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ABSTRACT

Technology is one thing that keeps on changing to make life simpler. But, let's
take the case of charging a device, for decades, we still confine to the old traditional
style of wire system. Think of a device or a system that can charge up multiple systems
without all those snake-look-alike wires. The solution is to go with wireless power
transfer using inductive coupling. Wireless Power Transmission using inductive
coupling, is one of the effective ways to transfer power between points without the use
of conventional wire system. Wireless power transmission is effective in areas where
wire system is unreachable or impossible. The power is transferred using inductive
coupling, resonant induction or electromagnetic wave transmission depending on
whether its short range, mid-range or high range. The goal of this project is to charge a
low power device using wireless power transmission. This is done using charging a
resonant coil from AC and then transmitting subsequent power to the resistive load. The
project is meant to charge a low power device quickly and efficiently by inductive
coupling without the help of wires. In this project, the wireless charger works mainly on

the principle of inductive coupling With this idea, we are trying to transfer power



wirelessly to charge low power devices, such as mobile phones, cameras, wireless

mouse etc.
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CHAPTER 1

INTRODUCTION

1.1. BACKGROUND

Palm, an American mobile phone company, first presented its smart phone
with wireless charging features in the year 2009 that precedes to an opening
of a new breadth in the mobile world [1]. The ripple effect of Palm's wireless
charging devices has engrossed the competitors in the smart phone arena. As
a result, its competitors such as Nokia's Lumia, Google's Nexus, Samsung's
Galaxy and Motorola have offered an optional wireless charging in their mobile
phone package. Besides that, the famous coffee franchises, Starbucks and
The Coffee Bean & Tea Leaf have provided public wireless charging stations
in their shop as a tryout. Thus, coffee lovers can charge their compatible mobile

phones at ease just by putting it on the table or countertop. [2, 3].

The concept of wireless charging materialized from the idea of Wireless Power
Transmission (WPT) which started in the early 20" century, when a visionary
Serbian electrical engineer, Nikola Tesla invented a resonant transformer —
Tesla Coil. The Tesla coil is a device that could power the electrical devices
around wirelessly. While it is used in a minor scale of experiments, a bigger
version of the Tesla coil — the Wardenclyffe Tower, also known as Tesla Tower,
was built. It was believed to transmit energy to a much greater distance, from
city to city. However, due to the low feasibility of the project and the fear of
safety hazards, the project investors decided to discontinue its funding. In the
end, the project was not accomplished. However, that was not the end of the
WPT. Companies started using the concept of the WPT to produce numerous
creation ranging from, electric toothbrush, surgically implanted devices,

electric vehicle, and now mobile phone charger [4-7].

The general principle of the WPT is when an alternating current (AC) passes

through a closed loop coil, magnetic fields will be generated around the coil.



This phenomenon is known as Ampere's Law [8]. On the other hand, the
magnetic field generated by the transmitter will induces a voltage in the

receiver coil. This incident is recognized as Faraday's Magnetic Induction Law

[8].

While wireless charging method in the market, called inductive coupling,
operates at a near distance, in Massachusetts Institute of Technology (MIT),

Professor Marin

Soljaci¢ and his team developed a prototype that transmits power wirelessly at
a middle range distance, (d > 1 meters). Their objectives are to increase the
distance of transmitting and the efficiency. The working principle of their
prototype is to utilize a resonant coupled coil in magnetic induction, or called

resonant coupling [9].

This Inductive coupling technique operates at the resonant frequency by both
transmitter and receiver coils. When two coils are tuned to the same resonant
frequency, the efficiency and the range of the transmitted energy are
enhanced. Besides that, energy could be transferred while the coils are not
aligned. This is called NonRadiative Energy Transfer. The resonant frequency
(f) is generated using LC tuned circuit where the inductance is from the

excitation or receiving coil and a capacitor [9].

In our modern world in which technologies are ubiquitous in everyday life, we
need additional electrical energy to turn on our appliances or gadgets. While
conventional energy sources like gas, coal, natural gas are limited and emit
polluted air to the atmosphere, the renewable energy emerges as the solution
to reduce the dependency on traditional energy sources and scale down the
pollution level [10]. One of the many choices of renewable energy has been a
viable option because of it is economical, pollution-free and readily available
[10]. This project is done using charging reasonant coil from AC and then
transmitting Subsequent power to the resistive load. This project is meant to

charge a low power device quickly and efficiently without the help of wires.



1.2. PROBLEM STATEMENTS

With the newest technology materializing everyday to improve people's
standard of living, there is higher demand for more electricity. However, many
weaknesses in the conventional energy sources have compelled energy

producer to consider alternative energy or renewable energy.

People rely on electrical devices and electronic gadgets to improve the way
they perform daily activities. Most of the electrical devices powered by wire
technology, but its limitation has become nuisances to the users. Several

notable current issues of wire technology are clarified in the next section.

1.2.1. No Universal Power Standard and Plug

Numerous power standards have established by a certain country since the
early invention of electrical equipments around the world. Three significant
parameters in power standards are the voltage level, frequency and plug head.
The Fig. 1 shows the variation of electrical standards which are ranging from
100 - 130 V and 60 Hz (North America and Eastern South America), 100 - 130
V and 50 Hz (Northern Japan) and the rest of the world uses 220 - 240 V and
50 Hz. The Fig. 2 displays the variation of power plug standards and the variety
of plug head ranges from Type AType M.
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FIGURE 1. The Variation of Voltage and Frequency Standards in the World
[12]
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FIGURE 2. The Variation of Power Plug Standards in the World 3

1.2.2. Inconvenience and Untidiness

Now, electronic gadgets and electrical equipments are extremely reasonable
cost due to the ever-growing technologies and global competitions. Thus,
consumers could afford many different gadgets and workstations to solve
variety of problems. As a result, due to many wires interconnected with each

equipment, the wires are cluttered behind the desk as shown in Fig. 3.



FIGURE 3. Untidiness of Wires at a Workstation 14
1.2.3. Wires' Wear and Tear

The wire's wear and tear are one of the most imperative problem in the wire
technology. The wear and tear of the wire are imminent due to the extensive
use and improper handling of the wires. Thus, the wires require maintenance
every certain period of time to retain its capability of transmission and preserve
the efficiency of the transmission. Aside from the three current issues,
previous works from other researcher have showed several limitations [6, 9,
15-18]. Thus, this paper proposed an improvise solution of research [18]. This
paper proposed for mobile phone battery charging through inductive coupling
wireless mobile charger.



From the current issues, the problem statements in regards to the limitations

of wire charging can be simplified into a block diagram as shown in Fig. 4.

Inconvenience
and
Untidiness

Problems

FIGURE 4. Limitations of Wire Technology

1.3. OBJECTIVES

This dissertation aims to develop a workable prototype and achieve three
objectives that have been identified based on the problem statements. The

project's objectives are as followings:

« To understand the concept of wireless power transmission

« To design a system for the generation of wireless power transmission
in order to charge a mobile application

» To analyze the results for reliability and efficiency of the wireless power

transmission

1.4. SCOPES OF STUDY

The scopes of this project reflects the objectives of this project. The project's

scope of studies consists of:

« To study the principles of wireless power transmission and Inductive
Eoupling To develop a wireless charging device that uses AC supply

as input



» To test the efficiency and the reliability of the wireless power transfer
system

1.5. SIGNIFICANCES OF THE PROJECT

The key prospects of this project are to study and comprehend the operation
and the principle of the inductive coupling technique. As electricity is a
commodity in the modern world we are living in, the energy transmission
medium serves as a link between the power plant and the consumers or power

plug to electronic gadgets.

At present, the concept of the WPT has been proven and it is used as part of
the advance mobile phone charging technology in the mobile phone market.
However, not much research has been done in this area, i.e. wireless power

transfer system. The advantages of having wireless power transfer system are:

* The amount of wires used are reduced
« Universal power standards could achieved because no plug is
necessary U

Users are not restricted to an area while charging an electronic device

The targeted application of this project is a mobile phone. However, the
project's application can extend to any mobile application such as tablets,
laptops, cameras, etc. Furthermore, it can also apply to home appliances such
as televisions, printers, cook top, etc, where a larger scale system is required.
In future application, this can be a system for electric vehicle (EV) charging

station where the cost of electricity for the EV can be reduced.

Hence, itis crucial to acknowledge the potential of wireless power transmission
using AC supply as a source. Many areas of research can be conducted
especially in medium and high power applications, the efficiency of power

transfer, coil design etc.



1.6. FEASIBILITY OF THE PROJECT

This project needs to be accomplished within a given time frame. The feasibility
of this research is charted in the Scope of Studies and Gantt Chart. This project
is limited to one device which is achievable within the time frame and it is
because it is crucial to first determine best parameters to transfer power
effectively before designing the system for multiple load. Hence, this makes
the project feasible and achievable within the duration of the Final Year Project
(FYP).

CHAPTER 2

LITERATURE REVIEW AND THEORY

The research on wireless power transmission and the theory behind this

system that includes Inductive coupling is described in detalils.

2.1. AMPERE'S LAW

The Ampere's Law discovered by André-Marie Ampeére in 1826 defined that
"an electric current-carrying conductor produces a magnetic field proportional

to the current.”

(1)

The Eq. (1) concluded that any path that enclose the wire, the sum of the
magnetic field at each point along the path is equal to the amount of current
that flowing in the wire.

In a given wire, the magnetic field, H can be calculated using Eq. (2) where R,
is the radius of the loop [8]. Figure 5 shows the magnetic field generated by

electric current flowing in the conductor.

(2)



FIGURE 5. Ampere Law [*9!
2.2. FARADAY'S LAW OF MAGNETIC INDUCTION

Faraday's Law of Magnetic Induction stated that "the time-varying
electromagnetic field will induce an electromotive force (emf) in a closed
circuit." The direction of the emf is explained in Lenz Law -- "the current in the
loop is always in such a direction as to oppose the change of magnetic flux
that produced it" [8]. The equation of Faraday's Law of Magnetic Induction is

expressed as follows:

The Eq. (3) shows that the emf is proportional to the change in flux, d¢. The
emf is inversely proportional to the change in time, dt when the emf is highest
when dt is smallest. The number of turns, N is proportional to the emf as the
higher the turns in the coil, the greater the emf is produced. The minus sign is
based on Lenz's Law as it states that "the current and the magnetic field is

opposed to the change in flux, d¢" [8].

Figure 6 shows the operation of electromagnetic induction. The generated

current from the battery flows into the first coil and produces electromagnetic



fields. When a second closed circuit coil is near the electromagnetic field, the

load will be energized, and in this case, the bulb will light.

ELECTROMAGNETIC INDUCTION

FIGURE 6. Electromagnetic Induction 2%
2.3. RESONANT FREQUENCY

Resonance is a phenomenon in which a system or an object vibrates at its
natural frequency at maximum amplitude. When a system oscillates or vibrates
at a frequency that matches with its natural frequency, it is said that the system
is oscillating at the resonant frequency. Resonance can be used to transfer

energy when two objects vibrate at the same frequency.

2.4. INDUCTIVE COUPLING

Inductive coupling uses the concept of resonant frequency and magnetic
induction. The Inductive coupling method increases the power transmission
efficiency and the distance of the transmission [9],[15]. The transmitter
produces Alternating Current (AC) that oscillates at the resonant frequency of
the transmitter coil where the coil is tuned to the same frequency. On the other
hand, the receiver coil then captures the magnetic field where the coil is also
tuned at the same resonant frequency as the transmitter that is connected to
the load. When the coils are tuned to the same frequency, the position of the
secondary coil and objects between the coils would not affect the transmission

provided the secondary coil is within the magnetic field of the primary coil. This

9



phenomenon is called non-radiative energy transfer. The Eq. (4) demonstrates

the resonant frequency is dependent to the inductance and capacitance.

in which: f = Resonant Frequency, L = Inductance and C = Capacitance

Figure 7 shows the resonant inductor and resonant capacitor in the orange
boxes are responsible to create the resonance for both of the sides. This is
called the LC tuned circuit. The resistor, RA and RB represent the resistance

for the resonator [21].

I' i |
— | | —
{ pwmi RA | | re - +AC D
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Ls | | Lr
Cs | : Cr
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ez Y G I B Y B PAY

| le Cr::ll |

FIGURE 7. Schematic Diagram of the Magnetic Resonant Coupling

The coil, Tx coil and Rx colil are a very crucial component in a whole system.
The coils can be manipulated by the following parameters: the shape of the
coil, the number of turns, the size and diameter of the coil, the diameter and

the type of the wire.

The function of the resonant capacitor, Cs and Cr in the LC tuned circuit is to
generate a resonant frequency of the transmitter coil and the receiver coil. The
value of the capacitor must be consistent with the resonant inductance to
produce the accurate resonant frequency. The LC tuned circuit needs to be
precise and almost as identical to the frequency generated by the timer to
achieve the magnetic resonant coupling effect. The Eqg. (5) shows value of the

capacitor is derived from the Eq. (4):

10



2.5. ADVANTAGES AND DISADVANTAGES OF WIRELESS POWER
TRANSMISSION

Wireless power transmission may help to eliminate the role of transmission line
in any kind of electrical conveniences. For example, in power grid network, the
WPT reduces the usage of interconnected transmission cables that cover the
entire nation. Therefore, the cost of the electrical system is reduced radically
as procurement and maintenance of the cables are nonexistent. As a result,
the cost of electrical energy for consumers may also decrease. Furthermore,
power failures due to failure of copper cables, short circuits or external
disturbances and maintenances could be prevented. Besides that, in a smaller
scale, the WPT helps the user to charge their electrical devices conveniently.

In addition, it will reduce the space consumption for wires and cables.

However, the negative side of the WPT is that it is a new and exciting field
where the currently low number of experts is available to bring WPT into
succession. Moreover, the feasibility of the WPT at present is not economical
where the efficiency is still not up to expectation. Besides that, the cost of
implementing WPT is high in current market [22].

2.6. RECENT WORK AND ITS APPLICATION

From [9], the team led by Professor Marin SoljaCi¢ and his team at
Massachusetts Institute of Technology (MIT), first demonstrated Inductive
coupling wireless power transmission. Their technique was able to light up a
60 W light bulb over a distance of 2 m with 40 % efficiency. In their research,
they have pointed out that a traditional non-resonance approach is inefficient
for midrange applications. Through their findings, it is believed that the
geometry of the coil is an important aspect to improve the wireless power

transmission system.

In University of Tokyo, a team led by Professor Yoichi Hori used the same
technique as the team at MIT had carried out [9],[17]. However, this team in
Japan explored their method by using the impedance matching circuit to

improve their overall efficiency of the system. The impedance matching circuit
11



involves an LC circuit to reduce the power reflection ration to the power source
of the WPT system. However, the team resorted to Industrial, Scientific and
Medical (ISM) frequency for their WPT system to resonate. ISM band
frequency is a reserved radio frequency for industrial, scientific and medical

purposes.

From [23], the researchers developed a wireless charging pad that could
accommodate various mobile devices. The efficiency of the wireless power
transmission system ranged from 42 % to 51 %. The researchers proposed a
high efficient transmitter to improve the conversion of power from wall power

outlet to transmitter circuit. Their resonance frequency was at 6.78 MHz.

In [16], the team in Croatia used a restricted ISM band as their resonance
frequency which was at 16.64 MHz. This frequency is different than the ISM
band in Japan [17]. The author in Croatia agreed that the resonant frequency
should be in the high frequency (MHz) region because the colil size is suitable
for mobile devices. However, the usage of higher frequency has its limitations
as skin effect of the conductor degrades the performance of the system. The
WPT system achieved 16.44 % efficiency with 0.1 A and 0.5 W at a distance

of 2.5 cm.

12



CHAPTER 3

METHODOLOGY

3.1. RESEARCH METHODOLOGY

One of the objectives of this project is to design and develop a prototype which could
charge a mobile phone using the wirelessly transmitted energy with the use of AC
Supply as the input. The wireless transmission obeys the Inductive coupling principle.

The project specifications and design are discussed in the next section.

3.2. PROJECT DESIGN

The proposed prototype specification for this wireless charger is listed in Table Il. From
Table

II, the system was able to provide output current of 200 mA, within the maximum
rating of 1 A for mobile phone. Besides that, the output voltage and output impedance
to charge a mobile phone was listed as the output voltage and output impedance. As
a result, power consumption of 1 W was achieved and the system's resonant

frequency was resonating at 800 kHz with a tolerance of 1.25 %.

TABLE Il. Proposed Prototype Specification

Output Current, mA 200
Output Voltage, V 5
Output Impedance, Q 1

Power Consumption, W 1
Resonant Frequency, kHz 800 =10

The block diagram of the wireless charging system is shown in Fig. 8. Details will be

discussed in the following sections for each of the components in the block diagram.



DC
Supply

Transmitter
Circuit
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Transmission Receiver
medium Circuit
V DC
_ Mobile
Transmitter Receiver Phone
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FIG 8. Block Diagram of Wireless Charging System

3.2.1. Power Supply Unit

The AC supply is used as the input energy in this system. The AC supply has
converted into electrical energy . Detailed description of the module was stated in
Table Ill. From Table Ill, a total of 8 W was listed as the power rating of the module.
Besides that, a voltage of 17.5 V and a current of 0.46 A were rated as the maximum

output voltage and the output current of the module respectively.

The battery is used to store electrical energy and provide power whenever there are
no energy available. From Table 1V, a voltage of 12 V and the ampere-hour of 1.2 Ah
were rated as the output voltage and the output current respectively. In other words,
the battery can supply up to 1.2 A per hour or 2.4 A per half an hour.

TABLE lll. Specifications of the Photovoltaic Panel
Type Polycrystalline

Rated Power, W 8

Rated Voltage, V 17.5

Rated Current, A 0.46

TABLE IV. Specifications of the Battery




Rated Voltage, V 12

Rated Current, Ah 1.2
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FIG 9. Circuit Diagram of Power Supply Unit
The Fig. 9 shows the power supply unit. The AC Sipply was converted into electrical
energy by Transmitter nd receiver coil . The converted electrical energy was stored
in the battery and it is used when the system is turned on. The DC voltage level is
converted into VA and VB by two voltage regulators. The voltage levels, VA and VB
are necessary for the subsequent operation. These voltage regulators are able to

sustain the current up to 1 A. The capacitors,

C1 - C4 are stabilize the ripples of the voltage. The capacitor value of 0.33 yF was used
for

C1 and C3 and the capacitor value of 0.1 pyF was used for C2 and C4, according to
datasheet in appendix
l.



3.2.3. Coils

The transmitter coil and receiver coil are explained in the previous chapter under
chapter 2.4. where the equivalent circuit for coils and resonator are shown in Fig. 7.
The structures of transmitter and receiver coils are as Table V. The parameters of
these coils are based on the construction of previous project [24]. However, due to
the unavailability of 0.9 mm of enameled copper wire, the coil used in this project was
replaced by 1 mm of enameled copper wire. The enameled copper wire was hand
wound into circular shape with the diameter of 70 mm.

TABLE V. Structures of the Transmitter and Receiver Coils

Material Enameled Copper
Wire

Number of Turns for Each Coils,| 5

N

Diameter of Turns, mm 70

Diameter of Coil, mm 1

Shape of Turns Circular




3.2.4. Rectifier

¢ H'LIZ:I)'-".III
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GMND

Figure 11 shows the circuit diagram for the rectifier. AC signal to DC signal conversion
was completed by bridge rectifier, BR. The voltage was regulated by 5 V positive
voltage regulator. The load, RLoap was driven by the voltage regulator. The voltage
0.33uF and 0.1 pF according to the datasheet of voltage regulator in appendix |.

ripples were stabilized by the capacitors C9 and C10 where the values are

BR

L+
1

FIGURE 11. Circuit Diagram of Rectifier
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3.3. THEORETICAL CALCULATION AND EQUATION

3.3.1. Resonant Frequency

The resonant frequency of this system was chosen at 800 kHz. As previously mentioned

in the oscillator section, the values for R1, VR1 and VC1 were selected at
3.6 Q, 88.2 Q and 10 nF. To calculate that the values selected to achieve the required

frequency, the Eq. (6) was used where the equation was obtained from the datasheet
of 555 timer at appendix Il.

The resonant frequency was calculated using Eq. (6) and the total period of a cycle
of the frequency was calculated in Eq. (7) where the resonant frequency is the

inversely proportional to the total period per cycle.

The duty cycle, D was calculated by Eq. (8). After applying the value of VR1 and R1
into Eq. (8), the 51% of the duty cycle was calculated. However, the duty cycle does

not affect the performance of the system.

3.3.2. Coil Parameters

The circular shaped coil was used in this project. The design of the coil was based on

Neumann's equation [25]. The inductance required of the coils was calculated from Eq.
(9):

where; N is the number of turns, R is the radius of the Ebil, o is the permeability constant

and a is the radius of the conductor. Thus,

Based on the calculated value of the L1 and selected value of C8, the resonant
frequency of this project is calculated using Eq. (4) is 800 kHz, which then fulfilled the

Inductive coupling's principle.



3.4. TOOLS

O Proteus Simulator Version 8.1
The simulation was done by using Proteus circuit simulator.

0 CadSoft EAGLE PCB Design Software
Printed Circuit board layout is generated by CadSoft Eagle PCB Design software.

0 Digital Multimeter
Voltage, resistor's value, capacitor's value and current is measured by digital

multimeter.

0 TekTronix TDS 1002 Digital Oscilloscope
Frequency and AC and DC voltage levels are measured by TekTronix TDS 1002

Digital Oscilloscope.

0 Fluke Automatic RCL Meter
The inductance of the charging coils is measured and verified by RCL meter.

0 GW Instek Laboratory DC Power Supply
DC voltage supplied by GW Instek Laboratory DC Power Supply to represent the

battery.

* Microsoft Excel 2007
Calculation, graphing, tabulation is prepared using Microsoft Excel 2007.

* Microsoft PowerPoint 2007
The presentation was completed using Microsoft PowerPoint 2007.

* Microsoft Word 2
+ Documentation was completed using Microsoft word 2007.



CHAPTER 4

RESULT & DISCUSSION

4.1. OVERVIEW

This section demonstrates the result for each segment of the prototype including:

1. Transmitter circuit
2. Colil design

3. Testing and result

The theoretical calculation and computer simulation to determine the values for the
components and then used to confirm the actual results tested from the circuit board.

The theoretical and actual result is compared for each of the segments.

4.2. TRANSMITTER CIRCUIT

4.2.1. Simulation Prototype

The simulation result was based on the design of Fig. 13. It was simulated using
Proteus simulation software. In this setup, the oscillator was designed to give 800
kHz. The square wave was generated by the oscillator is then amplified through the
half-H driver which then transmitted using an inductor, L1 which is a representation of

the transmitter coil.

The Fig. 14 obtained from the oscilloscope where the blue coloured square wave in
showed the Pulse Width Modulation (PWM) generated by the timer, 555 at 800 kHz.
On the other hand, the green coloured square wave showed the amplified signal
produced by the half-H driver, L293d. The amplified signal was ranged from +12 V to
0 V. With that, the condition for WPT with oscillator and half-H driver were verified by

simulation and proceeded with practical application.



4.2.2. Practical Prototype

The circuit shown in Fig. 15 was assembled based on Fig. 13. The component for
simulation and practical application may be slightly different. The NE 555 oscillator
was replaced by the TLC 555 oscillator which performed better at higher frequencies
as NE 555 was limited to 100 kHz. The reason was that the frequency rating of TLC
555 timer was up to 1 MHz. Heat sinks were attached to the voltage regulator, 7812A
and 7805A to prevent overheat as seen in Fig. 15. At this stage, the circuit was
supplied using DC supply where the input voltage emulated the output voltage rating
as shown in Table lll. The Fig. 16 shows the oscillator output at 805.272 kHz at 0-5
Vpk-to-pk.

Besides that, Fig. 17 shows the amplified voltage using L293d and transmitted using
Tx. Coil shown in Fig. 17. This shows the transmitter circuit performed as expected.

4.3. COIL DESIGN

The coil specification is listed in Table V and the inductance of the coil setup was
calculated in EqQ. (17). In practice, the coil was hand wound due to unavailable winding
machine. The coils' characteristics were measured using the FLUKE Automatic RCL
Meter including the inductance, resistance and Q-factor of the coils.

The outcome is tabulated in Table VIII.

TABLE VIIl. Measured Coil Specification

Details Inductance, Resistance, | Q-Factor
MH Q
Measured| Tx. | 3.9 0.05 0.487
Rx.| 3.9 0.05 0.487

From Table VIII, the value of inductance deviated by 2.3% from the calculated
inductance of 3.99 uH. The resistance of the coil is 0.05 Q to be to avoid any significant
effect on the performance of the WPT. The Q-factor is subjected to the size and shape

of the coil because it is related to resistance and inductance of the coil.



4.4. TESTING AND EXPERIMENTAL RESULT

4.4.1. Testing

The testing method of this system included voltage and current measurement in the
receiver side against distance. The starting distance between transmitter and receiver
coil is 0 cm which both of the coils are touching. Whereas the maximum distance
between transmitter and receiver coil is 6 cm as it would be suffice for performance

testing. Each incremental step is 1 cm.

4.4.2. Experimental Result

Table IX shows the experimental results of voltage and current measured against
distance. The measurements were collected at the receiver. The Fig. 18 and Fig. 19

show the graph of voltage & current and power against distance based on Table IX.

TABLE IX. Results of Voltage (V) and Current (A) based on Distance (cm)

Distance Voltage (Vp-p)| Voltage (Voc)| Current (A)
(cm)

0 10.0 5.0 0.194

1 8.0 5.0 0.046

2 7.0 5.0 0.03

3 6.4 4.5 0.019

4 5.9 3.7 0.013

5 3.7 1.7 0.009

6 2.6 0.6 0.007




Voltage (V) & Current (A) against Distance (cm)
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FIGURE 18. Graph of Voltage (V) & Current (mA) against Distance (cm)
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FIGURE 19. Graph of Power (W) against Distance (cm)

4.5. DISCUSSION

From the Fig. 18, the WPT system appears to be working satisfactorily at distances
less than 4 cm where it achieved the minimum DC voltage of 3.7 V to charge a mobile
application. However, the voltage decays exponentially as the distance increased
because the magnetic field strength decreased as the distance increased. The current
decays exponentially when the distance increased. This is also correlated to the
magnetic field strength. The power measured highest, 0.97 W at 0 cm, where the
current is highest. The power continues to decrease as the distance increase. This is
due to low current supplied from the source. This limits the distance of the WPT
system. This is because to generate a strong and wide magnetic field, a greater

current is needed because magnetic field is proportional to current as seen in Eq. (2).



Several improvements can be made to improve the performance of the system. First,
increase the input power can improve the power received by receiver side and the
distance as current is correlated with magnetic field. Besides that, a current amplifier
could increases the performance at the receiver side. In addition, a redesign coil can

amplify the electromagnetic force at the receiver side, according to Faraday's Law of
Magnetic Induction.



CHAPTER 5

CONCLUSION & RECOMMENDATION

5.1. CONCLUSION

The objective of understanding the principle behind the wireless power transmission
using the Inductive coupling technique is achieved. A comprehensive literature review
has been revised to analyze the previous works of magnetic resonance coupling
theory and technique.

Furthermore, to develop a working prototype of Inductive coupled wireless power
transmission using AC supply as input was also accomplished. The prototype has
successfully charged a mobile phone using AC supply at 4 cm. In addition, analysis
and testing has been conducted on the Inductive coupling based on two parameters:

efficiency and distance.

In conclusion, this research on wireless power transmission using PV module has
been investigated and interpreted comprehensively through prototype demonstration
and experimentation. The theoretical study and experiment result have proved the
energy transmission is viable using resonance Inductive coupling and will excite more

applications in the future.

5.2. RECOMMENDATION OF FUTURE WORKS

The integration of these two fields, wireless power transmission is still underdeveloped
which is part of the motivation of this objective. There are ample of spaces for further
enhancement. For future study, study on charging multiple load devices can improve
the usability of the system. Besides that, research on power efficiency, critical coupling
can be conducted to improve the system's practicality and reduce the power losses.

Furthermore, coil design for better efficiency can be one of the research areas.
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