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Abstract- Wind energy is one of the renewable energy sources. Power generation by using wind energy is found to be multifold
due to more demand and supply gap in electrical energy system. Magnetic levitation wind turbines have several advantages over
conventional wind turbines. This paper presents the design, development, and analysis of a levitating frictionless vertical axis
windmill (LF-VAW) aimed at maximizing energy efficiency by reducing mechanical losses due to friction. Utilizing magnetic
levitation (maglev) technology, the windmill's rotor is suspended without contact, significantly minimizing wear and
maintenance. This innovative approach to wind energy harvesting is especially suitable for low-wind-speed urban environments.
The key innovation in this project lies in its levitating support system, which suspends the rotating shaft with the help of low-
resistance mechanical components (such as air cushions, advanced bearing designs, or fluid dynamics-based supports), allowing
the windmill to rotate smoothly with negligible friction. Experimental results demonstrate improved performance over
conventional friction-based systems.

Index Terms: Levitating, friction less, non-contact, PVC blades.

1. INTRODUCTION
The Levitating Frictionless Vertical Windmill is a novel engineering solution aimed at improving the efficiency of wind energy
systems by minimizing mechanical losses. Unlike traditional wind turbines that rely on bearings and suffer from friction-
related wear and tear, this project introduces a frictionless rotation mechanism that supports the windmill’s vertical axis with
minimal physical contact.
The core design features a Vertical Axis Wind Turbine, which operates effectively regardless of wind direction—making it
ideal for urban and low-speed wind conditions. The key innovation in this project lies in its levitating support system, which
suspends the rotating shaft with the help of low-resistance mechanical components (such as air cushions, advanced bearing
designs, or fluid dynamics-based supports), allowing the windmill to rotate smoothly with negligible friction.

2. PROBLEM STATEMENT

This project builds upon these concepts by creating a levitating-style, frictionless vertical windmill that excludes the use of
magnets altogether. Instead, it focuses on precision turning (via lathe machining) of both fixed and rotating shafts, optimal
alignment, and high-quality ball bearings to reduce mechanical friction. The effectiveness of this approach is validated by the
successful generation of power to light a 9-watt LED bulb, even under relatively low wind conditions.

3. OBJECTIVES & SCOPE

The primary objective of this project is to design and develop a Vertical Axis Windmill that operates with minimal mechanical
friction, thereby increasing the overall efficiency of wind energy conversion. By eliminating traditional contact-based rotating
components such as ball bearings, the design focuses on achieving near-frictionless rotation through advanced mechanical
arrangements.
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4. LITERATURE REVIEW

Patel et al. (2020) emphasized the importance of material selection and shaft balancing in reducing friction. By carefully
machining components like rotating and fixed shafts and ensuring alignment during fabrication, mechanical contact and energy
losses can be minimized even without advanced technologies like magnetic levitation.

Ahmad and Amin (2017) investigated a small-scale vertical wind turbine that focused on low-friction axial design but relied
on precision alignment and balanced loads rather than magnetics. Their research concluded that using well-machined rotating
components and high-grade bearings can significantly reduce energy losses and improve startup performance.

5. METHODOLOGY

The development of the levitating frictionless vertical windmill followed a systematic and multi-phase engineering approach.
The project began with conceptual design and feasibility analysis, where various configurations of vertical axis wind turbines
were studied, and the most suitable rotor type was selected based on aerodynamic efficiency and simplicity. A detailed CAD
model of the windmill was created using design software to visualize the structure and analyze mechanical balance.

The core innovation focused on eliminating friction in the rotating shaft by employing a low-contact support mechanism, such
as air or fluid-assisted bearings, which allowed the rotor to rotate with minimal resistance. Precision components were
fabricated to ensure accurate alignment and stable levitation of the vertical shaft. The windmill blades were crafted from
lightweight materials to reduce inertial load, and a compact generator was coupled to the shaft for energy conversion. The
assembled prototype was tested under natural and simulated wind conditions to measure performance parameters including
rotational speed, torque, and power output. Data acquisition tools such as anemometers, RPM sensors, and voltmeters were
used to evaluate the system's efficiency. Through iterative testing and refinement, the final design demonstrated a significant
reduction in mechanical friction, confirming the viability of frictionless windmill systems for practical energy generation.

5.1 Components

5.1.1 Alternator: An alternator is used as the primary energy conversion device to transform the mechanical energy
generated by the rotating windmill blades into usable electrical energy. The alternator functions based on the principle of
electromagnetic induction, where the relative motion between a magnetic field and a conductor induces an electric current.
The output from the alternator can either be stored in a battery via a rectifier (to convert AC to DC) or directly used to
power low-voltage devices. Alternators are widely used in renewable energy systems due to their efficiency, compact size,
and ability to generate electricity at various rotational speeds.
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Fig. 5.1 Alternator

5.1.2 V-Belt Pulley: A V-belt pulley system is employed to transmit mechanical power from the rotating shaft of the
vertical windmill to the alternator. The system consists of two grooved pulleysone mounted on the windmill shaft and the
other on the alternator—connected by a V-shaped rubber belt. The V-belt fits tightly into the pulley grooves, increasing
the surface contact area and providing excellent frictional grip, which ensures efficient torque transmission with minimal

slippage.

The use of a V-belt drive offers several advantages: it allows for flexible placement of the alternator, absorbs minor
misalignments, reduces shock loads, and operates quietly. Moreover, it provides a simple way to increase or decrease the
speed transferred to the alternator by adjusting the diameter ratio of the driving (windmill) and driven (alternator) pulleys.
This speed variation is especially important in wind energy systems, where wind speed and turbine RPMs are inconsistent.
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Fig. 5.2 VV-Belt Pulley
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5.1.3 Ball Bearings: In the design of the levitating frictionless vertical windmill, ball bearings were employed to
support the rotating components and enable smooth, low-friction motion. Ball bearings are precision mechanical
elements that reduce resistance between moving and stationary parts, thereby enhancing the efficiency and durability of
rotating systems. In this setup, the inner race of the bearing is fixed to the stationary shaft, while the outer race is
connected to the rotating shaft or rotor assembly. As the rotor spins, the hardened steel balls roll between the inner and
outer races, allowing smooth rotation with minimal friction. This configuration allows the windmill’s rotor to rotate
freely while being properly supported and aligned.

Fig. 5.3 Ball Bearing

5.1.4 Fixed Shaft: The fixed shaft in the levitating frictionless vertical windmill serves as the stationary central axis
around which the rotor assembly and other moving components rotate. This shaft is crucial in providing structural support
to the entire windmill system while maintaining stability during operation. Typically made of high-strength steel or
stainless steel, the fixed shaft is designed to withstand both the radial and axial loads generated by the windmill’s rotating
blades. Its diameter and length are carefully chosen based on the size of the rotor and the expected forces during operation.
The fixed shaft is securely anchored to the windmill's base or frame, ensuring that it does not rotate, thus allowing the
rotor, supported by ball bearings or other frictionless systems, to rotate smoothly around it.

5.1.5 Rotating Shaft: The rotating shaft in the levitating frictionless vertical windmill is a critical component that
transmits the mechanical energy generated by the windmill’s rotor blades to the power generation system (alternator or
generator). Unlike the fixed shaft, the rotating shaft is designed to rotate around the fixed shaft, and it is directly
responsible for converting the kinetic energy from wind movement into usable electrical energy.

Made from high-strength steel or alloy materials, the rotating shaft is engineered to handle both radial and axial loads.
These forces are generated by the windmill blades as they rotate in the wind, and the shaft is designed to withstand these
stresses without deforming or compromising performance. Its surface is often hardened or treated to reduce wear from
friction, which is especially important in a design that aims to reduce frictional losses.

5.1.6 Blades: The PVC blades used in this project are designed for the vertical axis windmill (VAWT) to capture wind
energy efficiently. Made from polyvinyl chloride (PVC), these blades are both cost-effective and lightweight, offering a
practical solution for small-scale wind energy generation systems. PVC is a durable and weather-resistant material,
making it ideal for outdoor applications where exposure to the elements is a concern. It is also relatively easy to fabricate
and mold, allowing for customization of blade shape and size.

The blades are designed with an aerodynamic semi-circular shape, optimizing their ability to capture wind energy
efficiently. The lightweight nature of PVC reduces the strain on the rotating components, ensuring smooth operation and
reducing the mechanical load on the system. The blades are mounted securely on the rotating shaft, and their orientation
and angle are designed to maximize lift while minimizing drag, which improves the overall efficiency of the windmill.

TR '

Fig. 5.4 PVC Blades
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Fig. 5.5 Assembly

The Levitating Frictionless Vertical Windmill has a wide range of practical applications, particularly in the field of renewable
energy generation. Its unique frictionless and vertical axis design allows it to operate efficiently even at low wind speeds and
in environments with variable wind directions, making it highly suitable for urban, semi-urban, and remote areas. One of the
key applications is in off-grid energy systems, where the windmill can be used to charge batteries or power small electronic
devices, streetlights, and rural homes without relying on the conventional power grid.

CONCLUSION

The development of the Levitating Frictionless Vertical Windmill presents a significant step toward efficient and sustainable wind
energy generation. By integrating a vertical axis design with low-friction components such as precision ball bearings and a fixed-
rotating shaft mechanism, the system successfully minimizes mechanical losses and enhances energy conversion even at low wind
speeds. The use of accessible materials like PVVC for blades and a practical V-belt pulley mechanism makes the design both cost-
effective and feasible for real-world implementation.

One of the most notable outcomes of the project is its ability to generate sufficient energy to power a 9-watt LED bulb, which serves
as clear evidence of its functional effectiveness. The use of lightweight PVC blades, a compact alternator, and a stable metal support
frame further enhances the system's efficiency and structural integrity.
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