So as to analyse the data of voltage output, the aluminium are cuts into 3 differrent
sizes. And each size will have 4 sets of plates to make sure there is a pair for trnasmitter
plate and another pair for the receiver plate. The sizes are Plate A (13.5cm x 20.5cm), Plate

B (20cm x 28cm) and Plate C (15cm x 15cm).

Figure 3.9 Plate A (13.5cm x 20.5¢cm)
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Figure 3.11 Plate C (15cm x 15¢cm)
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3.5.3  Circuit Design

Project hardware tested with SMPS as supply and LED as the load. The medium

used was paper as shown in Figure 3.12.

Figure 3.12 Hardware Circuit
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3.6

Gantt Chart
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3.7 Summary

This chapter presents the proposed methodology in order to develop a capacitive
type mobile phone charger. The project methodology is the major part of this project in
order to ensure the smooth journey for the execution of this project and a successful
outcome. The gantt chart plays the big part on making sure the developer to keep in track

their progress.
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CHAPTER 4

RESULTS AND DISCUSSIONS

4.1 Introduction

The result and discussion on the development of capacitive type mobile phone
charger is presented in this chapter. Every analysis decision is explained in their sections.
The analysis was done by varying couples of variables in order to compare the data

produced.

4.2 Results and Analysis

First of all, the analysis is done by using Switch Mode Power Supply (SMPS)
rating 12V and 30A as the supply to the transmitter part. Then, the transmitter and receiver
plate is divided into three different sizes which is Plate A (13.5cm x 20.5cm), Plate B
(20cm x 28cm) and Plate C (15cm x 15cm). There are 3 variation of the variable in order
to analyse which combination is the best to produce the highest efficiency and the medium

that is used in this experiment is paper. The load used for this analysis is LED.

4.2.1  Material of conductive plate

This analysis will be conducted using three different types of conductive metal as
the transmitter plate and receiver plate to received voltage. In this experiment paper was
used as the medium and the number of paper put in the middle is up to 3 papers analyse
which material has the highest efficiency of the received voltage. The finding are tabulated

in Table 4.1, 4.2 and 4.3.
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Figure 4.1 Copper Plates

Figure 4.2 Zinc Plates

Table 4.1 Copper Plate

Voltage Voltage
Number of Efficiency
with Load with no LED (V) | Average (V)

paper (%)
V) Load (V)

1. 3.20 2.06 3.20 2.82 23.5

2. 3.16 1.14 3.16 2.49 20.75

3. 3.14 1.13 3.14 2.47 20.58




Table 4.2 Aluminium Plate

Voltage Voltage
Number of Efficiency
with Load with no LED (V) | Average (V)
paper (%)

V) Load (V)

1. 3.14 1.34 3.15 2.54 21.17

2. 3.11 0.91 3.12 2.38 19.83

3. 3.08 0.39 3.09 2.19 18.25

Table 4.3 Zinc Plate

Voltage Voltage
Number of Efficiency
with Load with no LED (V) Average (V)

paper (%)
V) Load (V)

1. 3.11 1.90 3.10 2.70 225

2. 3.09 1.13 3.07 2.43 20.25

3. 3.06 0.78 3.02 2.29 19.08

Secondly, the result of the comparison are summarised in the graph in Figure 4.1
below. From the graph in can be concluded that the voltage received for copper plate has
the highest value. This is due to copper placed the highest compared to aluminium and zinc

in the best conductor of electricity list (refer table 3.1)..
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Average voltage vs Number of paper
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Figure 4.1 Graph for Average voltage vs Number of paper

The different types of metal conductor of transmitter and receiver plate are
measured by varying the number of paper that are used as the medium. This is to analyze
which of the three conductor copper, aluminium and zinc plate would have the highest
efficiency. Based on the graph shown in Figure 4.1 it is known that the the highest voltage
is achieved when using copper as plates and when the distance between the transmitter and
receiver plate is shorter indicates that the thickness of the medium affect the transmission
performance . When the paper is added to 3 papers, the voltage at receiver drops to 2.47V
compared to when there is only 1 piece of paper between the plates the voltages is at the

highest, 2.82V.
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4.2.2 Positions

Using plate B (20cm x 28cm) as the fixed transmitter and plate A (13.5cm X
20.5cm) as the receiver and position the receiver at 3 different part of the transmitter which

is Section A, Section B and Section C as shown in Figure 4.3. Similarly, by using paper as

the medium for the transmitter and receiver plates.

(a)

(b)

Figure 4.3 The position which receiver plate placed on transmitter plate: (a) Section A (b)

Section C and (c) Section C

Table 4.4 Voltage at the receiver part using Plate A as the receiver

Voltage with | Voltage with Efficiency
Position LED (V) | Average (V)
Load (V) no Load (V) (%)
Section A 0.56 0.016 0.4 0.33 2.75
Section B 3.2 2.46 3.2 2.95 24.6
Section C 2.31 0.03 1.99 1.44 12
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Table 4.5 Voltage at the receiver part using smaller receiver (10cm x 13cm)

Average voltage
N
= U1 W n;

Section A

Voltage Voltage
Efficiency
Position with Load with no LED (V) | Average (V)
(%)
V) Load (V)
Section A 3.08 0.16 3.09 2.11 17.6
Section B 3.19 1.64 3.20 2.68 22.3
Section C 3.15 0.21 3.16 2.17 18.1
Average voltage vs Positions
5
4.5
4

e e e e e ————— e -

—4—Big Plate

Section B

Positions

=fl=Smaller Plate

_

Section C

Based on Figure 4.2 it can concluded that the highest voltage received is when the

Figure 4.2 Graph for Average voltage vs Positions

plate is placed at Section B compared to Section A and Section C. This is because the

position of the receiver plates at Section B is fully alligned with the transmitter plate which

makes the coupled area greater hence, higher voltage. When the receiver plates are
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misaligned from transmitter plates, there are uncoupled area which reduces the voltage at

the receiver plates.

4.2.3  Size of the capacitive plate

For this analysis the data is taken by variating the sizes of transmitter plate and the

receiver plate. By using the same size of transmitter plate and receiver plate to using bigger

size transmitter plate and small size receiver and vice versa.

Table 4.6 Using Big plate (Plate A) for transmitter and receiver plates

Voltage Voltage
Number of Efficiency
with Load with no LED (V) | Average (V)
paper (%)
V) Load (V)

1. 3.19 1.3 3.19 2.56 21.33

2. 3.16 0.75 3.16 2.36 19.67

3. 3.14 0.43 3.15 2.24 18.67

Table 4.7 Using Small plate (Plate B) on transmitter and receiver plates

Voltage Voltage
Number of Efficiency
with Load with no LED (V) | Average (V)
paper (%)
V) Load (V)
1. 3.11 1.46 3.12 2.56 21.33
2. 3.08 1.29 3.09 2.49 20.75
3. 3.02 0.21 3.01 2.08 17.33
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Table 4.8 Big receiver plate

Voltage Voltage
Number of Efficiency
with Load with no LED (V) | Average (V)
paper (%)
V) Load (V)
1. 3.09 0.67 3.10 2.29 19.08
2. 3.05 0.37 3.07 2.16 18
3. 3.03 0.2 3.02 2.08 17.33
Table 4.9 Small receiver plate
Voltage Voltage
Number of Efficiency
with Load with no LED (V) | Average (V)
paper (%)
V) Load (V)
1. 3.10 1.23 3.11 2.48 20.67
2. 3.09 0.22 3.09 2.13 17.75
3. 3.03 0.15 3.04 2.07 17.25
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Figure 4.3 Graph of Average voltage vs Number of paper

The purpose of this analysis is to investigate which of the pairing between big
transmitter plate pair with big receiver plate, small transmitter plates with small receiver
plates, small transmitter plate with big receiver plates or big transmitter plate with small
receiver plate would produced the highest average received voltage and the highest
frequency. At 1 piece of paper both small plate transmitter and receiver and big transmitter
and receiver plate produced the same number of voltage, 2.56V as shown in Figure 4.3.
They also obtained the same highest efficiency. This is due to both of them have the same
size for transmitter and receiver plate which makes the plates fully alligned with each

other. Thus, transfer the highest electrical fields.
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4.3 Summary

In this chapter, the part of studies shows the implementation and the applicability
of the proposed system of development of capacitive type mobile phone charger. By
comparing these experiments results, it is understand that the size of the plates, the position
of the receiver plates and the distance between the transmitter plates and receiver plates
plays an major role in investigating the relation between the electric transmission and the
efficiency. The shorter the distance, the higher the transmission performance between the
transmitter plate and receiver plate. In addition, misalignement will produced unwanted
uncoupled area which affects the voltage gain by the receiver part. It should be avoided in
order to minimize losses during transmission and efficiency drop. But unfortunately, in this
analysis, there was too much power loss when the electric field is transmitted between the
transmitter plate and the receiver plate. Hence, making it unable to supply enough power to

charge the mobile phone but the LED lights up.
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CHAPTER 5

CONCLUSION AND RECOMMENDATIONS

51 Conclusion

To conclude all, this project explained and presents the development of capacitive
type mobile phone charger. The proposed method are done by using SMPS 12V 30A as the
supply which connects to the transmitter plate and receiver plate by using paper as the
medium is submitted sucessfully. Based on the data analysis, the size of the receiver plate,
the position and the thickness of the medium does affect the efficiency performance of the
capacitive coupling plate. This is tested by varying up to 3 pieces of paper in between the
plates and repeat the process using a different dimension of aluminium plates.

The bigger the receiver plate, the greater the voltage at the receiver plate.
Futhermore, misalignments creates unwanted uncoupled area hence, reduces the voltage. In
addition, the type of conductor material also influenced the voltage received in the receiver
plates. Based on the data the highest efficiency are in this order copper plate, aluminium
plate and last zinc plate. Moreover, the transmission performance are also influenced by
the thickness of the medium as the thickness grows the voltages at the receiver plate will
decrease.

Based on the analysis done in Chapter 4, while conducting the project, LED
manage to light up successsfully thus proving the point that there is a power transmission
between the capacitive plate. To conclude all, this project has successfully transmitted the
power by using capacitive coupling plate. However, the voltage received are not enough to

charge the mobile phone but it is enough to be able lo light up the LED. This is because of
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there was too much power loss when transmitting the electric field from transmitter plate to
receiver plate. Therefore, proving the relevancy and the opportunity of capacitive type

mobile phone charger in near future.

5.2 Future Works

For future improvements, the accuracy of this developments could be enhanced as
follows:
i) Consider boosting the SMPS to a higher voltage and frequency.
i)  Convert the DC from transmitter plate into AC to transfer more electric
field and minimize losses.
iii)  Regulate the DC voltage of capacitive plate in order to get high voltage and

supply other electronic devices and to stablize the voltage output.
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