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ABSTRACT 

Throughout this thesis, I will explore wireless power transfer (WPT) 

systems based on resonant inductive coupling. Compensation topologies, 

coil parameters and other significant parameters such as coupling 

efficiency, operating frequency, and the effect of ferrite backing will be 

analyzed as well. A circular coil is selected due to its symmetrical field and 

efficiency advantages. Series–Series (SS) compensation topology is taken 

into account due to its simplicity and voltage stability. Simulation tools like 

ANSYS Maxwell and LTspice are used to supplement theoretical analysis. 

Power point is used for design. A full circuit design and physical model of 

the coil will then be developed in the subsequent stage based on the 

findings elaborated. 
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INTRODUCTION 

This thesis deals with the design and simulation of a resonant inductive coupling wireless 

charging system. When current pass through a transmitter coil, it generates a magnetic 

field. If a receiver coil is placed within the effective distance of this magnetic field energy 

can be transferred between the two coils back and forth without physical contact. 

The system's performance depends on coil shape, turns, and spacing between the coils 

and also the backing material or shield. Amongst the numerous coil shapes, the circular 

coil is used in this study due to its symmetrical magnetic field and higher coupling 

efficiency. Series–Series (SS) compensation topology is utilized for its simplicity, voltage 

stability, and efficient transmission of power at resonance. 

To analyze the system parameters, a simulation model is created with computer software 

such as ANSYS Maxwell and LTspice. These software tools are used to conduct a 

detailed analysis of electromagnetic behavior, circuit performance, and efficiency of 

coupling. Other quantities such as coil heating, voltage regulation, power loss, quality 

factor, mutual inductance, and efficiency are computed from the results of the simulation. 

The aim of this thesis is to study whether a resonant inductive coupling-based wireless 

power transfer system can enable efficient and stable energy transfer that is suitable for 

real-world applications. The aim includes identifying important parameters influencing 

performance and testing them in simulations.  

Chapter 1 presents an overview of wireless power transfer, its background and history, 

types, benefits, drawbacks, and applications. Chapter 2 presents inductive, resonant, and 

radiative power transfer technique theories. Chapter 3 is the design theory, i.e., the effect 

of coil parameters, compensation topologies, and optimization methods for coupling 

efficiency. Chapter 4 include the creation of the prototype, transmitter and receiver 

circuits, experimental measurements, and investigation of the system's practical 

applicability. Finally, Chapter 5 summarizes the findings and suggests possible directions 

for future research in advancing wireless power systems towards broader application.  
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1. WIRELESS POWER TRANSFER(WPT) 

Wireless power transfer (WPT) technologies have revolutionized how energy is 

transferred to devices, and this encourages cable-free alternatives that will increase the 

user experience and device lifespan. Wireless power transmission is a concept born from 

the electromagnetic experiments of the 19th century, but, quite recently, technology have 

been enhanced for application in our everyday lives. WPT nowadays is a game-changer 

in charging consumer electronics, medical devices, and even electric vehicles. The 

general principle of this technology is wireless power transfer or energy transfer over a 

distance without the use of a mechanical connector. 

1.1 CHALLENGES AND LIMITATIONS OF WIRELESS 

POWER TRANSFER SYSTEMS 

1.1.1 Power Transfer Efficiency Limits 

Modern consumer wireless charging (typically Qi standard) operates at a significantly 

lower efficiency than wired charging. Under ideal alignment, Qi inductive chargers reach 

around 60–70% conversion efficiency in delivering energy to the battery. (1) 

Improvements in design and control have gradually raised this to roughly 75% in recent 

devices (up from ~60% in early implementations). By comparison, wired charging often 

exceeds 85–90% efficiency. The gap represents energy lost as heat during inductive 

transfer. In practice, the advertised “peak” efficiency is only achieved at perfect coil 

alignment and minimal gap. Any deviation (misalignment or increased distance) causes 

the coupling to drop and efficiency to fall further. For example, alternative resonant 

methods (e.g. AirFuel Resonant) offer more positioning freedom but can see efficiency 

dip below 50% when charging multiple devices or at non-optimal positioning. Overall, 

wireless charging trades some efficiency for convenience, and engineers continually seek 

to narrow this gap through better coil designs, adaptive tuning, and alignment 

mechanisms. 

1.1.2 Coil Size Constraints on Design & Performance 

Modern wireless charging in consumers is less efficient than wired charging. In optimal 

alignment, Qi inductive chargers achieve around 60% efficiency in charging the battery. 

Improved design and control have gradually boosted this to around 70% in more recent 

devices. (2)Wired charging is over 85–90% efficiency. Gap is heat lost energy at 

inductive transfer. The commercial "peak" efficiency is achieved at perfect coil alignment 

and small gap. Any deviation (mis-alignment or larger distance) decreases the coupling 

and efficiency more. For example, other resonant methods (e.g. AirFuel Resonant) offer 

increased positioning tolerance but sacrifice efficiency below 50% at charging of multiple 
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devices or non-optimal positioning. Generally speaking, wireless charging does lose some 

efficiency for convenience, and the engineers are constantly trying to eliminate this gap 

with enhanced coil design, adaptive tuning, and alignment systems. 

1.1.3 Sensitivity to Misalignment and Distance 

Wireless charging is extremely sensitive to the relative positions of the coils. In inductive 

coupling, the coil spacing must be very small (on the order of just a few millimeters) in 

order to transfer efficiently. (3)Mutual inductance (and magnetic field strength) decreases 

heavily with gap – although the Qi spec permits up to 4 cm apart, it is necessary in reality 

to have a close gap usually less than 5mm (eg via thin phone case) in order to be 

reasonably efficient. Even within this gap, lateral misalignment (side-way, not forward 

and backward) reduces coupling hugely. (4)When two 30 mm diameter planar coils are 

accurately placed close to one another, coupling factor k can be raised between 0.5–0.6, 

but placing them horizontally off-center lowers k below 0.3. That is, intercepted flux 

captured by the receiver can fall by half or more under considerable misalignment. This 

means an immediate reduced induced power and increased loss in terms of heat Practical 

chargers thus often require accurate placement of phones in order to begin charging at 

maximum power. Subsequent designs mitigate this with multi-coil charging pads 

dynamically swap or overlap coils to expand the effective charging area and magnetic 

alignment in fact snap the device into its best position with high coupling achieved. These 

measures mitigate that misalignment, even slight gap of a few millimeters, can trigger 

slowing or even complete prevention of charging. In small IoT devices, misalignment is 

even more problematic. A small difference can proportionally reduce coupling much 

more when coils are already small. Strong wireless designs thus employ techniques like 

coil ferrites, guided alignment, or resonant coupling to reduce sensitivity to position. 

Resonant inductive systems can accommodate a small amount of distance and off center 

location with the transfer of energy via resonant fields but must be finely tuned and lose 

efficiency with increased misalignment. 

1.1.4 Thermal Management and Material Constraints 

Eddy currents in a conductive phone back lose energy in the form of heat. A non-

conductive back like glass prevents these losses. Inefficiencies in WPT also manifest as 

heat in the charger and device, placing practical limits on power levels and requiring 

careful thermal control. Resistive heating of the coils is one of the reason. The large AC 

currents can cause loss by resistance of the coil create ohmic losses (I²R heating). (5)This 

is magnified if the coil is constructed of thin wires or PCB traces. Another major source 

is eddy currents in neighboring metal items. If there is a conductive item that lies in the 

magnetic field, it will create currents that dissipate energy as heat. A metal phone back, 

for example, can "siphon" some of the field and decrease the power transferred and heat 

itself up ann but a plastic or glass back is not conductive and won't take these currents, 
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stopping that loss. (6) As a result, new phones generally employed glass backs so that 

most efficient wireless charging could be possible and hot spots avoided. Charges also 

must sense and block foreign object heating –the Qi standard specifies mandatory Foreign 

Object Detection (FOD) (7)which interrupts power transmission if an inappropriate metal 

object is sensed, in order to avoid unsafe heating of items like coins or foil. Thermal limits 

also mean that if the coupling is poor (off-center), the system will lose more energy as 

heat. Chargers and devices contain temperature sensors and will throttle or cut off 

charging if temperatures get too high above safe levels. Actually, too much heat will break 

up a wireless charging session: e.g., misalignment causing an excessive power loss will 

trigger thermal protection and the phone will stop charging until it has cooled down. In 

order to minimize losses, ferrite shields are utilized by designers under coils. A ferrite 

backing concentrates magnetic flux onto the receiver coil and off of device electronics, 

providing greatly increased coupling and reduced stray eddy currents in metal 

components. Ferrite layers (typically 0.5–2 mm thick) are common in charger pads and 

device coils because they not only improve efficiency but also protect sensitive 

components from magnetic interference. High-permeability, low-conductivity materials 

(for example, ferrite or similar soft magnetic composites) are thus an essential 

specification for use in order to provide efficiency and safety in wireless charging 

schemes in compact designs. Technologies of thermal management, ranging from metal-

insulating phone designs through intelligent power control, are all responses to the natural 

reality that wireless charging dissipates more power as heat than wired charging does, 

and that this has to be controlled for safety and for device lifetime. 

1.2 AIM OF SOLUTION 

 

The developed wireless charging system in this thesis is designed for devices at low to 

moderate power, typically on the order of tens of watts. Such devices are usual consumer 

electronics such as smartphones, smartwatches, and IoT devices, which require efficient 

charging without physical contact. Since such devices generally operate close to the 

charging pad, typically a few millimeters to centimeters, the system is intended for near-

field wireless power transfer. To provide maximum efficiency and stable energy 

transmission under this condition, particular care is given in the selection of coil diameter 

of around 5cm. With the right selection of coil size, magnetic coupling is enhanced, 

energy loss is reduced, and steady operation over limited ranges is attained. 

 

1.3 HISTORY 

(8)Wireless power transfer was started in the 19th century when Nikola Tesla tried to 

transmit power wirelessly by using the Tesla Tower. He put 300 kW into a coil that was 
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resonating at a frequency of 150 kHz, but the power radiated in all directions making the 

experiment a failure. (9)After his attempt, the research on WPT took a backseat as more 

emphasis was placed on studying wireless communication and remote sensing. In the 

1940’s, Spencer Percy L invented the microwave oven. This was the start of microwave 

technology. It also was the start of the idea of getting energy from the surrounding radio 

waves to power devices like Germanium radios without batteries. 

(10)The implementation of wireless power transfer (WPT) was increased significantly by 

the end of the 20th century. It became commercially reliable in electric power 

toothbrushes in the 1990s when these devices started being sold to consumers. The initial 

devices charged via short-range electromagnetic fields. 

Research on (11)WPT increased in the 21st century with the invention of Internet of 

Things (IoT) devices, which require very little power to function. The invention of Qi for 

smartphones and other consumer electronics, electric vehicles and other power devices 

saw mass adoption. Apple and Samsung took strong interest in WPT which led to the 

further popularity and adoption of WPT in the form of stationary body mounts and even 

vehicles. With time, power devices saw improvement in both distance and charging 

efficiency. 

As of now, the range of WPT devices is being researched and developed for electric 

powered vehicles, IoT components, and even solar panels in space. Present systems are 

being developed with integrated WPT for ease, but systems of the future will rely on 

longer ranges and higher efficiency. 

 

1.4 TYPES OF WIRELESS POWER TRANSFER 

(12)Changes in distance from the radiating source can result different characteristics of 

electromagnetic waves. Wireless power transfer methods can be grouped into 3 types 

based on the different distances they can achieve.  

1. Near field 

2. Mid field  

3.  Far field 

1.4.1 Near Field 

Non-radiative electromagnetic fields are utilized for short-range distance power transfer, 

also known as Near-field WPT. (13)It is performed typically within the range of a few 

centimeters, as it is the distance perfected for power transfer with the utmost efficiency. 

From a specific distance, energy can be transmitted from the transmitter to the receiver 

utilizing electric or magnetic fields. This is used in consumer electronics and medical 

devices. Inductive coupling, resonant inductive coupling, and capacitive coupling are all 

forms of Near-field WPT.  
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1.4.2 Mid field 

With a range of a few centimeters to several meters, Mid-field WTP makes use of partially 

radiative electromagnetic waves while also retaining some non-radiative characteristics. 

Applications require a range that is too far for Near-field WTP but too close for Far-field 

WTP, primarily use Mid-field WTP. Mid-field WTP might be suitable for medium range 

applications as they have better power efficiency than Far-field WTP. 

1.4.3 Far field 

Far-field WPT can reach from several meters to kilometers, utilizing power transmission 

with radio waves, lasers, and microwaves. (14)This method is ideal for low power devices 

where physical connections are impossible as it can reach long ranges. Far-field type 

WPT include Radio frequency, Laser, and Microwave power transfer. 

 

 

 

1.5 ADVATAGES AND LIMITATIONS OF WPT 

1.5.1 Benefits of WPT 

Unlike conventional power transfer, wireless charge has added convenience. It can be 

transferred through the air without the hassle of cables. This form of transfer is especially 

beneficial for electric vehicles and medical devices that require frequent charging. (15) 

 

Eliminates Frequent Malfunction – With the absence of physical connectors, devices can 

last longer than their expected lifespan without physical damages like destroyed ports or 

broken wires. (16) 

 

Elevated Protection – WPT greatly minimizes the chances of shocks, short circuits, and 

wires being exposed over the surface which is why these systems are used widely in 

underwater systems and hospitals. 

 

Effective In Remote Regions – Certain types of wireless power can be transferred over 

medium-range distances without direct contact, which is especially beneficial in aid 

reliefs. 

 

Ideal For Spaces Lacking Wiring – WPT is preferable in areas with the absence of basic 

wiring systems like underwater sensors, space stations, and implanted medical devices. 
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1.5.2 Drawbacks of Wireless Charging 

 

Efficiency - Compared to wired power transfer, wireless is less effective since it 

transforms a larger percentage of energy as heat. (16) 

 

Restricted Coverage - Current technology of wireless charging works with acceptable 

efficiency only in short distances. As the distance between the transmitter and receiver 

increases, the power received decreases. 

 

Increased Expense - The installation and maintenance costs of wireless charging systems 

are higher. 

 

1.6 APPLICATION 

Consumer electronics - WPT is widely used for charging devices like smartphones, 

laptops, wearables, and also used for standing devices such as TVs, keyboards, and 

wireless speakers. (14) 

 

Automotive and Cities - WPT is used for charging electric vehicles (EVs) both at home 

and in parking garages, while also enabling in-vehicle charging for mobile devices. The 

technology also could support cities where streetlights, environmental sensors, and 

connected infrastructure benefit from wireless power. 

 

Industrial Use - (14)in powering robots, automated machinery, and cordless tools, 

reducing the need for battery replacements and complex wiring. Moreover, it improve 

efficiency in factories and warehouses by enhancing the charging of mobile robots and 

autonomous vehicles,  

 

Medical Field – With use of WPT, it can provide  required energy for medical tools that 

require constant energy for patient care such as implantable devices like pacemakers 

and as well as devices like hearing aids. (17) 

 

Military applications - Portable devices, sensors, and drones, enabling high-tech 

operations which are inconvience with battery.  
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Space Exploration- Transmitting energy from satellites to Earth or powering devices in 

space stations. WPT can also be used for remote areas with difficulty to supply power 

by traditional method. 
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2. FUNDAMENTAL THEORIES OF WIRELESS 

POWER TRANSFER 

2.1 Basic theory of wireless power transfer 

WPT use transmitters to transmit energy by antennas or coils in electromagnetic field or 

wave form wirelessly (e.g. Electromagnetic or radiation). Receiver captures the 

transmitted energy and converts it back into electrical power.  Distance of power transfer 

and efficiency can be different based on the type of WPT. There are three different types 

based on method of power transfer. (18) 

1. Inductive WPT 

2. Resonannce WPT 

3. Radiated WPT 

 

 

 

Fig. 2.1(12)Basic theory of wireless power transfer 

 

2.2 Inductive WPT 

Electromagnetic Induction 

(19)In this method, transmitter is connected to power source which allow alternating 

current goes through the coil. This current create magnetic field around the coil. Faraday’s 

law state that when receiver coil is placed in the magnetic field, receiver coil receive 

voltage induction. This process creates an electric current at the receiver and then it is 

transformed into DC from AC to power devices and batteries. Electromagnetic induction 

is highly efficient for a few millimeters to centimeters typically. Electromagnetic 

induction is commonly used in smartphone wireless chargers, electric toothbrush 

chargers, medical implants, and inductive stovetops. However, the coils must be properly 

aligned for efficient power transfer. 
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Fig. 2.2 (20)Electromagnetic induction WPT 

Electrostatic Induction 

(21)Electrostatic induction method uses capacitors(conductive plates) whereas coils are 

used in electromagnetic power transfer method. AC is applied on oscillators and high 

frequency AC is produced. (19) It results the Maxwell’s displacement current in the 

dielectric between the plates. This current allows energy to be transferred between P1 and 

P2 wirelessly. AC at P2 is converted to DC by the rectifier. P3 and P4 help to reduce 

energy loss and providing reference potential and ground for stable operation. 

 

Fig. 2.3 (21) Wireless power transfer by electrostatic induction 

 

2.3 Resonance WPT 

(22)Resonance WPT is produced based on the idea of inductive WPT. It offers longer 

range and less sensitivity to misalignment compare to inductive WPT. Resonance 
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frequency is added to transfer power efficiently between coils at the same frequency. 

Drawback is this system needs precise frequency tuning which is extra complexity.  Well 

known types of resonance WPT methods are (23) 

1. Electromagnetic resonance 

2. Capacitive Resonance 

3. Evanescent Wave coupling 

 

Fig. 2.4 (23) Capacitive Resonance WPT 

 

 

2.4 Radiated WPT 

This is far-field type of WPT. Radiated WPT use radio waves, microwaves, lasers to 

transfer energy through space. Radiated WPT is very useful in space application s such 

as satellite power transmission. (10) 

Microwave - High frequency microwaves (GHz) are used to transfer power long  distance. 

Laser – Laser beams are captured by photovoltaic receiver. For example solar panel. 
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Radio Frequency – Low energy devices like IoT sensors and RFID tags use this method. 

Radio waves propagate through space to receiver. 

 

There are a few disadvatages. A lot of energy is lost as waves scatter in free space. 

Microwave and laser can cause health issues. 

 

 

 

Fig. 2.5 (20) Radio Wave WPT 
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3. DESIGN THEORY 

In this thesis, I will be focusing on resonant inductive power transfer type. This type use 

electromagnetic wave and resonant helps to achieve the maximum power transfer.  

 

3.1 Softwares used for simulation 

To support the theoretical analysis and validate the wireless power transfer (WPT) system 

design, multiple simulation tools were used.  

 

ANSYS Maxwell 3D  

This is used for electromagnetic field simulation to model and analyze the magnetic 

coupling between transmitter and receiver coils. This tool can simulate almost accurate 

data of flux distribution, coupling coefficient, and mutual inductance values under various 

geometric and material configurations. 

 

Ltspice 

Ltspice was free and great tool for circuit-level design and testing. It was used to simulate 

the resonant circuit behavior, including tuning capacitors, parasitic resistances, and 

voltage/current waveforms. 

3.2 Factors Affecting Coupling Efficiency in Resonant 

Inductive Power Transfer 

3.2.1 Shape of the coil influence on WPT 

Fig. 3.1 is the square shape coil and Fig. 3.3 is the circular shape coil simulated in Ansys 

Maxwell. They have 10mm width and length, 1mA current and 10kHz frequency.  

The comparison between square and circular coil shapes reveals that coil geometry 

significantly influences wireless power transfer efficiency. The circular coil has coupling 

coefficient 0.4 at 1mm distance and maintains stronger coupling over increased distances. 

Meanwhile the square coil starts at a lower coupling coefficient 0.3 at 1 mm and 

experiences a more rapid decline in efficiency as the separation increases. Square coil is 

higher in resistive loss. This is due to the circular coil’s more symmetrical magnetic field 

distribution. These results suggest that circular coils are more effective for stable and 
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efficient WPT, particularly when slight misalignments or variations in distance are 

expected. 

Because of its better efficiency and symmetrical magnetic field, circular coils are used in 

wireless chargers. Square coils work better in flat or small devices where a more 

rectangular design is necessary due to space limits such as PCBs and smart cards. 

 

 

Fig. 3.1 Square shape coil 

 

Fig. 3.2 Square shape coil coefficient(k) and distance 
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Fig. 3.3 Circular Coil without ferrite shield 

 

 

Fig. 3.4 Coupling coefficient of circular shape coil without shielding 

 

Table 3.1 Square and circular coil comparison 

Feature Square coil Circular Coil 

Coupling coefficient at 

1mm 

31% 45% 

Coupling Decay rate Faster Slower 

Efficiency at higher gap Lower Higher 

Misalignment tolerance Higher Lower 

 

3.2.2 Improving Coil Performance with Ferrite Backing in WPT 
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Ferrite has high magnetic permeability and it can guide and concentrate magnetic flux. 

By placing a ferrite plate under the coil, it redirects the magnetic field towards the receiver 

coil and increase the magnetic field intensity. With the magnetic field more focused and 

better aligned, the mutual inductance between the transmitting and receiving coils 

increases. 

Ferrite also act as shield. If there are metal parts or electric current near the WPT system 

the magnetic field can induce eddy current, which waste energy as heat. 

The ferrite plate prevents the magnetic field from penetrating into nearby conductive 

surfaces. This reduce interference and energy loss. 

Fig. 3.5 and Fig. 3.3 is simulation of 1000turns coil in Ansys Maxwell 3D at 1mA current 

and 10kHz frequency. Coil width is 20mm and middle hole is 8mm width. In Fig. 3.5 

when a ferrite plate is placed beneath the coils, the coupling coefficient (k) at a 1 mm 

distance is approximately 78% and graph decreases more gradually with distance, 

maintaining better efficiency up to 10 mm.. In the model with the ferrite plate Fig. 3.7, 

the magnetic flux is concentrated between the transmitting and receiving coils, forming a 

focused hourglass-shaped field along the Z-axis. The maximum magnetic flux density 

reaches approximately 618 µT, indicating a strong and well-directed field. 

 

Fig. 3.5 Circular shape coil with shielding 
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Fig. 3.6 Coupling coefficient of circular shape coil with ferrite shielding 

 

 

Fig. 3.7Magnetic field at 45deg phase with ferrite 

Fig. 3.3 is the WPT without ferrite or any other shielding material. Coupling coefficient 

wihthout ferrite (Fig. 3.4) shows around 40% coupling efficiency at 1mm distance. 

Coupling efficiency drop to nearly half amount due to lack of ferrite shielding. The 

model without ferrite (Fig. 3.8) shows a significantly weaker field compare to coil with 

ferrite. It has a peak of around 125 µT, and the magnetic flux spreads widely in all 

directions, resulting in substantial leakage. This dispersed field leads to poor coupling 

and lower power transfer efficiency. These results are proving that ferrite materials 

enhance WPT performance by minimizing magnetic field leakage, improving mutual 

inductance, and ensuring more stable operation across short distances. 
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Fig. 3.8Magnetic field at 45deg phase without shielding 

 

Other materials can be used instead of ferrite back. For example Manganese-Zinc 

ceramics, Soft magnetic composite, Amorphous metal etc.. But still ferrite is the most 

commonly used backing material in the wireless power transfer (WPT) market due to its 

practical and efficient properties. Ferrite offers low electrical conductivity minimizing 

the eddy current losses. It has low cost compare to other materials and high magnetic 

permeability 

3.2.3 Impact of Coil Size and Turns on Wireless Power Transfer 

Efficiency 

 

The radius of the coil can influence coupling coefficient and overall efficiency of Wireless 

Power Transfer (WPT). A larger coil radius generally increases the area for magnetic 

flux. This enhance the mutual inductance between the transmitter and receiver coils. 

Larger coils can capture more magnetic field lines which can lead to better power transfer 

efficiency over moderate distances. However, this benefit comes with trade offs. If the 

coil size is not well-matched between the transmitter and receiver, excessively large coil 

may lead to higher parasitic resistance, increased energy loss and magnetic field 

dispersion. Moreover, mismatched or overly large coils may suffer from increased flux 

leakage which lowers the actual energy transferred. Therefore, while increasing coil 

radius can enhance coupling and efficiency, it must be carefully optimized based on 

operating frequency, distance, and the physical constraints of the system to achieve the 

best possible performance. 

50mm radius and 10mm radius coils are simulated in Ansys. Both have same current 1mA 

and 10kHz radius. Results are shown below.  
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Fig. 3.9 50mm radius coil 

 

 

Fig. 3.10 50mm radius coil coupling coefficient and distance graph 
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Fig. 3.11 10mm radius coil coefficient and distance graph 

 

 

Table 3.2 Comparison of 50mm coil and 10mm coil 

Radius of coil 50mm  10mm 

Current, Frequency 1mA, 10kHz 1mA, 10kHz 

k at 1mm distance 57% 45% 

k at 5mm distance 42% 10% 

Coupling stability High Low 

Distance sensitivity Low High 

Powerloss due to 

resistance 

High Low 

Size Bulky Compact 

 

3.2.4 Frequency and Load  

 

The connected load and the operating frequency are important factors that affect the 

overall performance, efficiency, and stability of Wireless Power Transfer (WPT) 

systems. This section examines how coupling, power efficiency, and system response in 
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resonant inductive WPT systems are affected by changes in frequency and load 

circumstances. 

 

 

Fig. 3.12 Simple circuit for WPT 

 

For transmitter circuit,  

𝑉 = 𝐼1𝑅1 +
𝐼1

𝑗𝜔𝐶1
+ 𝐼1(𝑗𝑤𝐿1) − 𝐼2(𝑗𝑤𝑀) 

3.1 

 

For receiver circuit,  

𝐼1(𝑗𝑤𝑀) = 𝐼2(𝑗𝜔𝐿2) +
𝐼2

𝑗𝜔𝐶2
+ 𝐼2𝑅𝐿𝑜𝑎𝑑 

3.2 

 

 

 

V is the voltage supply from the voltage source. 𝐼1 is the current in the transmitter circuit. 

𝑅1 is the resistance of the coil.  𝐿1 is inductance of the transmitter coil. 𝐼2 is the current 

in the receiver circuit. 𝐶1is capacitance in transmitter and 𝐶2is capacitance in transmitter. 

M is mutual inductance. M is calculate as in 3.3. 𝐿2is the inductance of receiver coil.  

 

𝑀 = 𝑘√𝐿1𝐿2 3.3 

 

At resonant frequency, 

𝑓𝑟 =  
1

2𝜋√𝐿𝐶
 

3.4 
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XL1
= XC1

 and XL2
= XC2

 

 

After cancelling out the inductance and capacitance, equation 3.1 and equation 3.2 can be 

written as respectively.  

𝑉 = 𝐼1𝑅1 − 𝐼2(𝑗𝑤𝑀) 3.5 

  

𝐼1(𝑗𝑤𝑀) = 𝐼2𝑅𝐿𝑜𝑎𝑑 3.6 

 

Power output of the circuit is  

𝑃2 = 𝐼2
2𝑅2  

 

Power output and power input ratio can be written as 

  

𝑃2

𝑃1
=

𝜔2𝑘2𝐿1𝐿2

𝑅1𝑅2
 

3.7 

𝑃2is power output and 𝑃1 is power input. 𝜔 is  𝜔 = 2𝜋𝑓𝛾.  

According to the shown equation, power efficiency can be improved by increasing the 

resonant frequency of the WPT system or decreasing the resistance of transmitter circuit 

or using the small resistance load.  

For increasing the frequency, safety precautions needs to be aware as high frequency can 

cause health issues. (24) Typical frequency bands for WPT are 19 - 21 kHz, 59 - 61 kHz, 

100 - 300 kHz and 6,765 - 6,795 MHz.  

 

Table 3.3  Different frequency bands for WPT (25) 

Frequency 

Band 

Typical Use in WPT Advantages Disadvantages 

<135 kHz 

(Low 

Frequency) 

Industrial tools, 

legacy systems 

Deep penetration, 

safe for human 

proximity 

Large coil size, bulky 

systems, lower 

efficiency 
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100–205 kHz Qi wireless charging 

(phones, 

smartwatches) 

Standardized, 

efficient at short 

range 

Sensitive to 

misalignment, limited 

distance 

6.78 MHz 

(ISM Band) 

AirFuel resonant 

charging, mid-range 

WPT 

Small coils, high 

efficiency via 

resonance 

Requires precise 

tuning, potential 

interference 

13.56 MHz 

(ISM Band) 

NFC, RFID, wireless 

medical implants 

Globally accepted, 

small coil/antenna 

size 

Short range, easily 

affected by 

metals/interference 

27.12 MHz 

(ISM Band) 

Medical heating, 

industrial WPT 

High power 

density, compact 

system design 

High EMI, more 

complex circuit design 

915 MHz (ISM 

Band) 

Wireless sensors, far-

field low-power WPT 

Longer range, 

decent penetration 

Increased radiation 

loss, subject to 

interference 

2.4 GHz (ISM 

Band) 

RF-based WPT, IoT, 

embedded electronics 

High data rate, 

global availability 

Poor penetration, high 

energy loss in 

materials 

5.8 GHz (ISM 

Band) 

Wireless data + 

power, microwave 

backhaul 

Wide bandwidth, 

compact antennas 

Very short range, high 

path loss 

24–30 GHz 

(K-band) 

Satellite WPT 

concepts, radar-based 

charging 

High resolution, 

directional beams 

Sensitive to 

weather/obstacles, 

high complexity 

57–71 GHz 

(V-band) 

Experimental WPT, 

short-range mmWave 

energy beaming 

Massive 

bandwidth, 

minimal cross-talk 

Extremely short 

range, sensitive to 

alignment/air 

3.3 Compensation Topologies 

3.3.1 Series–Series (SS), Series–Parallel (SP), Parallel–Series (PS), and 

Parallel–Parallel (PP) 

Wireless power transfer uses compensation networks to reduce the effect of inductive 

reactance in the coils. (26)This helps the system reach resonance and improves power 

transfer. Compensation depends on how the capacitor is placed. (27) It can be in series 

(S) or in parallel (P) with the coil. The main combinations are Series–Series (SS), Series–



33 

 

Parallel (SP), Parallel–Series (PS), and Parallel–Parallel (PP). Each setup has its own 

circuit layout, resonance behavior, impedance characteristics, and suitable applications, 

which we detail below. 

 

Series-Series (SS) Topology 

SS uses capacitors in series with both transmitter and receiver coils. It creates series 

resonance on both sides. The system transfers power efficiently at the resonant frequency. 

Easy to design. Works well with fixed loads. Delivers nearly constant output current. 

Output voltage depends on load. Draws high voltage if misaligned or no load. Needs 

protection to avoid overload. (27) 

Advantages: Simple circuit, high efficiency, stable current output. 

Disadvantages: Load-sensitive voltage, needs protection at no-load. 

 

 

Fig. 3.13 Series-Series compensation topology 

 

 

Series-Parallel (SP) Topology 

SP uses a series capacitor on the transmitter and a parallel capacitor on the receiver. Good 

for variable loads. Receiver behaves like a voltage source. (26)Output voltage is stable. 

Handles load changes better than SS. Needs careful design for tuning. May draw high 

current in the secondary tank. Used in mobile charging, implants, and mid-power devices. 

Advantages: (26)Better with variable loads, good voltage regulation. 

Disadvantages: Secondary tank stress, requires precise tuning. 
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Fig. 3.14 Series-Parallel compensation topology 

 

 

Parallel-Series (PS) Topology 

PS uses a parallel capacitor on the transmitter and a series capacitor on the receiver. Needs 

a current source to drive. (26)Good for weak coupling. High voltage gain possible. 

Delivers stable output voltage or current. Primary current is fixed. Output stays stable 

over distance. Used in dynamic EV charging, moving robots, and multi-load systems. 

Advantages: Good for weak coupling, constant voltage or current output. 

Disadvantages: Needs current source, higher design complexity. 

 

 

Fig. 3.15 Parallel-Series compensation topology 

 

 

Parallel-Parallel (PP) Topology 

PP uses parallel capacitors on both coils. Needs current source. Works as a constant 

current source. Output current stays same even if load changes. (26) Output voltage 
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depends on load. Safe with weak coupling. Low power factor. High circulating current. 

Voltage rises at no load. Needs careful control. Used in high-power battery charging and 

multi-device systems. 

Advantages: Constant current output, robust to load variation. 

Disadvantages: Low power factor, risk of high voltage at no-load. 

 

 

 

Fig. 3.16 Parallel-Parallel compensation topology 

 

3.3.2 Power Transfer Optimization Using Series-Series Compensation 

In Series–Series (SS) compensation topology both the transmitter and receiver coils are 

connected in series with capacitors (C). Each LC series loop cancels its reactance at 

resonance.  

 

Circuit Configuration & Principle 

 In an SS compensated system, a capacitor is placed in series with the primary coil and 

another in series with the secondary coil. (28)Thus both sides form series resonant circuits 

are tuned to the WPT operating frequency. At resonance, each series capacitor cancels 

the reactive impedance of its coil, so the coils and capacitors oscillate in phase. This 

creates a high-current, low-impedance path at the resonant frequency, maximizing 

magnetic coupling and power transfer. The SS topology has only one capacitor on each 

side. This make the simplest compensation network for inductive WPT. Since the series 
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resonance minimizes reactive power seen by the source, it achieves zero-phase-angle and 

often zero-voltage-switching (ZVS) operation at the inverter.  

 

Impedance Characteristics & Load Sensitivity 

A key advantage of SS compensation is that the resonant tuning of each side can be 

designed independently of coupling or load conditions. The required series capacitances 

are set by the coil inductances for the target frequency, and the resonance is not 

significantly detuned by reasonable changes in coupling or load. (28)This yields stable 

operation across a wide load range. At resonance, the reflected impedance is only the 

resistors. Notably, an SS system have a load-dependent output voltage when driven at the 

resonant frequency. The voltage across the secondary load changes as the load changes. 

In this topology, fixed load is expected.  

 

Voltage vs. Current Source Behavior 

The SS topology behaves as a voltage source at the receiver. Since the secondary LC is 

series tuned, the current through the load is the same as the coil current. At resonance the 

coil current is dictated by the primary excitation.  

On the other hand, if one were to drive the primary with a current source, the SS circuit 

would source a relatively constant current to the load (constant-current behavior). (27)SS 

is often viewed as providing a load-dependent output voltage characteristic. But it does 

not inherently limit voltage into the load. So an open circuit or high resistance load will 

draw a large voltage unless the system is controlled.  

 

Advantages  

The Series–Series network is prized for its simplicity and high efficiency. Only two 

capacitors are needed (one per coil), and the resonant condition is easy to achieve. 

Because each side is series-tuned, the VA ratings of the source and components are 

minimized at resonance (little reactive power circulates at the source) enabling easier 

zero-voltage or zero-current switching in the inverter.  

SS also tends to minimize component count and even coil size/weight. It’s noted that SS 

uses the least copper mass of the basic topologies for a given power level which is 

economically beneficial.  

(16)Another major advantage is the design decoupling mentioned earlier: one can select 

the compensation capacitors based on coil inductances alone, without needing to 

anticipate a specific load or coupling value. This makes SS very convenient for 

applications like EV chargers where the coupling can vary due to parking alignment or 

gap. The system will still resonate at the set frequency and deliver power albeit with some 
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efficiency variation. Furthermore, SS shows good efficiency even at relatively high 

operating frequencies and under light-load conditions. 

It is also stable for long primary tracks which means it can drive power into extended 

transmitter coils as long as the track is compensated segment-wise with series capacitors. 

 

Disadvantages 

While simple, the Series–Series (SS) topology is not without limitations. Its main 

drawbacks is its load-dependent output voltage. The output voltage decreases as the load 

resistance becomes lower, which makes the SS topology less than ideal for voltage 

regulation use in applications where the load varies.  

(27)The SS topology does not have current limiting inherently. Without active control or 

protective circuits, the system will experience overcurrent under fault conditions such as 

shorted or near-shorted load. The second problem is high voltage stress on series 

compensation capacitors. At resonance, especially in high resistance load, the capacitors 

may experience high reactive voltages since the quality factor (Q) of the inductor is high. 

These situations require high voltage rated capacitors. 

When the receiver is taken out or misaligned (i.e., zero coupling), the transmitter behaves 

as a lightly damped series LC circuit. In such cases, the current is limited only by coil 

resistance, producing hazardous current spikes. This is harmful to the power supply and 

necessitates a fail-safe function, e.g., detuning or inverter shutdown. Further, the SS 

topology is sensitive to frequency deviation. When the operation frequency varies from 

the design resonant frequency, power transfer as well as efficiency decrease drastically. 

Therefore, proper tracking of the frequency is essential, which is typically done with 

control loops. 

 

Typical Use Cases 

In the biomedical implant realm, SS is used if the implant can accommodate a series 

resonance. But sometimes implants use tiny series capacitors on the device coil. Research 

indicates that implants often choose either SS or SP topologies for simplicity. SS might 

be preferred if the goal is to deliver a regulated voltage to an implant for example, 

powering electronics that expect a fixed voltage. (28)Overall, SS finds use in applications 

prioritizing high efficiency and straightforward design over having inherent current 

control. 

If the system needs constant current output, high performance at very weak coupling, or 

need to charge multiple devices at once, then PS or PP might be better choices.  

3.4 Coil Design Consideration 

In this study, the circular coil shape is used for both the transmitter and the receiver. This 

shape creates a symmetrical and uniform magnetic field. A uniform field improves 
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magnetic coupling when the coils are aligned. Better coupling leads to higher power 

transfer efficiency. Compared to square or rectangular coils, circular coils produce less 

magnetic leakage. This means more power is transferred and less is wasted. Circular coils 

are also easier to design and simulate. Standard formulas for inductance and coupling are 

often based on circular geometry. This makes it easier to analyze the system. Circular 

coils are commonly used in real applications. Using circular coils allows the thesis to 

follow QI and IEEE standards. In addition, circular coils are compact and fit well in 

limited space. Overall, this shape offers strong performance, easy simulation, and 

practical relevance. That is why circular coils are chosen in this project. 

 

3.4.1 Inductance Estimation for Circular Coils Using Turns and 

Geometry 

Theoractical value of the inductance of the coil is calculated by Wheeler’s formula (29). 

 

Fig. 3.17 Wheeler's coil (29) 

𝐿 =
0.8𝑟2𝑁2

6𝑟 + 10𝑐 + 9𝑙
 

3.8 

 
 

L     = Inductance in micro henries (uH) 

N     = Number of turns 

𝑟 = mean radius of the coil in inches 

𝑐 = thickness of the coil in inches 

L = depth of coil in inches 

 

Wheeler’s formula is a widely used empirical equation to estimate the inductance of air-

core circular coils. It provides a quick and fairly accurate calculation based on the coil's 
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average radius, number of turns, and coil thickness. The formula is only suitable for 

single-layer and round wire coils. 

3.4.2 Resistive value of the coil 

Parasitic resistance value of coil is calculate as below.  

𝑅 =  
ρ. 𝑙

𝐴
 

3.9 

 

R = Resistance in ohms (Ω) 

ρ  =Resistivity of the conductor (for copper, ρ≈1.68×10^−8 Ω⋅m ) 

l   =Total length of the wire (m) 

A =Cross-sectional area of the wire (m²) 

𝑙 ≈ ( 
𝐷𝑂𝑢𝑡𝑒𝑟 + 𝐷𝑖𝑛𝑛𝑒𝑟

2
 )  × 𝜋 × 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑢𝑟𝑛𝑠 

3.10 

According to equation 3.7, power efficiency is inversely proportional to impedance of 

TX(transmitter) and RX(receiver). We desire high inductance but increasing the turns of 

coil (length of the wire increase) can improve the inductance of coil (equation 3.8) but 

using small diameter coil and long length of the wire can cause high resistance in coil 

which mean more power loss and coil will be heated (equation 3.9). Possible solution is 

to use wider diameter coil with strands (for example Lits wire). 

 

3.4.3 Inductor quality factor 

Inductor quality factor(Q) quantifies how close a coil is to being a purely inductive 

component. Higer the “Q”, the more it can store energy in the magnetic field and lesser 

the energy lost as heat. In wireless power transfer (WPT) systems, a high Q factor is 

desirable because it results the efficient energy transfer with minimal losses. 

WPT systems are usually designed to operate at a fixed resonant frequency. However, 

there can be parameter variations such as changes in capacitance, load, or air gap. This 

can cause a shift in the actual resonant frequency. This detuning results in a non-zero 

phase angle and thus reduce the power transfer efficiency. 

Formula for Q factor 

𝑄 =  
𝜔𝐿

𝑅
=  

2𝜋𝑓𝐿

𝑅
 

3.11 
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𝜔   = angular frequency 

f    = operating frequency 

L   = inductance of the coil 

R  = Wire resistance 

 

An ideal inductor has no resistive losses, leading to an infinite Q factor. However, all real 

inductors exhibit at least some resistance due to the wire material. At low frequencies, the 

resistance of solid copper wire is relatively small. But at high frequencies, skin effect 

increases the effective resistance. This is lowering the Q factor. 

To compensate this, Litz wire can be an option to use. It is composed of many thin, 

insulated strands woven together. It reduces the impact of skin effect and maintains a 

higher Q even at high frequencies. 
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4. PROTOTYPE 

4.1 Ideal Circuit 

Ideal circuit represents desire qualities in the project before adding DC to AC converter 

with 2 NMOS in TX and rectifier in RX.  

 

Fig. 4.1 Ideal circuit with TX and RX 

 

 

Fig. 4.2Current and voltage at TX 
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Fig. 4.3Current and voltage at receiver coil 

24V sine voltage and 90 degree shift in current is expected at the receiver coil.  

 

 

Fig. 4.4Current and voltage at load 

Without other components such as DC to AC converter and rectifier, current can reach 

to 1.2A. In actual circuit, the output current drops. We will discuss it in coming chapter. 

4.1 Transmitter and receiver coil 

Outer diameter of the coil is 50mm and inner diameter is 16mm. Coil is operating at 

23kHz and 100mA. 68turns and winding is used to reflect actual coil. These coils will be 

used as TX and RX coils together with the circuit. We will further investigate the nature 

of this coil in chapter 4.4.  
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Fig. 4.5 50mm diameter WPT coil with ferrite back 

4.2 System Design 

Theoractically, DC to AC converter is needed in transmitter side to transform DC source 

to AC sine wave. In receiver side, rectifier is used to supply DC voltage.  

For TX and RX coils I am simulating a 50mm diameter coil with 1mm thickness total of 

64 turns.  

For AC, current tends to flow near the outer surface of the area in the high frequencies. 

This effect is called skind depth. It is calculated as below. (30) 

𝑠𝑘𝑖𝑛 𝑑𝑒𝑝𝑡ℎ =  √
𝜌

𝜋𝑓𝜇𝑟𝜇0
 

4.1 
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𝜌 = resistivity of wire (for copper 1.724 x 10^-8 ohm/m) 

𝑓 = frequency 

𝜇𝑟 = relative permeability 

𝜇0 = permeability constant 4𝜋 × 10−7 

 

Skin depth of copper coil is calculated(equation4.1) and it is 0.436mm. In order to avoid, 

stranded wire must be used for pratical circuit.  

According to calculations from equation 3.8 and 3.9, inductance of the TX and RX coil 

is L1=L2=145uF and resistance of the coils are 0.0754ohms. Inducator quality factor is 

(equation 3.11) 278. 

Choosen resonance frequency is 24kHz because it is outside of the range of human 

hearing. Ferrite material is chosen for backing.   

 

 

Fig. 4.6 Block Diagram of a Resonant Inductive WPT System 

According to equation 3.4, compensation capacitor is calculated and it is 0.32uF. 

 

Fig. 4.7 Theoractical circuit of the system 
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4.3 Transmitter Circuit 

For converting DC to AC, 2 mosfet and self-oscillating half-bridge driver IC is used 

with compensation capacitor. IRS2153D is used for driving 2 MOSFET. Schematic of 

IC is provided by manufacturer’s data sheet as shown in sheet Low pass filters are 

implemented between DC source and VCC of IC to make sure IC receive stable voltage 

without DC spikes.  

 

Fig. 4.8 Connection diagram of IR2153D from Data sheet 

 

According to data sheet of IR2153D, calculation for Frequency of circuit is 

𝑓 =  
1

1.4 × 𝑅𝑡 × 𝐶𝑡
 

4.2 

In this transmitter circuit, 𝑅𝑡 =  𝑅1 +  𝑅𝑝𝑜𝑡𝑒𝑛𝑡𝑖𝑜𝑚𝑒𝑡𝑒𝑟 and 𝐶𝑡 = 𝐶5. The frequency is set 

at 24kHz. When HO is on, it drive M1 +24V and when LO is on, it drive M2 0V. The 

output wave form V(n005) from Fig. 4.10 represents the voltage after 2 NMOS. As we 

can see it is squarewave. After the capacitor C6, sine wave form V(n006) is obtained.  

 

 

 

Fig. 4.9 TX circuit 
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It is important to note that in SS topology, voltage is not regulated. If the receiver is absent 

or misaligned, the output voltage can be dangerously high.  

 

 

 

Fig. 4.10 Output voltage from TX 

4.4 Receiver Circuit 

According to Lspice limitations, I am substituting the DC to AC converter with simple 

voltage source providing square wave form with 24kHZ frequency. 0.6 coupling 

coefficient is choosen from RX and TX coils analysis in ANSYS. Schottky diodes are 

used for rectifier to get minimum voltage drop and they are also faster in switching. C3 

400uF is added to get smooth DC voltage at the output.  

 

Fig. 4.11 RX with Load 100ohms 

 

4.5 Experimental Results 

Following values are generated at resonance frequency 24kHz in LTspice. Coupling 

coefficient is set 1 or 0.6. Distance between TX and RX can be around 5mm due to 

insulations and etc. 0.6 coupling coefficient is taken from ANSYS simulation graph.  

Input voltage is 24V DC. 
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Load (ohm) Coupling 

coefficient(k) 

I out(A) V out (V) P out(W) 

100 0.6 0.57 57 32.49 

50 0.63 31.5 19.85 

10 0.75 7.5 5.625 

1 0.75 0.75 0.5625 

100 1 0.36 36 12.96 

50 0.36 18 6.48 

10 0.378 3.78 1.42884 

1 0.38 0.38 0.1444 

 

Table 4.1 Output voltage and current depending on Load 

Output behavior of the Series–Series (SS) wireless power transfer circuit was investigated 

as a function of various load resistances and coupling coefficients. It is seen from the 

results that the output voltage is very sensitive to the load. As the load resistance is 

decreased, the output voltage decreases. For example, when the coupling coefficient is 

0.6, the output voltage decreased from 57 V at 100 ohms to 0.75 V at 1 ohm. This testifies 

to the overall SS topology behavior, whereby voltage is not regulated under varying loads. 

The power delivered was optimal at middle load levels. At k = 0.6, the circuit delivered 

the maximum power of 32.49 W with a 100-ohm load. Under k = 1, the power delivered 

was lower under similar conditions. This may suggest that more coupling may not always 

result in better performance. Constant voltage is not provided by the SS circuit through 

changing load values, a drawback of this topology that has been known. The findings of 

this research highlight the importance of load matching and control strategy design when 

practical implementation with SS compensation is achieved. 
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Fig. 4.12 Input and output voltage at 100ohms load 

 

 

Fig. 4.13 Input and output voltage at 40ohms 

 

 

In Fig. 4.12 Input and output voltage green line is output DC voltage at the load, red 

line is input AC voltage and blue is output current. As the load impedance increases, the 

voltage at the coils increase but the current stay almost the same. We need to be aware 

of the load using in this system. Load resistance cannot be higher than 100ohms to keep 

the safe voltage under 50V.  
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Fig. 4.14 Magnetic field of coil in Log value 

 

Fig. 4.15 Magnetic field of coil in linear value 

In Fig. 4.14 Magnetic field of coil in Log value, the simulation shows the magnetic field 

distribution of a planar ferrite-backed coil at 23 kHz. The coil consists of 68 tightly wound 

turns with an inner diameter of 16 mm and an outer diameter of 50 mm. A ferrite backing 

layer is employed behind the coil to enhance the direction of magnetic flux as well as 

reduce stray field losses. 

It can be observed from the findings that the magnetic field is concentrated above and 

below the coil. The field is sufficiently confined to the space between the two ferrite-
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backed coils, indicating effective flux guidance. The use of ferrite material helps to 

confine and guide the field and reduce lateral dispersion, hence coupling efficiency is 

improved. The region of overlap between the coils, known as the center area, contains the 

highest and most uniform magnetic flux density. This is beneficial for efficient inductive 

power transfer since it ensures maximum flux crosses the receiving coil. 

Field distribution also shows minimal leakage outside the coil zone, which is critical for 

electromagnetic compatibility and minimizing losses. Symmetrical pattern of the field 

also confirms that the design is balanced and acceptable for mid-range wireless power 

transfer.  

In Fig. 4.16, we can see the coupling coefficient nearly 0.95 as we expected. After apply 

insulation, distance will be around 3mm and coefficient will be around 0.7.  

 

 

 

Fig. 4.16 Coupling coefficient plot 
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Fig. 4.17 Mutual inductance of coils 

Inductance of coils are 142uF and mutual inductance is calculated as in equation 

3.3. Calculation results match with the results from ANSYS as in Fig. 4.17 Mutual 

inductance of coils.  
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5. CONCLUSION AND FUTURE WORK 

The concept of wireless power transfer through resonant inductive coupling has been 

shown to be technically feasible but practically challenging. Simulation results from 

LTspice and ANSYS Maxwell confirmed the expected behaviors, such as the effects of 

coil geometry, coupling coefficient, and compensation parameters on voltage gain and 

transfer efficiency. Reasonably good power transfer with acceptable efficiency and 

waveform quality was obtained in the system by carefully selecting the coil size and 

tuning the resonant frequency. 

Furthermore, switching behavior of the chosen MOSFETs and gate driving constraints 

also influenced waveform quality and stability of power delivery.Experimental outputs 

confirmed constant operation at 24 kHz with satisfactory power transfer under varied 

loads and distances. Efficiency and output stability were found to be a direct function of 

coupling coefficient, coil resistance, and quality factor. Significant design parameters 

such as ferrite backing, coil diameter, and compensation capacitors were validated using 

theoretical and simulation data. 

From practical point of view, the greatest challenges was ensuring clean current 

waveforms in non-ideal coupling and nonlinear components such as rectifiers. Misaligned 

magnetic or detuned resonant was observed to cause severe waveform distortion and 

reduce system efficiency. System sensitivity to physical coil alignment, wire resistance, 

and parasitic effects at high-frequency operation must be compensated in practical 

implementation. In particular, high currents through low-resistance coils pose thermal 

challenges that require attentive thermal design and management.  

The thesis covered all the major aspects required to model and simulate a functional WPT 

system, but an overall hardware implementation was not yet available. The results are 

promising, but the exact efficiency and thermal performance have yet to be 

experimentally confirmed. The deduction can be made that the chosen topology is a viable 

and effective solution for short-range wireless power transfer, especially for controlled 

environments. Full physical implementation, gate driver optimization, temperature 

monitoring, and experimentation under variable load and alignment conditions should be 

the focus of future work. It is only then that the system's performance under actual 

application conditions can be assured. 
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ABBREVIATIONS 

WPT Wireless Power Transfer 

TX Transmitter 

RX Receiver 

SS Series–Series (compensation topology) 

SP Series–Parallel (compensation topology) 

PS Parallel–Series (compensation topology) 

PP Parallel–Parallel (compensation topology) 

DC Direct Current 

AC Alternating Current 

PCB Printed Circuit Board 

IoT Internet of Things 

EMI Electromagnetic Interference 

FOD Foreign Object Detection 

ZVS Zero Voltage Switching 

IC Integrated Circuit 

VRMS Root Mean Square Voltage 

IRMS Root Mean Square Current 

ANSYS Analysis System Software (Maxwell) 

LTspice Linear Technology SPICE Simulator 

GHz Gigahertz 

MHz Megahertz 

kHz Kilohertz 

µH Microhenry 

Ω Ohm 

µT Microtesla 

 


