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ABSTRACT

The primary goal of the paper is to design a windmill that does not require a generator or ball bearings and produces
the maximum amount of power. One of the oldest methods of harnessing renewable energy is the use of wind energy for
energy generation. Renewable energy is a necessary component of socioeconomic development and growth. Magnetic
levitation technology optimises the performance of a vertical axis wind turbine (VAWT). The system makes use of
the permanent magnet's nature as a replacement for ball bearings to levitate the turbine component and thus reduce
energy losses while rotating. Furthermore, the system can be suited in use for more rural and urban areas of low speed
regions. The effects of various parameters on wind turbine performance, such as altitude, blade angle, and tip speed
ratio, will be discussed. Power will then be generated with an axial flux generator, which incorporates the use of
permanent magnets and a set of cotls.

INTRODUCTION

According to the Global Wind Report, 743GW of wind generating capacity would be added globally by
2020, implying a net growth rate of more than 21% each year [1]. The goal of this project is to research and develop
a magnetically levitated vertical axis wind turbine system that can function in both high and low wind speeds.
Unlike ordinary horizontal axis wind turbines, this one is levitated vertically on a rotor shaft using maglev (magnetic
levitation). This maglev technology, which will be discussed in depth, can be utilised to replace ball bearings in
traditional wind turbines and is often implemented with permanent magnets. Between the spinning shaft of the
turbine blades and the base of the entire wind turbine system, this levitation will be used. We hope to harness
enough wind for power generation using an axial flux generator made of permanent magnets and copper coils once
the necessary mechanisms are in place. The magnets will be arranged in such a way that an effective magnetic field
will be created, and the copper coils will aid in voltage capture when the magnetic field changes.

LITERATURE REVIEW
2.1. TURBINE STUDY

The introduction and use of wind turbines appear to have been directed more by the serendipity of enthusiasts
than by government encouragement around the world during the last 2000 years. As a result, although though wind
is a significant power source, it is still underutilised. In 1984, P. D. Fleming and S. D. Proben [2] investigated the
possibilities of wind energy and explained how wind turbines evolved. In 1983, Otto De Vries [3] published a
review of the aerodynamic features of horizontal axis wind turbines for wind energy conversion. In 2007, Scott J.
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Schreck and Michael C. Robinson [4] published Experiments and Modeling on Horizontal Axis Wind Turbine Blade
Aerodynamics. A detailedstudy on vertical axis wind turbine and its historical development was discussed by
Yan Li[5] in 2019.

2.2 PARAMETRIC STUDY

Fabrication of wind energy systems has become a critical area of concern as industry's energy demand
develops tremendously. The relationship between wind energy parameters and subsequent relative energy has been
studied using wind energy parameters. R. K. Tyagi [6] investigated the wind energy impacting parameters (types of
gas, velocity of gas, diameter of blades, etc.) in 2012 using a combination of characteristics. C. Marimuthu and V.
Kirubakaran created a mathematical model to analyse the parameters that affect the electrical power generated by
wind turbines in 2014 [7]. Jayanna Kanchikere [8] developed a MATLAB model to explore the aerodynamic
parameters that affect wind turbine power generation in 2012, and this Simulink model is valid for a wide range of
wind turbines. Jianyang Zhu and Changbin Tian [9] investigated the effect of rotation friction ratio on the power
extraction performance of a passive rotation H-type vertical axis wind turbine in a systematic numerical analysis
published in 2019. (H-VAWT). M. H. EI-Ahmar et al. [10] investigated the most critical parameters that determine
the wind system's energy output in 2017. Also, a mathematical model is presented for wind power & investigates the
influence of such parameters on the electrical power generated by the wind turbine.

2.3 MAGNETIC LEVITATION

Magnetic levitation is a technique for suspending an object using just magnetic fields as a support. In 1998
[11], Richard.F. Post and Walnut Creek discovered that repelling magnetic forces are used to levitate high-speed
objects. P.Suster and A.Jadlovska investigated the control algorithm design for nonlinear simulation mode magnetic
levitation in 2010 [12]. V.Bojarevics, A.Roy, and K.A.Pericleous reported in 2010 that full levitation of liquid metal
requires careful adjustment of electromagnetic force for generating tangential flow [13]. Ikbal M.M.Hassan and
Abdelfatah. M.Mohamed published the results of stability against parameter perturbations in 2001 [14].

2.4 DESIGN AND OPTIMIZATION

The development of appropriate VAWT design will create new options for the large-scale acceptance of
these machines. Vertical Axis Wind Turbine (VAWT) is very straightforward to deploy in urban settings on ground
or/and building-roofs. In 2018, Sahishnu R [15] et al used MATLAB simulation to create a mathematical model that
included wind power coefficient, tip speed ratio, mechanical, and electrical subcomponents. The goals were to
evaluate turbine blade designs, build a mathematical method, and determine the new curved shape design's techno-
economic performance. In 2018, Abdolrahim Rezaeiha et al [16] presented the impact of solidity and number of
blades on the aerodynamic performance of the turbine to provide a deeper knowledge and to assist designers and
manufacturers with this part of the design. A review of various works involving rotor design and testing of both lift
and drag Vertical Axis Wind Turbines (VAWTS) is presented in a study conducted by David MacPhee and Asfaw
Beyene [17] in the year 2012.Benefits of vertical axis wind turbines in small scale and off grid wind power
generation is summarized in the study.

Ghulam Ahmad and Uzma Amin [18] built a small scale vertical axis wind turbine (VAWT) with an axial
flux permanent magnet (AFPM) generator and employed the magnetic levitation approach to improve the efficiency
of this type of wind turbine in 2017. The planned generator produces three phase output, which is converted to direct
current and used to charge the batteries using a three-phase rectifier. The proposed prototype's performance is also
put to the test in an experimental setting. According to the findings, the planned wind turbine functions ideally and
efficiently, just as the created design procedure expected.

2.5 SUMMARY

The maglev technology can be used to build a wind turbine system that can perform at low wind speeds,
according to the literature studies conducted. The aerodynamic shape of the turbine blades, wind speed, friction or
drag force that affects the turbine's rotation, altitude, and other factors all influence performance. Different wind
turbines are compared, with the maglev wind turbine having a larger potential at low wind speeds of less than 4m/s.
Also, when utilised in conjunction with solar cells, it has a greater potential for utilisation, and this technology can
be employed at roadside locations to capture energy from fast-moving vehicles. The design is less complicated than
the existing VAWT or HAWT. The cost of production is low because the construction is simple and the parts are
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inexpensive. It can be erected on a house's terrace. Wind energy can be extracted by using a large number of these
turbines arranged at appropriate distances.

METHODOLOGY

This chapter includes the basic working of the maglev turbine and details of the step-by-step procedures for the
completion of this project. It describes the plan and strategy adopted for the completion of the same. The
methodology steps include literature review, study of parameters and design of the turbine.

3.1 WORKING OF MAGLEV WIND TURBINE

Considering a VAWT the winds energy is converted to rotational motion of the turbine. But due to the effect
of friction no conversion took place at low wind speeds and also losses are took place even if the turbine rotates. If
we are able to reduce the friction experienced in VAWT due to the bearings, we can use this turbine to extract
energy from low wind speeds and can reduce the frictional losses. For this we can employ magnetic levitation
technique in which the bearings can be avoided. Magnetic levitation is a technique by which an object is suspended
in air so the effect of gravity on that object reduces significantly with no support other than magnetic fields. Here
magnetic pressure is used to mainly counteract the effects of the gravitational forces. Magnetic levitation is an
extremely effective system for wind energy. At the bottom one magnet is placed. It repels the other magnet which is
welded to the shaft of the generator. The shaft contains the vertically oriented blades of the wind turbine. Now due
to this repulsion power between the magnets the upper magnet attached to the shaft is suspended and is air
suspended. For this levitation full permanent rare earth magnets made from neodymium are used. Due to this no
energy loss through friction occurs in the generator. This also helps in decreasing the maintenance cost and increases
the lifespan of the wind generator. The working of magnetic levitation is shown in fig.3.1
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Fig. 3.1 Working Principle of Maglev Turbine [19]
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3.2 MODELING

The magnetic levitated wind mill consists of

e Base

e Central shaft about which the turbine rotates

e Two large magnets which provides the levitation

e Some small magnets which produces magnetic flux

e Copper windings in which the EMF is generated

e Turbine blades

e Turbine end plates

The base plate distributes the entire load to the ground. It is preferably flat so as the load is uniformly distributed to
the ground. On the central shaft the main stress encountered are the torsional stress and bending stress caused by the
wind. The diameter for the shaft is determined using the equation [22],

> 2
D = 32M w0 1
o G0 1 —f;:4

L=

(3.1)
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Here Do=Outer diameter of the shaft

Tmax =Maximum shear stress
M=Bending moment
T=Torsional moment
K=Outside inside diameter ratio

The large magnets used in order to levitate the turbine should carry the weight of the turbine and also there
should be some clearance between the magnets, so that some small angular displacements that may be caused
by the wind on the turbineis adjusted. The design for these magnets is done by equating the weight of the
turbine to the magnetic repulsive force.

Weight of the turbine=Magnetic repulsive force

Weight of the turbine is calculated by taking the volume of the components and multiplying it with the density
of the materials used.
And magnetic repulsive force is given by the equation [24],

Fm = Uohsh, (3.2)
4r2

Here , po = Magnetic permeability in vacuum
h1,ho = Magnetic field strength

Copper conductors are winded on soft iron core and is sticked to the base. When the turbine rotates the magnet
sticked to it also rotates. The copper windings then cut the magnetic flux made by the moving magnets. An emf is
generated on the conductor by faraday's law of magnetic induction, the smaller magnets attached below the
turbine provide the magnetic flux. The number of coils and number andpower of small magnets can be found out
from the equation [23],

PZNo
604

(3.3)
Here, E =EMF induced
P = Number of poles
Z = Number of conductor turns
N = Speed of rotation in rpm
¢ = Flux per pole in Weber.

A = Number of parallel paths in the armature winding.
The number of poles and flux per pole gives us the number and power of magnets required.

The turbine blades have to be designed so as the maximum wind is intercepted on the turbine and smooth flow
should take place without backflow. The swept area is calculated by Equating the wind power with required power
after applying the betz limit.

Power Required=0.593*%%*pAs V ° (3.4)
Here,  p=Density of air
A's =Swept area
V=Velocity of air
The turbine end plates can be made using light materials, no much load is applied on the system. So complicated
designs are eliminated.
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RESULTS AND DISCUSSION

4.1 PARAMETRIC STUDY

The different parameters that affect the performance of the wind turbine are discussed in this section. The
parameters that taken into account are the altitude, tip speed ratio and blade angle. The study about the parameters
helped for the design of the maglev wind turbine i.e., for fixing the number of blades, blade angle etc.

4.1.1 Altitude vs Wind Speed or Power

The amount of wind power available is mostly determined by the density of the air, wind obstacles, and the
pressure differential that causes the wind. Because the earth's gravity draws the air towards its center, the density of
the air drops as altitude increases. This is because the heavier gases settle to the bottom. Due to viscous forces and
impediments, the energy of the wind reduces as it blows. The wind is obstructed mostly by the massive trees and
structures that confine it to the surface. When a result, as height rises, wind power rises to a certain point. Wind is
the passage of air from a high-pressure area to a low-pressure one. The differential heating of the earth's surface
causes the pressure difference. Here, the oceans and land surface play a major role, as the land heats up quicker than
the oceans during the day and cools down faster than the oceans at night. This creates a pressure difference, which is
the wind's pushing power. This is most noticeable near the ground; as height rises, the pressure differential
decreases, and the wind slows down. The relationship between height and wind speed, as well as altitude and wind
power, is represented in fig. 4.1. In the graph it can be seen that as altitude increases in the rate of increase in wind
speed decrease this is due to the fact that the pressure difference decreases when altitude increases. The power of the
wind is proportional to the density and cube of the speed of wind
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Fig.4.1 Altitude vs Wind Speed or Power

4.1.2 Power Coefficient vs Tip Speed Ratio

The power coefficient is the ratio of the power available in the wind to the power that can be collected from it. The
tip speed ratio is the ratio of the turbine's speed at the outer end of the blade to the available wind speed. The results
of experiments conducted by Qing'an Li et al. [19] comparing the power coefficient and tip speed ratio at different
numbers of blades are displayed in fig. 4.2. On varying numbers of blades, there is an ideal tip speed ratio where a
maximum power coefficient is obtained, as shown in the figure. In modern turbines, features like as pitching and
yawing ensure that the tip speed stays close to the optimal value. The power coefficient increases when the tip speed
ratio increases, as seen in the graph, which can be associated with the turbine starting. Even when the wind blows, it
takes some time for the blades' velocity to reach the rated number. Similarly, at high tip speed ratios, the wind
captured by the turbine blades diminishes the power coefficient because the high-speed blades generate turbulence,
which causes extra losses. The tip speed ratio's ideal value falls as the number of blades increases. Even though the
tip speed ratio is inversely related to the wind speed, the blade tip speed is also dependent on the wind speed in
practise, hence 5 blades are advised at lower wind speeds. This can also be put in other terms: when the wind speed
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is high, a larger number of blades generates turbulence and drags, yet when the wind speed is low, a larger number
of blades is advised to intercept more wind and extract more power.
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Fig.4.2 Power Coefficient vs Tip Speed Ratio [19]

4.1.3 Turbine Speed vs Blade Angle at Different Wind Speeds

In the design of turbine blades, blade angle is a critical factor. Aravind CV et al. [20] tested different blade angles at
varying wind speeds on both maglev and conventional bearing supported wind turbines, and observed turbine speeds
at various times. Figure 4.3 depicts their findings. They tested at three different wind speeds: 2.5 m/s, 4 m/s, and 5
m/s. They conducted testing on maglev turbines at 2.5 m/s, according to the report. The reason behind this is that
bearing friction cannot be overcome at lower wind speeds, while maglev turbines can work even at such low speeds.
The speed of the maglev turbine is also faster than that of regular bearing-supported turbines at greater wind speeds.
The turbine's speed indicates the amount of energy extracted. It should also be mentioned that the turbines' speeds in
the experiments were higher at over 30" blade angles.
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4.2 CALCULATIONS

4.2.1 Wind Speed

The wind speed of the place where the wind turbine is installing is calculated using the wind speed data available
from the website www.ventusky.com. The proposed place is at College of Engineering Adoor. Analysing the wind
data of the place it is found that the speed of the wind varies from 2-4 m/s and most of the time wind speed is almost
4m/s. So, for the design purpose wind speed is taken as 4m/s

4.2.2 Swept area of the turbine
For calculating the wind speed, we fixed the power to be generated as 20W.Substituting this in the equation for
power generated from the wind turbine after applying the Betz limit and applying the density of the air as
1.275kg/m? by equation 3.4 we get,
Power Required=0.593*%%*pAsV°

20=0.593*%*1.275*Ag*4* Ag=0.83m’
Taking the aspect ratio as 1:0.83, the length is taken as 1m and breadth is taken as0.83m.
4.2.3 Number of blades of the turbine
From the study conducted by Qing'an Li et.al [19], it is concluded that at higher velocities of wind 2 blades are

preferred considering the frictional losses and flowseparation. But at low wind speeds 5 blades are preferred for
better wind capture and higher annual generating capacity.

4.2.4 Weight of the turbine
The weight of the turbine is calculated by taking the product of density andvolume of the components. For
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the blades the blade material is chosen as PVC due to its low mass and easy manufacturing and its density is 900
kg/m®. For 1m long, 2 mm thick and 150 mm aperture blade the volume is 3*10™ m>. For 5 blades it is 1.5*10° m°.

Mass of the blades =900*1.5%10°=0.7 kg
For the end plates the diameter is 0.83 m and thickness is 3 mm, the volume of 2 plates is 3.3*10% m®. The
density of the material is 690 kg/m®

Mass of the plates =690*3.3*10°=2.7 kg

The total mass of the turbine =3 kg
The total weight of the turbine is approximately 30 N

4.2.5 Strength of Levitating Magnets

To levitate the turbine the repulsive force of the magnets should be equal to the weight of the turbine. The
magnetic field strength of the magnets are took equal and the magnetic permeability of vacuum is taken as

40*10" H/mA levitation clearance of 40 mm is given between the magnets. Then by equation 3.2,
Weight of the turbine = (ugH1H2)/ 40rfp

30=(40*107*H?)/(40(0.04)%)

Magnetic Strength Required, H=500 Am
4.2.6 Shaft Design
The maximum wind speed in the proposed area is found as 4m/s and density is taken as 1.275 kg/m*® Maximum
force exerted by the wind on the wind turbine area of 0.83 m? can be calculated by,
F=@mAsV:=17N

Considering the shaft as a cantilever beam of length 1.2m and the force exerted bythe wind is of uniformly
applied, the bending moment,

Mg = Fg*L/2 =17*1.2/2 = 10.2 Nm
Taking the material of the shaft as stainless steel with yield stress 215 MPa and a FOS of 8[21]. Then the design
stress is 26.875 MPa and take the ratio of inside to outside ratio as 0.8. Then by equation 3.1,

- 2 3
D = 32M % 1
o | [y 1 —RA

After standardizing the values,
Dg =20 mm and Dj =16 mm

el =

4.2.7 Number of Small Magnets and Coils

The total circumference of the end plate is 2.6m. In order to avoid interference and uniform magnetic field,
the number of magnets is set as 8 and are arranged 32 cm apart. The number of armature slots is also set as 8
and 10 conductors in each slot with a total of 80 conductors.
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4.3 CAD DRAWING

Fig.4.4 CAD Model

CONCLUSIONS AND RECOMMENDATIONS
5.1 CONCLUSION

The project work helped in attaining an in-depth idea about wind energy harvesting techniques and the vast
potential in the field. The major notion at the beginning was to design a wind turbine, which is efficient in terms of
low energy loss. Considering the increasing pollution rates, alarming phenomena like global warming and other
environmental hazards, the need and urgency for developing a sustainable and environmental friendly energy
production system was of paramount importance. Also, the model was supposed to be domestic in operation and can
even operate at lower wind speeds. Another striking factor was the inconsideration in the area for developing
localised energy producing units, the transmission losses are one of the major energy losses. Still little or no
concentration is given to this area. The background study and research led us to the implementation of Magnetic
levitation principle. This simple concept has the potential to revolutionise the wind energy sector. The study of wind
parameters and comparison between the presently existing models helped greatly in the development of the
proposed design. The reason for the selection of VAWT model was explained earlier. The design was made so, in
order for its smooth operation in lower wind speeds and requires less or no maintenance.

5.2 RECOMMENDATIONS

The simple principle of magnetic levitation can improve the efficiency and reduce the wind speed
requirement, this itself is a huge breakthrough for the upcoming research. The proposed model is for domestic or
small-scale production of electricity only. The model can be designed for a large apparatus, which will make it a
viable option for large scale generation of electricity. The model can be incorporated with solar panels and
converted into a hybrid system, which can in turn generate more energy. Considering the ever-increasing demand
for non-conventional renewable energy sources this can be a real contender in the future. Also, the territory can be
further expanded for off-shore wind energy production that is considered as an asset for future.
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