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Abstract: Contactless power transfer systems are increasingly used in rotating and sealed applications where traditional
wired connections and slip rings suffer from wear, sparking, and maintenance issues. This project presents a Contactless
Power Transfer System for Rotating Applications using Magnetic Coupling, designed using an Arduino-based
control unit. The system employs inductive magnetic coupling between a stationary transmitter coil and a rotating
receiver coil separated by a small air gap. The Arduino generates a high-frequency switching signal that drives a power
electronic circuit connected to the transmitter coil, producing an alternating magnetic field that enables wireless power
transfer.
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I INTRODUCTION

In modern electrical and electronic systems, the need to transfer power efficiently to rotating components has become
increasingly important. Many industrial applications such as motors, robotic arms, rotating sensors, and automated
machinery require a continuous supply of electrical energy while in motion. Traditionally, this power transfer is achieved
using mechanical devices like slip rings and brushes, which provide electrical contact between stationary and rotating
parts. However, these conventional methods suffer from several disadvantages, including mechanical wear, friction,
electrical noise, sparking, and the need for regular maintenance. These issues reduce the overall reliability, efficiency,
and lifespan of the system.

To overcome these limitations, Contactless Power Transfer (CPT) technology has emerged as an effective solution.
This technology enables the wireless transmission of electrical energy without any direct physical connection between
the source and the load. The system operates on the principle of electromagnetic induction, where a time-varying
magnetic field generated by a transmitter coil induces a voltage in a nearby receiver coil. This method is commonly
referred to as magnetic coupling, and it allows power to be transferred across an air gap safely and efficiently.

In a typical contactless power transfer system, the transmitter section consists of a power supply, control circuit, and
transmitter coil. A microcontroller, such as an Arduino, is often used to generate a Pulse Width Modulation (PWM)
signal, which drives the transmitter coil at a specific frequency. This produces a varying magnetic field around the coil.
The receiver section, which is mounted on the rotating part, contains a receiver coil that captures the magnetic field and
converts it into electrical energy. The induced voltage is then rectified, filtered, and regulated to provide a stable DC
output for the load.

One of the major advantages of contactless power transfer systems is the elimination of mechanical contacts. This results
in reduced wear and tear, lower maintenance requirements, and improved safety due to the absence of sparks and electrical
noise. Additionally, the system offers high reliability and is well-suited for applications where continuous rotation is
required.

The increasing demand for automation, robotics, and electric vehicles has further accelerated the development of wireless
power transfer technologies. Contactless power transfer systems are now widely used in various fields, including
industrial automation, medical devices, wireless charging systems, and rotating machinery.
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While DWC holds immense promise, several challenges remain. These include the high infrastructure costs associated
with embedding coils in roads, ensuring efficient energy transfer, and establishing industry-wide standards. However,

ongoing research and pilot projects are actively addressing these challenges, paving the way for widespread DWC
adoption in the future.

In conclusion, dynamic wireless charging has the potential to revolutionize transportation by making EVs more practical,
convenient, and accessible. As the technology matures and costs decrease, DWC is poised to play a crucial role in
accelerating the transition to a sustainable electric mobility ecosystem.
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Fig 1: Circuit Diagram

II. CONTACTLESS POWER TRANSFER FOR ROTATING APPLICATIONS USING
MAGNETIC COUPLE

The Contactless Power Transfer For Rotating Application Using Magnetic Couple consists of main components:

1. Transmitter Section

The transmitter section is responsible for generating and transmitting electrical energy in the form of a magnetic field. It
consists of a DC power supply, a high-frequency switching circuit (usually using MOSFETs), and a primary coil. The
switching circuit converts DC into high-frequency AC, which flows through the primary coil to produce an alternating
magnetic field. This magnetic field acts as the medium for transferring power wirelessly to the receiver section.

LaNY B A S
Fig2: Hardware Arrangement continues to move forward, the next coil activated, ensuring continuous charging.
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2. Receiver Section

The receiver section captures the magnetic field generated by the transmitter and converts it back into usable electrical
energy. It includes a secondary coil mounted on the rotating part, a rectifier circuit, a filter, and a voltage regulator. The
secondary coil receives the induced AC voltage, which is then converted into DC and stabilized for powering the load.
This section ensures continuous power supply even during rotation without physical contact.

3. Magnetic Coupling Mechanism

The magnetic coupling mechanism is the core principle behind contactless power transfer. It works based on
electromagnetic induction, where an alternating magnetic field generated by the transmitter coil induces voltage in the
receiver coil. The efficiency of this process depends on factors like coil alignment, distance, and operating frequency.
Strong coupling ensures better power transfer, while weak coupling leads to energy losses.

4. Power Conditioning and Regulation

This section ensures that the received power is converted into a stable and usable form. It includes a rectifier to convert
AC to DC, a filter to remove ripples, and a voltage regulator to maintain a constant output. Since the received power may
fluctuate due to rotation or load changes, proper conditioning is essential for reliable operation of the connected load.

II1. WORKING PRINCIPLE

The contactless power transfer system for rotating applications operates based on the principle of electromagnetic
induction. When a DC power supply is provided to the transmitter circuit, it is first converted into high-frequency
alternating current (AC) using a switching circuit, typically built with MOSFETSs. This high-frequency AC flows through
the transmitter (primary) coil, generating a continuously varying magnetic field around it.

When the receiver (secondary) coil is placed within this magnetic field, an induced voltage is generated in it according
to Faraday’s law of electromagnetic induction. Even if the receiver coil is mounted on a rotating shaft, it continues to cut
the magnetic field lines, ensuring uninterrupted power transfer. The strength of the induced voltage depends on factors
such as coil alignment, distance between coils, and operating frequency.

The induced voltage in the receiver coil is in AC form, which is then converted into DC using a rectifier circuit. A filter
is used to smooth out the ripples, and a voltage regulator ensures a stable output suitable for powering electrical loads.
This entire process enables efficient transfer of electrical energy without any physical contact between the stationary and
rotating parts.

1. Coil Design and Optimization

Coil design is one of the most critical aspects of a contactless power transfer system, as it directly affects the efficiency
and reliability of power transmission. The system uses two coils: a transmitter (primary) coil and a receiver (secondary)
coil. These coils are designed to create and capture a magnetic field effectively. Key parameters such as the number of
turns, coil diameter, wire thickness, and spacing between turns must be carefully selected. Increasing the number of turns
can improve the induced voltage, but it may also increase resistance and losses, so a proper balance is required.

The shape and size of the coils also play an important role. Common shapes include circular and spiral coils, which
provide uniform magnetic field distribution. The choice of conductor material, usually copper, is important due to its low
resistance and high conductivity. In some designs, ferrite cores or magnetic materials are used to concentrate the magnetic
field and improve coupling efficiency.

Optimization of the coils involves maximizing magnetic coupling while minimizing losses. This includes maintaining
proper alignment between the coils and reducing the air gap as much as possible. Operating at an optimal frequency also
enhances performance, especially in resonant inductive coupling systems where both coils are tuned to the same
frequency. Additionally, minimizing parasitic effects such as eddy current losses and heat generation is essential for
efficient operation.

In rotating applications, special attention is given to the mechanical stability of the receiver coil. It must be securely
mounted on the rotating shaft while maintaining consistent alignment with the transmitter coil. Proper coil design and

optimization ensure high efficiency, stable output, and reliable power transfer even under continuous rotation.

2. Rotating Mechanism Integration
This section explains how the receiver coil is mounted on a rotating shaft or component. The design ensures that power
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transfer continues smoothly even during rotation. Special care is taken to maintain alignment and stability for consistent
performance.

IV. ADVANTAGES OF THE PROPOSED DESIGN

1. No Physical Contact
Power is transferred without wires or direct connections. This eliminates wear and tear of mechanical parts.

2. Reduced Maintenance
No brushes or slip rings are required in the system. This significantly lowers maintenance needs and costs.

3. Longer Lifespan
Absence of friction and mechanical contact increases durability. Components last longer compared to conventional systems.

4. High Reliability
The system operates smoothly even during continuous rotation. It ensures consistent power delivery without interruptions.

5. Improved Safety
No exposed conductive parts reduce risk of electric shocks. Safer operation in industrial and harsh environments.

V. APPLICATIONS
Applications of Contactless Power Transfer for Rotating Application Using Magnetic Couple

1. Electric Motors (Slip Ring Replacement)
Used in rotating motors to supply power without brushes or slip rings. This reduces wear and maintenance, increasing
system lifespan.

2. Robotics and Automated Systems
Provides power to rotating robotic joints and arms. Ensures continuous operation without cable twisting or damage.

3. Industrial Rotating Machinery
Applied in machines like conveyors, turbines, and rotating tables. Improves reliability and eliminates mechanical contact
issues.

4. Wind Turbines
Used to transfer power between rotating blades and stationary systems. Helps avoid complex wiring and improves
durability in harsh conditions.

5. Medical Equipment (CT Scanners)
Enables power transfer in rotating parts of medical imaging devices. Ensures smooth and uninterrupted operation without
physical connectors.

6. Electric Vehicles (Rotating Parts)
Used in systems where rotating components require power supply. Enhances efficiency and reduces mechanical wear in
EV systems.

7. Wireless Charging in Rotating Devices
Applied in devices that rotate continuously while being powered. Provides safe and reliable charging without direct
electrical contact.

VL FUTURE SCOPE AND IMPROVEMENTS

The future scope of contactless power transfer for rotating applications lies in improving efficiency and performance through
advanced coil designs and better magnetic materials. Research can focus on resonant inductive coupling to enhance power
transfer over larger distances. The use of smart control circuits and adaptive frequency tuning can further optimize system
operation under varying conditions. Integration with IoT-based monitoring systems can enable real-time performance
analysis and fault detection. Improvements in power electronics can reduce energy losses and heat generation. Overall, these
advancements will make the system more reliable, efficient, and suitable for high-power industrial applications.
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VIL DISCUSSION

o The contactless power transfer system for rotating applications demonstrates an effective method of transmitting
electrical energy without physical connections. The system successfully uses magnetic inductive coupling between
the transmitter and receiver coils to deliver power even when the receiver is in continuous rotation. This eliminates
the need for conventional slip rings and brushes, which are prone to wear and require frequent maintenance.

e During the implementation, it is observed that the efficiency of power transfer largely depends on coil alignment,
distance between coils, and operating frequency. Proper alignment ensures maximum magnetic coupling, while even
slight misalignment during rotation can reduce the output voltage. Similarly, maintaining an optimal air gap is
essential, as increasing the distance significantly decreases the transferred power.

e The system also highlights the importance of high-frequency switching circuits. The use of MOSFET-based
switching improves the generation of alternating magnetic fields, resulting in better energy transfer. However, high-
frequency operation also introduces challenges such as heat generation and electromagnetic interference, which must
be managed through proper design and shielding.

e Another important observation is the stability of the output. Due to continuous rotation and varying load conditions,
fluctuations in output voltage can occur. This makes voltage regulation and filtering essential parts of the system to
ensure a steady and reliable power supply to the load.

e Overall, the project proves that contactless power transfer is a reliable and efficient solution for rotating systems.
While there are certain limitations such as efficiency losses and alignment sensitivity, the advantages in terms of
reduced maintenance, improved safety, and longer system life make it highly suitable for industrial and modern
engineering applications.

VIII. CHALLENGES AND CONSIDERATIONS

1. Coil Alignment
Proper alignment between transmitter and receiver coils is essential for efficient energy transfer. Misalignment during
rotation reduces magnetic coupling and lowers output power.

2. Air Gap Distance
The distance between coils directly affects power transfer efficiency. Larger gaps weaken the magnetic field and reduce
induced voltage.

3. Power Transfer Efficiency
Energy losses occur due to resistance, leakage flux, and imperfect coupling. Improving efficiency is necessary for better
system performance and reduced energy waste.

4. Rotational Stability
Continuous rotation can cause fluctuations in magnetic coupling. This leads to unstable power output if not properly
managed.

5. Heat Generation
High-frequency operation and current flow generate heat in coils and component. Proper cooling or heat dissipation
methods are required to prevent damage.

6. Frequency Selection
Choosing the right operating frequency is crucial for optimal performance. Incorrect frequency can increase losses and
reduce efficiency.

7. Electromagnetic Interference (EMI)
High-frequency magnetic fields can interfere with nearby electronic devices. Proper shielding and design techniques are
needed to minimize EMI.

8. Coil Design
Designing coils with appropriate size, turns, and shape is challenging. Poor design can lead to low efficiency and weak
magnetic coupling.

9. Voltage Regulation
Maintaining a stable output voltage despite rotation and load changes is difficult. Voltage regulators are needed to ensure
consistent power supply.
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10. Mechanical Constraints
Limited space in rotating systems restricts component placement. Compact and efficient design is necessary to fit within
mechanical limits.

IX. CONCLUSION

The contactless power transfer system for rotating applications using magnetic coupling proves to be an efficient and
reliable solution for transmitting electrical power without physical connections. Traditional methods like slip rings and
wired connections often suffer from mechanical wear, sparking, and frequent maintenance issues. This project overcomes
these limitations by using inductive coupling between a stationary transmitter coil and a rotating receiver coil, separated
by an air gap.

The use of an Arduino-based control system and PWM driver ensures proper switching and generation of high-frequency
signals required for effective magnetic coupling. The received power is successfully converted and regulated to provide
a stable DC output suitable for operating rotating loads such as motors and lighting devices. The system demonstrates
smooth power transfer even during continuous rotation, highlighting its practical applicability.

Overall, this project offers a low-maintenance, safe, and durable alternative to conventional power transfer methods. It
has strong potential in industrial automation, robotics, electric vehicles, and other rotating machinery where reliability
and efficiency are critical. Future improvements can focus on increasing efficiency, reducing power losses, and extending
transmission distance for advanced applications.
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