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Abstract

Wireless power transfer (WPT) is leading a technological revolution, redefining how we transmit
electrical energy without the usage of cables or connectors. This exploration peeks into various WPT
systems, each offering unique benefits and applications. From magnetic inductive coupling for nearby
charging to resonant inductive coupling for power transfer across longer distances, and from capacitive
coupling for low-power needs to magnetic resonance coupling for mid-range transmission, this paper
presents an introduction to the world of WPT. Through simulations in MATLAB and Simulink, we gain
insights into various applications like consumer electronics, healthcare, automotive, and more. Looking
ahead, we foresee a future where WPT uses sustainable energy practices and creates entirely wireless
environments.
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1. INTRODUCTION

Wireless power transfer (WPT) is transforming our approach to electricity distribution by eliminating the
need for physical connectors. Through the air, power can now easily flow, offering convenience in
various applications. It is divided into different yet complementary types like Magnetic Inductive
Coupling, Resonant Inductive Coupling, Electric Field Coupling, Magnetic Resonant Coupling,
Microwave Power Transmission, RF Energy Harvesting and Ultrasound Power Transfer.

Magnetic Inductive Coupling method relies on magnetic fields to transfer power between closely spaced
coils. It's commonly seen in wireless charging pads for smartphones and electric toothbrushes. Resonant
Inductive Coupling method unlike magnetic coupling, enables power transfer over longer distances. It's
widely used in applications like wireless charging for electric vehicles. Capacitive Coupling method uses
electric fields for power transfer between closely spaced electrodes or plates. It's suitable for small
devices like medical implants and smartwatches.

Magnetic Resonance Coupling method uses magnetic resonance to transfer power between resonant coils
operating at the same frequency. It's often applied in wireless charging furniture and automotive charging
pads. Microwave and Radio Frequency (RF) WPT methods use high-frequency waves for power
transmission over long distances. They find applications in satellite communication and remote sensors.
Ultrasound WPT uses sound waves for power transfer, enabling applications in underwater gadgets and
medical implants. In this paper, we will discuss on three distinct types of wireless power transfer (WPT)
technologies: magnetic resonant, inductive, and capacitive type of Wireless Power Transfer.

IJFMR240216373 Volume 6, Issue 2, March-April 2024 1



https://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijffmr.com e Email: editor@ijfmr.com

2. SYSTEM DETAILS
1. Objectives
Understanding WPT Systems: To look into magnetic inductive, resonant inductive, capacitive, and
magnetic resonance coupling, highlighting their performance under various metric considerations.
Insights via Simulations: Usage MATLAB and Simulink oriented simulations to analyze the behavior
and performance of WPT systems, focusing on efficiency and application suitability.
Future Prospects: Intend for a future where WPT mingles into daily life, driven by sustainable energy
practices, and creating entirely wireless environments.
2. Block Diagram

Fig 1 depicts the block diagram of any generic wireless power transfer setup
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Fig 1 Block Diagram
3. Working Principle
The working principle of a generic Wireless Power Transfer (WPT) circuit includes the transmission of
electrical energy from a source (transmitter) to a receiver without the need for physical connections.
While the specific mechanisms vary depending on the type of WPT technology, the fundamental
principles remain consistent:
Energy Generation: In the transmitter circuit, an AC power source or other energy generation device
produces an oscillating electromagnetic field or wave.
Coupling: The generated electromagnetic field interacts with a corresponding receiver circuit through
coupling elements such as coils, antennas, or electrodes. This coupling mechanism allows for the
transfer of energy across a certain distance.
Induction or Radiation: In inductive coupling, energy transfer primarily occurs through mutual induction
between the transmitter and receiver coils, where the changing magnetic field induces a voltage in the
receiver coil. In RF and microwave WPT, electromagnetic waves are radiated from the transmitter and
captured by the receiver's antenna. In capacitive coupling, electric fields between closely spaced
electrodes induce a voltage in the receiver.
Rectification and Regulation: Once energy is received by the receiver circuit, it undergoes rectification
to convert the AC signal into DC, suitable for powering electronic devices. Additionally, the received
voltage may be regulated to match the requirements of the load or application.
Load Utilization: The regulated DC voltage is then used to power the intended load, such as consumer
electronics, medical devices, or industrial equipment.
Feedback and Control: In some WPT systems, feedback mechanisms may be employed to optimize
power transfer efficiency, adjust coupling parameters, or make sure of the safe operation. This may
include monitoring parameters like voltage, current, or impedance and adjusting circuit elements
accordingly.
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Safety Considerations: Safety features, such as overcurrent protection, temperature monitoring, and
isolation techniques, are often included to make sure of the the reliability and safety of the WPT system,
particularly in applications involving human interaction.

4. Types and ranges

Coupling Type Range Real-Life Examples
Magnetic Inductive . Inductive charging pads for smartphones, electric
. Near-Field
Coupling toothbrushes
Resonant Inductive Near-Field Wireless charging for electric vehicles, consumer
Coupling electronics
Electric Field Coupling Near-Field Wearable devices, medical implants
Magnetic Resonant : : : . . i
g . Mid-Range Wireless charging furniture, automotive charging pads
Coupling
Microwave Power Far-Field Wireless power beaming for satellite propulsion, remote
Transmission power delivery
RF Energy Harvesting Far-Field Powering low-power electronic devices, 10T sensors
Acoustic Underwater gadgets, medical implants, harsh
Ultrasound Power Transfer : g_ g _p
Coupling environment electronics

3. INDUCTIVE COUPLING
A. Circuit Schematic

Table 1. Types, range and examples of WPT
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Fig 2. WPT circuit for Inductive coupling method
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. Circuit connections
Transmitter Circuit:
The transmitter circuit includes a power source (e.g., AC mains or a DC power supply), a power
amplifier, and a transmitter coil (L1).
The power source provides the input electrical power to the circuit.
The power amplifier amplifies the input signal to the desired level for efficient power transfer.
The transmitter coil (L1) generates a magnetic field when current flows through it, facilitating
wireless power transfer to the receiver coil.
Receiver Circuit:
The receiver circuit consists of a receiver coil (L2), a rectifier circuit, and a smoothing capacitor.
The receiver coil (L2) captures the magnetic field generated by the transmitter coil and converts it
into electrical energy.
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e The rectifier circuit converts the alternating current induced in the receiver coil into direct current
(DC) suitable for powering the load.

e The smoothing capacitor filters the rectified output to make sure of the steady DC voltage.
Variable Inductance Element:

e In this simulation, a variable inductance (L_variable) is introduced in the receiver circuit to
demonstrate its impact on wireless power transfer.

e The variable inductance allows tuning of the receiver coil's effective inductance, enabling
optimization of the system's resonance frequency for enhanced power transfer efficiency.

C. MATLAB waveforms
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Fig 3. Power Transfer Efficiency vs. Frequency
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Fig 9. Stability vs. Frequency

D. Performance metrics

For all the simulations explored in this paper, the following are the performance metrics of
consideration:

1.

Power Transfer Efficiency vs. Frequency:

Metric Explanation: Power transfer efficiency measures the effectiveness of transferring electrical
power from the transmitter to the receiver coils.

Why Chosen: Efficiency is a fundamental metric as it indicates how much of the transmitted power
is successfully received and used by the receiver.

Inference: Higher efficiency implies better utilization of transmitted power and overall system
performance. Changes in efficiency with frequency can indicate resonance tuning effects and
optimal operating frequencies.s

Voltage Profile Across Coils:

Metric Explanation: This metric displays the voltage levels across the transmitter and receiver coils.
Why Chosen: \oltage profiles provide insight into the induced voltages in the coils, which directly
affect power transfer.
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e Inference: Comparing voltage profiles helps understand how the magnetic field induced by the
transmitter coil influences the voltage induced in the receiver coil, aiding in optimizing coil design
and alignment.

3. Current Profile Across Coils:

e Metric Explanation: Current profiles depict the flow of electrical current through the transmitter and
receiver coils.

e Why Chosen: Current profiles reveal the amount of power being transferred and how it distributes
between the transmitter and receiver.

e Inference: Analyzing current profiles assists in optimizing coil design and operating conditions to
maximize power transfer while minimizing losses.

4. Q-factor vs. Frequency:

e Metric Explanation: The quality factor (Q-factor) measures the selectivity and efficiency of the
resonant circuit.

e Why Chosen: Q-factor indicates how sharply the resonance curve peaks, reflecting the system's
ability to efficiently transfer power at its resonant frequency.

e Inference: Higher Q-factor signifies better resonance characteristics, implying improved power
transfer efficiency and selectivity around the resonant frequency.

5. Impedance Matching:

e Metric Explanation: Impedance matching make sure of thes maximum power transfer between the
transmitter and receiver coils by minimizing reflection losses.

e Why Chosen: Proper impedance matching optimizes power transfer efficiency and reduces losses in
the system.

e Inference: Deviations from ideal impedance matching can lead to power losses and reduced
efficiency, highlighting the importance of tuning circuit parameters for optimal performance.

6. Power Losses vs. Frequency:

e Metric Explanation: Power losses represent the percentage of transmitted power that is dissipated as
heat or lost due to inefficiencies.

e Why Chosen: Power losses quantify the efficiency of the WPT system and indicate areas for
improvement.

e Inference: Lower power losses imply higher efficiency and better utilization of transmitted power,
guiding efforts to minimize losses through circuit optimization.

7. Stability vs. Frequency:

e Metric Explanation: Stability measures the robustness and reliability of power transfer efficiency
under varying operating conditions.

e Why Chosen: Stability indicates how well the system maintains efficient power transfer despite
changes in frequency or other parameters.

e Inference: Higher stability suggests a more reliable WPT system with consistent performance across
different operating conditions, ensuring dependable power delivery.
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4. MAGNETIC RESONANT COUPLING
A. Circuit Schematic
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Fig 10. WPT circuit for Magnetic Resonant coupling method

B. Circuit connections

1. Transmitter Circuit:

e  The transmitter circuit consists of a power source (e.g., AC mains or a DC power supply), a power
amplifier, and a transmitter coil (L1).

e  The power source provides the input electrical power to the circuit.

e The power amplifier amplifies the input signal to the desired level for efficient power transfer.

e  The transmitter coil (L1) is connected to the output of the power amplifier and generates a magnetic
field when current flows through it. This magnetic field couples with the receiver coil to transfer
power wirelessly.

2. Receiver Circuit:

e  The receiver circuit includes a receiver coil (L2), a rectifier circuit, and a smoothing capacitor.

e The receiver coil (L2) is placed in close proximity to the transmitter coil and captures the magnetic
field generated by the transmitter.

e  The rectifier circuit converts the alternating current induced in the receiver coil into direct current
(DC) suitable for powering the load.

e The smoothing capacitor filters the rectified output to reduce ripple and make sure of the a steady

DC voltage.
Variable Capacitance Element:

The variable tuning capacitor (C) is connected in parallel with the receiver coil (L2).

By adjusting the capacitance of the variable capacitor, the resonant frequency of the receiver circuit
can be tuned to match the frequency of the transmitter coil, optimizing power transfer efficiency.

C. MATLAB waveforms
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Fig 11. Power Transfer Efficiency vs. Frequency
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5. CAPACITIVE COUPLING

D. Circuit Schematic

The circuit schematic for capacitive type coupling type WPT is be observed in Fig 18.

E. Circuit connections

1. Transmitter Circuit:

e The transmitter circuit consists of a power source (e.g., AC mains or a DC power supply), am
Inverter circuit and 2 coupling capacitors (Ccl & Cc2).

e The power source provides the input electrical power to the circuit.

e The Inverter Circuit Converts the Input Direct Current into Alternating Current so that wireless
power transfer is possible.

e The coupling capacitors Ccl and Cc2 are connected to the output of the inverter circuit and generates
a electric field around it when alternating current passes through.
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Fig 18. WPT circuit for Capacitive coupling method

This electric field is the medium in which the power is wirelessly transferred across the circuits.

2. Receiver Circuit:

e The receiver circuit includes two coupling capacitors (Ccl and Cc2), a rectifier circuit, and a
smoothing capacitor with the load.

o The electric field generated by the transmitter circuit is converted back into electricity by the other
parallel plates at side of the coupling capacitor at the receiver circuit.

o The rectifier circuit converts the alternating current induced in the receiver coil into direct current
(DC) suitable for powering the load.

e The smoothing capacitor filters the rectified output to reduce ripple and make sure of the a steady
DC voltage

3. Variable Inductance Element:

e The variable gap capacitor (C) are connected in series connecting the transmitter and receiver
circuits.

« By adjusting the capacitance of the variable gap capacitor, the resonant frequency of the receiver
circuit can be tuned to match the frequency of the transmitter coil, optimizing power transfer
efficiency.
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F. MATLAB waveforms
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CONCLUSION

In this paper, we conducted simulations of 3 generic WPT technologies that include Inductive coupling,
Magnetic Resonant coupling, and Capacitive Coupling. We used MATLAB and Simulink to look into
the behaviour and performance of these WPT systems, taking into account metrics such as power
transfer efficiency, voltage and current profiles, quality factor, impedance matching, power losses, and
stability.

Our findings demonstrate WPT's versatility and potential in a variety of applications, including
consumer electronics, healthcare, automotive, and industrial sectors. Each WPT method has distinct
advantages and applications, ranging from near-field Inductive coupling to mid-range magnetic
resonance coupling.

The future of wireless power transfer holds promise, driven by continuous technological advancements
and growing demand for sustainable energy solutions. As we look ahead, research endeavours must
prioritize optimizing WPT systems for efficiency, scalability, and integration into various environments.
This entails exploring novel materials, circuit designs, and control strategies to enhance power transfer
efficiency and extend operational ranges while making sure of compatibility across a wide array of
devices. Moreover, addressing safety and regulatory concerns is mandatory for the widespread adoption
of WPT. Ultimately, wireless power transfer represents a transformative shift in how we access and
distribute electrical energy, encouraging sustainability, efficiency, and connectivity. By promoting
interdisciplinary collaboration and encouraging a culture of innovation, we pave the way for a future
where wireless power intertwines with our lives, propelling us towards a brighter and more sustainable
tomorrow.
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