1.1 NEED FOR THE PROJECT
Renewable energy is generally electricity supplied from sources, such as
wind power, solar power, geothermal energy, hydropower and various forms of biomass.
These sources have been coined renewable due to their continuous replenishment and
availability for use over and over again. The popularity of renewable energy has
experienced a significant upsurge in recent times due to the exhaustion of conventional
power generation methods and increasing realization of its adverse effects on the
environment. It is estimated that renewable sources might contribute about 20%-50% to
energy consumption in the later part of the 21st century. Facts from the World Wind Energy
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Association estimates that by 2010, 160GW of wind power capacity is expected to be
installed worldwide which implies an anticipated net growth rate of more than 21% per
year.
Maglev wind turbines have several advantages over conventional wind
turbines. For instance, they’re able to use winds with starting speeds as low as 1.5 meters
per second (m/s). Also, they could operate in winds exceeding 40 m/s. Currently, the
largest conventional wind turbines in the world produce only five megawatts of power.
However, one large maglev wind turbine could generate one GW of clean power, enough
to supply energy to 750,000 homes.
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CHAPTER 2
OVERVIEW

This section introduces and provides a brief description of the major
components and factors that will contribute to an efficiently functioning wind turbine.
These factors are wind power, the generator, magnet levitation. Later sections will provide
an in-depth look into the essence of each factor and its function and importance to the
overall operation of the vertical axis wind turbine.

2.1 WIND POWER
Undoubtedly, the project’s ability to function is solely dependent on the
power of wind and its availability. Wind is known to be another form of solar energy
because it comes about as a result of uneven heating of the atmosphere by the sun
coupled with the abstract topography of the earth’s surface. With wind turbines, two
categories of winds are relevant to their applications, namely local winds and planetary
winds.
The latter is the most dominant and it is usually a major factor in deciding
sites for very effective wind turbines especially with the horizontal axis types. These winds
are usually found along shore lines, mountain tops, valleys and open plains. The former
is the type you will find in regular environments like the city or rural areas, basically where
settlements are present. This type of wind is not conducive for effective power generation;
it only has a lot of worth when it accompanies moving planetary winds. In later chapters,
more focus will be placed on the power of wind and effective ways to design wind turbines
for optimal wind power production.
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2.2 GENERATOR

The basic understanding of a generator is that it converts mechanical
energy to electrical energy. Generators are utilized extensively in various applications and
for the most part have similarities that exist between these applications. However the few
differences present is what really distinguishes a system operating on an AC motor from
another on the same principle of operation and likewise with DC motors. With the axial
flux generator design, its operability is based on permanent magnet alternators where the
concept of magnets and magnetic fields are the dominant factors in this form of generator
functioning. These generators have air gap surface perpendicular to the rotating axis and
the air gap generates magnetic fluxes parallel to the axis. In further chapters we will take
a detailed look into their basic operation and the configuration of our design.

2.3 MAGNETIC LEVITATION

Also known as maglev, this phenomenon operates on the repulsion
characteristics of permanent magnets. This technology has been predominantly utilized
in the rail industry in the Far East to provide very fast and reliable transportation on maglev
trains and with ongoing research its popularity is increasingly attaining new heights. Using
a pair of permanent magnets like neodymium magnets and substantial support magnetic
levitation can easily be experienced. By placing these two magnets on top of each other
with like polarities facing each other, the magnetic repulsion will be strong enough to keep
both magnets at a distance away from each other. The force created as a result of this
repulsion can be used for suspension purposes and is strong enough to balance the
weight of an object depending on the threshold of the magnets. In this project, we expect
to implement this technology form the purpose of achieving vertical orientation with our
rotors as well as the axial flux generator.
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2.4 DC-DC CONVERSION

Over the years, alternating current has been the common choice of power
supply. AC is popular because the voltage can be easily stepped up or down using a
transformer. Due to the inherent properties of a transformer, DC voltage cannot be
altered using this type of equipment. Transformers operate due to a changing magnetic
field in which the change in magnetic flux induces a current. Direct current cannot provide
a changing magnetic field therefore a transformer with an applied DC input would only
produce heat. The output from the maglev windmill will be an alternating voltage. This
output can be directly connected to load or can be converted to dc and stored in a battery
for later use.
The concept of DC-DC conversion emerged after the development of fast
switching transistors. By varying the duty cycle of the pulse that is applied to the gate of
the transistor for switching, these converters can buck or boost the voltage as if it were a
DC transformer. When accurate feedback back is applied to this type of circuit, the
converter will not only transform a supply voltage to the desired output but also maintain
it given a varying input.
The output expected from the project is will be varying quantity with voltage
ranging between 5-60V and current in milliamps. Here the output obtained is used to
power up an LED.
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CHAPTER 3
WIND POWER AND WIND TURBINES

3.1 WIND POWER TECHNOLOGY
Wind power technology is the various infrastructure and process that
promote the harnessing of wind generation for mechanical power and electricity. This
basically entails the wind and characteristics related to its strength and direction, as well
as the functioning of both internal and external components of a wind turbine with respect
to wind behaviour. Wind power, as an alternative to fossil fuels, is plentiful, renewable,
widely distributed, clean, produces no greenhouse gas emissions during operation and
uses little land. Any effects on the environment are generally less problematic than those
from other power sources. 83 countries around the world are using wind power on a
commercial basis. Worldwide there are now over two hundred thousand wind turbines
operating, with a total nameplate capacity of 238,351 MW as of end 2011. Name plate
capacities of different countries are shown below.

Top 10 countries
by wind power capacity
(2011 year-end)

Country
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Wind power capacity
(MW)

% world total

China

62,733ǂ

26.3

United States

46,919

19.7
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Top 10 countries
by wind power capacity
(2011 year-end)

Wind power capacity

Country

(MW)

% world total

Germany

29,060

12.2

Spain

21,674

9.1

India

16,084

6.7

France

6,800

2.8

Italy

6,747

2.8

United Kingdom

6,540

2.7

Canada

5,265

2.2

Portugal

4,083

1.7

(rest of world)

32,446

13.8

238,351 MW

100%

World total

Table 3.1- Wind power capacity
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Usage of wind power generation increases year by year. Worldwide electricity generation
from wind between 1990 to 2010 is shown below:

Figure 3.1 – Electricity generation from wind

3.1.1 The power of wind
As mentioned earlier the effective functioning of a wind turbine is dictated
by the wind availability in an area and if the amount of power it has is sufficient enough
to keep the blades in constant rotation. The wind power increases as a function of the
cube of the velocity of the wind and this power is calculable with respect to the area in
which the wind is present as well as the wind velocity. When wind is blowing the energy
available is kinetic due to the motion of the wind so the power of the wind is related to the
kinetic energy.
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We know,

Kinetic Energy =

1
MV 2
2

The volume of air passing in unit time through an area A, with speed V is
AV and its mass M is equal to the Volume V multiplied by its density ρ so:

M = ρAV
Substituting the value of M in equation 4.1 we get:

1
Kinetic Energy = (ρAV)V 2
2
1
Kinetic Energy = ρAV 3
2

To convert the energy to kilowatts, a non-dimensional proportionality constant k is
introduced where,

k = 2.14 × 10−3
Therefore,

Power in KW (P) = 2.14ρAV 3 × 10−3

Where:
Air Density (𝜌) = 1.2 kg/𝑚3 /2.33x 10−3 slugs/f𝑡 3
Area (A) = Area swept by the blades by the turbine
Velocity (V) = wind speed in m/s
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With the above equation, the power being generated can be calculated,
however one should note that it is not possible to convert all the power of the wind into
power for generation. The power harnessed from the wind cannot exceed 59% of the
overall power in the wind. Only a portion can be used and that usable portion is only
assured depending on the wind turbine being used and the aerodynamic characteristics
that accompany it.

3.1.2 Types of wind turbines
Many types of turbines exist today and their designs are usually inclined
towards one of the two categories: horizontal-axis wind turbines (HAWTs) and verticalaxis wind turbines (VAWTs). As the name pertains, each turbine is distinguished by the
orientation of their rotor shafts. The former is the more conventional and common type
everyone has come to know, while the latter due to its seldom usage and exploitation, is
quiet unpopular. The HAWTs usually consist of two or three propeller-like blades attached
to a horizontal and mounted on bearings the top of a support tower as seen in Figure 3.2.
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Figure 3.2 - Horizontal axis wind turbine

When the wind blows, the blades of the turbine are set in motion which
drives a generator that produces AC electricity. For optimal efficiency, these horizontal
turbines are usually made to point into the wind with the aid of a sensor and a servo motor
or a wind vane for smaller wind turbine applications. With the vertical axis wind turbines,
the concept behind their operation is similar to that of the horizontal designs. The major
difference is the orientation of the rotors and generator which are all vertically arranged
and usually on a shaft for support and stability. This also results in a different response
of the turbine blades to the wind in relation to that of the horizontal configurations. A typical
vertical axis design is shown in Figure 3.3
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Figure 3.3 – Vertical Axis Wind Turbine

Their design makes it possible for them to utilize the wind power from every
direction unlike the HAWTs that depend on lift forces from the wind similar to the lift off
concept of an airplane. Vertical axis wind turbines are further subdivided into two major
types namely the Darrieus model and the Savonius model. Pictured above in figure 3.3
is an example of the Darrieus Model which was named after designer and French
aeronautical engineer, Georges Darrieus. This form of this design is best described as an
eggbeater with the blades, two or three of them bent into a c-shape on the shaft. The
Savonius model was invented by Finnish engineer Sigurd Savonius and an example is
shown in Figure 3.4.
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Figure 3.4 -Savonius Model Vertical Axis Wind Turbine
The functioning of this model is dependent on drag forces from the wind.
This drag force produced is a differential of the wind hitting by the inner part of the scoops
and the wind blowing against the back of the scoops. Like the Darrieus model, the
Savonius turbines will work with winds approaching in any direction and also work well
with lower wind speeds due to their very low clearance off the ground.
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3.1.3 Major components and operation of a wind turbine
A wind turbine basically draws the kinetic energy from the wind and converts
this power to electrical energy by means of a generator. Its operability is dependent on
key components of the turbine and its response to the wind based on how it is built. Figure
IV.4 shows an illustration of a conventional wind turbine and its parts.

Figure 3.5 -Components of a Wind Turbine

With this turbine, the blades receive the wind and are caused to lift and
rotate. Depending on the wind speed the controller will start up or shut off the turbine. If
wind speeds are right between 8 to 16 miles per hour, the turbine would start to operate
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but will shut down if speeds exceed about 55 miles per hour. This is a preventative
measure because at very high winds the turbine could be damaged. The anemometer on
the turbine calculates this wind speed and sends the information to the controller. The
VAWTs usually do not have anemometers because they are usually used for low speed
and small scale applications.

The high speed shaft drives the generator to produce electricity and they
are connected to the low speed shaft by gears to increase their rotational speed during
operation. Most generators usually require a rotational speed of about 1000 to 1800
rotations per minute so the gears increases them significantly from 30 to 60 rotations per
minute to the electricity producing threshold. All these components sit on a tower usually
made out of steel or concrete. The height of the tower is dependent on the size of the
rotors and the desired amount of electricity generation. Taller towers serve as an
advantage because wind speed is abundant with height so the rotors will work well with
increased tower height and promote more and efficient electricity generation.

3.1.4. Wind sails design selection
After a thorough research into both sub types of vertical axis wind turbine
rotors configurations, we decided to base the foundation of our design on the Savonius
model and the final design is pictured in Figure 3.6.
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Figure 3.6 -Wind Rotors Side View
As compared to the standard design model of the Savonius, we took a bit
of a different approach in our design by modifying it with a curvature design from the top
of the sails to the bottom. This design was attained with four triangular shapes cut out
from aluminium sheet metal and due to the flexibility of the sheet metal, we were able to
spiral the sail from the top of the shaft to the base.
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The main factor for our design is due to its attachment to the stator of our
generator and to some extent the magnetic levitation. From Figure 3.6, it is observed that
our streamlined design eliminates the scoop on the upper half of the Savonius model and
winds down from the top of the shaft to the circumference of the circular base thus
providing a scooping characteristic towards the bottom. This therefore concentrates the
mass momentum of the wind to the bottom of the sails and allows for smoother torque
during rotation. A standard Savonius model for this design would have created a lot of
instability around the shaft and on the base which could eventually lead to top heaviness
and causing the turbine to tip over.

Figure 3.7 –Wind blades connected to rotor
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The presence of the twenty eight permanent magnets on the stator
contributes some weight to the base of the sail thus the expectance of a little resistance
in starting off the turbine and during operation as well. With our design we expect a
smoother torque during rotation since the wind energy shoots for the base of the sails
and will set the rotors spinning easily and freely around the shaft. This will also amount
to minimal to no stress on the levitation of the rotors and the generator by the magnets
thus increasing the efficiency and longevity of the suspension.
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CHAPTER 4
POWER GENERATION

When designing a generator it is important to have a firm grasp of the basic
laws that govern its performance. In order to induce a voltage in a wire a nearby changing
magnetic field must exist. The voltage induced not only depends on the magnitude of the
field density but also on the coil area. The relationship between the area and field density
is known as flux (Φ). The way in which this flux varies in time depends on the generator
design. The axial flux generator uses the changing magnetic flux to produce a voltage.
The voltage produced by each coil can be calculated using Faraday's law of induction:

v = −N

d∅
dt

4.1 INDUCED EMF
In order to explain how an axial flux generator is designed the elements that
produce an electromotive force or voltage must be described. An induced EMF is
produced by a time varying magnetic field. Michael Faraday performed experiments with
steady currents and a simple transformer in hopes of producing a voltage from a magnetic
field. He discovered that a constant magnetic field would not induce a voltage but a time
varying field could This was an important discovery in what is known as electromagnetic
induction, a discovery that is fundamental in the design of a generator. It is this relative
motion of a magnetic field producing a voltage that allows us to be creative in the ways
we produce electricity.

4.2 FLUX
Electricity is not generated solely as a function of the field density. In order
to fully describe the electromotive force the area in which the field is applied must be
considered. Flux Φ (Vs) takes into consideration both the field density B(

Vs
m2

)and the area

A(m2 ) of the field.
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4.2.1 Ways to induce voltage
There are three ways to induce a voltage. The first way is to change the
magnetic field. The axial flux generator, which we are designing, utilizes the changing
magnetic field produced by the magnets to induce a voltage. The rotating magnets pass
over a number of coils each producing their own voltage. The second way is to change
the area of an individual coil in a magnetic field. The third and final way is to change the
angle between the coil and the magnetic field. Many generators today use this method to
induce a voltage. Some of these generators rotate the coils in a field and others rotate
the field around stationary coils.

4.2.2 Time varying magnetic flux
An important factor to note in generators is that the greater the change in
magnetic field the greater the induced voltage. Translating this to the construction of a
wind turbine is that the greater the velocity of the wind the greater the rate of change in
the magnetic field and hence more voltage will be produced. Faraday discovered that the
induced voltage was not only proportional to the rate of change in the magnetic field but
it is also proportional to the area of the magnetic field. This area directly relates to the
size of each coil in a generator or the area of a coil. Increasing the size of each coil will
proportionally increase the voltage output. A term known as the magnetic flux is
formulated from the dot product of the area and the magnetic field density in a uniform
field.

Flux = ∅𝐵 = BA cos θ
In most cases a uniform magnetic field cannot be produced so the flux is
calculated by the integral of the magnetic field with respect to the area.

∅B = ∫ B dA
A close approximation of the induced voltage can be taken using the dot product.
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4.2.3 Flux
The magnitude of the magnetic flux is greatest when the coil in a magnetic
field is perpendicular to the field. In the design of an axial flux generator it is best to keep
the coils perpendicular to the field produced by the permanent magnets. In many
conventional motors a winding rotates inside a magnetic field. The number of windings is
increased so that each winding is positioned close to 90 degrees to the field. Figure 4.1
illustrates this concept. In our design the angle between the coils and the field does not
change, instead the field itself varies with time.

Figure 4.1- Field Lines through Coils

Faraday's law of induction states that the induced electromotive force is equal to the
change in magnetic flux over the change in time.

v=−
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Generally the coils, which pass through this field, contain more than one
winding. The number of turns adds to produce a greater voltage. In order to take
advantage of the property of Faraday's law, we wound our coils with 5000 turns. This
design choice will increase the voltage each coil will produce. The coils we built are shown
in the Figure 4.2 below.

Figure 4.2 Coils Placement

4.2.4 Coil Design
The number of windings per coil produces a design challenge. The more
windings will increase the voltage produced by each coil but in turn it will also increase
the size of each coil. In order to reduce the size of each coil a wire with a greater size
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gage can be utilized. Again another challenge is presented, the smaller the wire becomes
the less current will flow before the wire begins to heat up due to the increased resistance
of a small wire. Each one of our coils has a measured resistance of 40 Ω; a smaller gage
wire would further reduce this resistance.

When designing a generator the application, which it will be used for, must
be kept in mind. The question must be answered, which property, the current or the
voltage, is of greater importance? The problem that is produced by a larger coil is the field
density is decreased over the thickness of the coil. The thickness of the coil is what
reduces the flux magnitude. In our design we have chosen to sandwich the coils between
two attracting magnets.

Figure 4.3 Coil and Design

This design will increase the field density greatly improving the voltage
output. The increased thickness of a coil would therefore increase the distance between
the two magnets reducing the flux. A balance must be found between the amount of
voltage required and the amount of current required. We have chosen to use a very high
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gage wire to increase the amount of voltage the generator can provide. If the generator
is required to produce more current the coils can be replaced with those of a smaller gage
wire. The permanent magnets we have chosen to use provide a very strong magnetic
field.

4.2.5 Coil Polarity
Lenz's law states that the induced EMF is always opposing the original
change in flux. This law will help explain the direction of current flow in each coil. In an
axial flux generator the magnets flow over each coil producing a changing magnetic field.
As an individual magnet enters the area of a coil, the coil produces a magnetic field
opposing the magnets; in turn a current flows in a direction according to the right hand
rule.

Figure 4.4 - Magnet Entering Coil Region
When a magnet is positioned directly over a coil the magnetic field produced
by the coil equals the magnetic field produced by the magnet, therefore the voltage will
go to zero and no current flows at this instant.
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Figure 4.5 - Magnet Directly Above Coil Region

When the magnet finally exits the area of the coil, the coil now produces a
field that coincides with the direction of the magnet. This in turn produces a current that
flows in the opposite direction that it was originally flowing when the magnet entered the
region.

Figure 4.6 - Magnet Exiting Coil Region

Lenz's law helps us explain the voltage and current waveforms, which are
produced as the magnets pass over the coils. This law conforms to the conservation of
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energy because the magnetic field produced by the current in a coil tries to maintain the
original state of flux.
It is best to design a generator that alternates the direction of the magnetic
poles around the circumference of the rotor. The alternation of poles allows the current to
continue to flow in one direction as one magnet exits the area of a coil and another enters.
If the permanent magnet poles were not alternated the output waveform would not
produce a nice sinusoid. This alternation ultimately leads to increased power output from
the generator. It is important to notice the symmetry of the generator when
interconnecting the coils. Coils may be connected in series when they are 180 degrees
apart. Two coils connected in series will produce a voltage twice that of one coil. If two
coils are connected in series that are 90 degrees out of phase the currents will cancel
each other producing no output.

4.2.6 Calculations
Simple calculations can be performed in order to estimate the voltage a coil can
produce as a result of a changing magnetic field. These calculations will be done for one
coil. This coil is between two attracting permanent magnets that are "yoked" together by
a steel plate. The steel plate helps control and maintains the magnitude of the field lines
from one magnet to the next. The calculations will be done at a turbine speed of 100RPM.
There are eight magnets and six coils, which results in 1.33 magnets per coil. Using this
ratio we will adjust the field intensity of one set of magnets accordingly. These calculations
will be done considering the time it takes for one magnet to pass over a half of a coil.

First we will perform the calculations for a rectangular coil. The concept can be
applied to coils of varying geometries.
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Figure 4.7 - Rectangular Coil

Formula for the flux is shown below:

Now we can graph the flux as is varies over time:

Figure 4.8 - Flux Waveform

We know the voltage is a function of the flux, the equation is shown below:
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The waveform for the voltage as is varies with time is shown below:

Figure 4.9 - Voltage Waveform

1. Finding Field Density (B)
Now we move to another more useful graph the magneto motive force (Hl) measured in
Amperes versus the flux (BA) measured in Webers.

First we have to find the surface area of our magnets.

The length (l) or height of the magnets is given.

Given these values we can calculate the magnetomotive force (Hl).
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𝐻𝑙 = 𝐻 × 𝑙
= (875 × 103 ) × (0.019)
= 16.66 × 103 𝐴

The flux is also calculated using the field density and magnet area.

∅ = 𝐵𝐴𝑐𝑜𝑠𝜃
= (1.32) × (8.55 × 10−4 )
= 1.12 × 10−3 𝑊𝑒𝑏𝑒𝑟
In order to find the true value of the field density between to magnets we must calculate
the reluctance (Rm) of the air gap.

Figure 4.10 – Distance between magnets
The permeability of free space (μ0) is 4π×10-7 N/A2. The distance between the two
magnets (δ) is 0.05m, therefore the reluctance is calculated as:
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𝑅𝑚 =
=

1 2𝛿
𝜇𝑜 𝐴
1
2(0.05)
×
4𝜋 × 10−7 8.55 × 10−4

= 94 × 106

𝐴𝑚𝑝𝑒𝑟𝑒−𝑡𝑢𝑟𝑛𝑠
𝑊𝑒𝑏𝑒𝑟

Using the circuit analogy we can find the relationship between the
reluctance and the magnetomotive force. The voltage source (V) is represented by the
magnetomotive force (Hl) and the current (I) is represented by the flux (Φ). The simple
resistive circuit is shown below.

Figure 4.11 – Circuit Analogy

Using Ohm’s law we can find the value of the flux (Φ0) and therefore the
field density. The reluctance is divided by the value of the flux found about to find the
slope. This slope will intersect the H-B characteristic which determines our operating
point. Figure 4.12 Magnetomotive Force is shown below.
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Figure 4.12 – Magnetomotive Force

Using the relationship found above between the field intensity, density and
flux we can find the true value of the flux from the operating point. We see that the
maximum flux is approximately 5.9×10-4 Weber when a magnet is directly above a coil.

In order to find the voltage induced in a single coil we must determine the
time it takes the flux to increase from zero to its maximum value. The change in time is
shown in the figure 4.13.
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Figure 4.13 – Coil position with time

If the generator is rotating at velocity (v) 0.63m/s or 50 rev/min the change
in time is calculated below using the radius (r) of a coil.

𝑑𝑡 =
=

1
×𝑟
𝑣
1
0.63

× 0.0191

= 0.03 𝑠𝑒𝑐
From these values we can now calculate the maximum voltage given 400
turns (N) per coil.

𝑣=𝑁

𝑑∅
𝑑𝑡

= 400 ×

5.9 ×10−4
0.03

= 7.86 𝑉
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CHAPTER 5
MAGNETIC LEVITATION

In selecting the vertical axis concept for the wind turbine that is implemented
as the power generation portion of this project, a certain uniqueness corresponded to it
that did not pertain to the other wind turbine designs. The characteristic that set this wind
generator apart from the others is that it is fully supported and rotates about a vertical
axis. This axis is vertically oriented through the centre of the wind sails which allows for
a different type of rotational support rather than the conventional ball bearing system
found in horizontal wind turbines. This support is called maglev which is based on
magnetic levitation. Maglev offers a near frictionless substitute for ball bearings with little
to no maintenance.

5.1 THEORY
The amount of magnetic force needed to counteract the weight of the wind
turbine can be explained by following theory.
From law of attraction,

F=

G 𝑊1 𝑊2
r2

Then, the equation is rewritten as below to calculate the magnetic force between two
poles

F=

𝜇0 𝑄𝑚1 𝑄𝑚2
4πr 2

Where
F: Magnetic force, 𝑁
Qm1, Qm2: Magnetic poles, 𝐴𝑚
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µo: Permeability of free space 4𝜋x10−7, 𝑁/𝐴2
r: Distance between two poles, 𝑚
The magnetic poles of the magnet can be calculated by using following equation

𝑄𝑚1,𝑚2 = 𝐻𝑐1,𝑐2 A
Where,
Hc1,c2: Coercive force, 𝐴/𝑚2
A: Pole face area, 𝑚2
Assuming the distance, r is constant. Then the equation can be rearranged as

F=

μ0 Hc1 Hc2
4πr 2

According to the equilibrium of forces,

∑F = 0
mg − F = 0
F = mg
Where,
F: Magnetic force, 𝑁
m: Total mass of wind turbine needed to levitate,𝑘𝑔
g: Gravitational acceleration, 𝑚𝑠 −2
Therefore, the magnetic force must have equal forces to the weight of the wind turbine
so that it will levitate.
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5.2 MAGNETIC SELECTION

Some factors need to be assessed in choosing the permanent magnet
selection that would be best to implement the maglev portion of the design.
Understanding the characteristics of magnet materials and the different assortment of
sizes, shapes and materials is critical. There are four classes of commercialized magnets
used today which are based on their material composition each having their own magnetic
properties.

Figure 5.1 -B-H Curve of Various Magnetic Materials

The four different classes are Alnico, Ceramic, Samarium Cobalt and Neodymium Iron
Boron also known Nd- Fe-B. Nd-Fe-B is the most recent addition to this commercial list
of materials and at room temperature exhibits the highest properties of all of the magnetic
materials. It can be seen in the B-H graph shown in Figure 5.1 that Nd-Fe-B has a very
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attractive magnetic characteristic which offers high flux density operation and the ability
to resist demagnetization. This attribute will be very important because the load that will
be levitated will be heavy and rotating a high speeds which will exhibit a large downward
force on the axis.
The next factor that needs to be considered is the shape and size of the
magnet which is directly related to the placement of the magnets. It seems that levitation
would be most effective directly on the central axis line where, under an evenly distributed
load, the wind turbine centre of mass will be found as seen in Figure 5.2. This figure
shows a basic rendition of how the maglev will be integrated into the design. If the
magnets where ring shaped then they could easily be slid tandem down the shaft with the
like poles facing toward each other. This would enable the repelling force required to
support the weight and force of the wind turbine and minimize the amount of magnets
needed to complete the concept.

Figure 5.2 -Basic Magnet Placement
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The permanent magnets that were chosen for this application were the
N35 magnets from Magnatronix. These are Nd-Fe-B ring shaped permanent magnets
that are nickel plated to strengthen and protect the magnet itself. The dimensions for the
magnets are reasonable with a outside diameter of 40mm, inside diameter of 20mm and
height of 10mm.

5.3 B-H CURVE

All of the following information explains the importance of the B-H curve
corresponding to magnet design.
The hysteresis loop also known as the B-H curve, where B is the flux density
and H the magnetizing force, is the foundation to magnet design and can be seen in
Figure 5.3. Each type of material has its own B-H characteristic which describes the
cycling of the magnet in a closed circuit as it is brought to saturation, demagnetized,
saturated in the opposite direction, and then demagnetized again under the influence of
an external magnetic field.

Figure 5.3 -General Hysteresis Loop
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Of the four quadrants that the hysteresis loop passes through on the B-H
graph, the most important is the second. This quadrant commonly known as the
demagnetization curve, will give the operating point of a permanent magnet at a given air
gap. In the case of maglev for the wind turbine, the air gap corresponds to the space in
between the two opposing magnets and should stay moderately constant as long as the
wind is not too violent. If the air gap where to change, the operating point of the magnets
on the B-H curve will change respectively.
The most important points of the hysteresis loop are when it intersects with
the B-H. The point where the curve intersects the B axis in the second quadrant is known
as the magnets retentivity, which is the point where a material will stay magnetized after
an external magnetizing field is removed. This is also known as the residual induction
point which is denoted by BR(MAX) and is where the flux density is at its maximum for a
specific material as seen in Figure 5.4. The next point that is relevant to magnet design
is the point at which the curve intersects the H axis. This point is known as the materials
coercivity which is the intensity of the applied magnetic field required to reduce the
magnetization of that material to zero after the magnetization of that material has been
driven to saturation.

Figure 5.4 -General B-H Curve: Second Quadrant

This point is also known as the coercive force which is denoted by Hc as seen in Figure
5.4. The last point that is important to the maglev design is the resultant product of B and
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H which is denoted by BH(MAX). This point represents when the energy density of the
magnetic field into the air gap surrounding the magnet is at its maximum.

5.4 CALCULATIONS

Calculating the force between the two selected magnets is critical because
this data will show whether or not this maglev system will be able to support the load of
the wind turbine. The main obstacle in this permanent magnet design was finding the
distribution of the magnetic flux in this magnetic “circuit”. Variables that needed to be
considered were the distribution in the air gap and the distortion caused by the opposing
magnetic force. With finite analysis tools and experience, one may be able to get an
accurate approximation to find this flux distribution. These tools are not available in this
situation so educated assumptions will have to be made. This section will go through the
step by step calculations and any simplification assumptions made in order to find the
desired force.

Figure 5.5 -Magnetic Circuit

To understand how to calculate the repelling force between two magnets,
one must first understand how to relate the force, F that is caused by the magnet to its
flux, ф. This can be put into perspective by deriving the formula from the simple magnetic
circuit shown in Figure 5.5. A material with a very high permeability has a wire wrapped
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around it N times and has a current i, flowing through it. This material has a diameter D
and area A that will become a magnetic pole while current is flowing through it. There is
another piece of material with a very high permeability directly below the magnet with an
air gap between them that is X meters away.
To find the magnetic force in between the two materials a relationship needs
to be established in terms of current and work. As more current is injected into the wire,
more work is done hence the magnetic force getting stronger. Essentially the wire that is
wrapped around the high permeability material is an inductor. A time varying voltage v(t),
across an inductor with the inductance L and the time varying current i(t) going through it
can be described by the differential equation.

When equation is substituted into the power equation supported by Ohm’s
Law we have equation.

This equation can now be related to work because it is known that power is the integral
of work which will result in equation below.

Work is also equal to the integral of force so if the derivative is taken for the
whole equation, the force F which is the unknown variable will be equal to the derivative
of work as seen in equation.

There are some variables that have to be substituted into equation in order
to arrive to the equation that is desired. The reluctance Z is given by the equation,
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And inductance is given by the equation,

After both formulas were substituted into equation, we arrive to equation
which is in the form in which the derivative can be taken in order to find the force in a
given air gap as seen in equation below.

Equation can be manipulated by multiplying it by one in order to get the equation in terms
of flux as seen in equation.

Where,

Hence,
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The relationship between the force in the air gap of a magnetic circuit and
flux is clear. What was proven can now be applied to the permanent magnet concept
which applies to this application. The website for the permanent magnets(N35) supplied
the specs that are required to make this calculation as seen in Table 5.1.

Max. Energy

Residual Flux

Coercive

Outer

Inner

Product

Density

Force

Diameter

Diameter

BH(MAX)

BR(MAX)

HC

DO

DI

33-35 MGOe

11.7-12.1

>11.0 KOe

40 mm

20 mm

Thickness
h

5 mm

KGs

Table 5.1 -Permanent Magnet Specifications

Again the force that is desired is the permanent magnet repelling force in
the air gap of the magnet. This force will be obtained from equation but the flux ф is
unknown at this point. Ф is going to be difficult to find in this situation because of the
absence of finite analysis tools but approximations can be made to get a close estimate.
Under normal operating conditions with no outside influence, it can be assumed that the
flux distribution is proportional around a magnet as seen in Figure below

MAGLEV WIND MILL

44

Figure 5.6 -Flux Distribution around Permanent Magnet

The magnets used in this design is N-35 grade NdFeB magnets. The flux
density of such magnet is 2100 Gauss and that is indicated by the green glow of light in
the figure below. The values of flux densities varies as distance changes from the magnet.
The change in flux density is shown as colour changes in the figure. The concentric flux
lines are directed outwards as shown in the figure.

Figure 5.7 - Flux lines around Permanent Magnet
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CHAPTER 6
DC – DC CONVERSION
6.1 CIRCUIT SELECTION
Many different types of DC-DC converters have been designed since their
conception. Some well-known types of DC-DC converters are the step-down (buck), stepup (boost) and step-down or step-up (buck boost). These are non-isolated converters
which do not use a transformer to isolate the input from the output like converters such
as the “Fly Back”. In order to choose the right converter for this application, the
parameters of input and output must be known.

The input power will be driven by the wind, so it is clear that the amplitude
will be unstable because it is going to fluctuate with respect to the wind speed. This
variable AC power that will be provided by the wind generator will have to be rectified so
that it is a relatively stable input for the converter that is selected. The desired output is a
steady power source that will have a constant 5 volts DC and be able to supply enough
current to drive an LED. It can be concluded that the type of converter required for this
application must be able to buck and boost the input supply in order to keep the output
steady. A simple buck-boost converter would be a valid solution for this problem but there
are a few drawbacks to this design. As displayed in Figure VII.1, one of the disadvantages
of using this configuration is that the transistor, which will be modelled as an ideal switch
for simplicity purposes, is not terminated to ground. This will make the circuit design more
complicated because a feedback controller will be required which will control the switching
of the transistor and in turn the amplitude of the output. For the controller to function
properly which will be discussed in more detail later, current sensing is required at the
source of the transistor which needs to be terminated directly to ground in order to
minimize circuit components and to get an accurate current reading. The other
disadvantage to this circuit design is the fact that the output polarity is opposite to that of
the input. This characteristic is caused due to the configuration of the circuit where the
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diode is reversed bias only allowing current to flow when the switch is open and the
inductor is supplying the output.

Figure 6.1 – Boost converter

6.2 ANALYSIS
6.2.1 Circuit Description
The single ended primary inductor converter, better known as the SEPIC,
was chosen as the DC-DC converter implemented in this design. The properties that are
inherent in the SEPIC are desirable in many applications, the most popular being in the
use of batteries. Most applications that require power from a battery require the voltage
to remain absolute or within a small range. As the power supplied by a battery decays
with usage and time, the voltage drops with it. The SEPIC allows for more efficient use of
batteries because they can help maintain the constant voltage demanded by the load and
lengthen the overall life of the battery. Alternative energy applications pose a similar
situation where, in the case of wind power, the fluctuations in wind speed would not offer
a constant voltage to a load and the SEPIC could regulate that voltage.

Though the SEPIC looks more complex compared to the buck-boost as
seen in Figure 6.2, there are distinct advantages to these additional components. The
SEPIC stores energy in the magnetic field with the inductors L1 & L2, and energy in the
electric field with the capacitors C1 & C2. The switch Q1 is what allows these components
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to exchange the energy back and forth which determines the output. For more efficient
design purposes, the two inductors can be coupled together on the same core because
the same voltages are applied to them throughout the switching cycle. Another desirable
property is the coupling capacitor, which provides isolation between the input and output
blocking DC and offering protection from short circuit loads.

Figure 6.2 - SEPIC DC/DC Converter Circuit with Feedback

6.2.2 Block Diagram
Figure 6.3 displays a system block diagram focusing primarily on the SEPIC
circuit that will be implemented in the overall project design. Block by block it can be seen
that there is an expected variable wind velocity that will drive the generator. The power
input will then be rectified independently from the generator and then filtered to ensure a
relatively stable DC voltage supply for the SEPIC circuit. Once the power reaches the
input of the SEPIC circuit it is expected to be clean DC with a variable amplitude of 3-5
volts under normal working conditions. The SEPIC circuit will then take the variable input
and output a constant 5 volts DC. To ensure that this output voltage stays constant, a
pulse width modulator will be implemented as the feedback to constantly sample the
output and vary the duty cycle input the transistor gate respectively.
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Figure 6.3 – Circuit Block Diagram

6.2.3 Operation Principles
The circuit in Figure 6.4 displays an ideal SEPIC DC-DC converter
operating in continuous conduction mode with the switch in the “ON” mode. The diode is
reverse bias so the inductors are independent from the load during this time. Inductor L1
is being charged by the source and inductor L2 is being charged by the capacitor C1. On
the output, the capacitor C2 is discharging supplying the load.

Figure 6.4 – Ideal SEPIC DC/DC Converter Circuit -ON MODE
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The circuit in Figure 6.5 displays an ideal SEPIC DC-DC converter
operating in continuous conduction mode with the switch in the “OFF” mode. The diode
is now forward biased allowing current to flow from the source to the output. Current from
inductor L1 continues to flow and charges the capacitor C1, capacitor C2 and provide
current to the load. All of the capacitors are now charged and will provide energy to the
inductors when the switch returns to the “ON” mode.

Figure 6.5 – Ideal SEPIC DC/DC Converter Circuit -OFF MODE
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CHAPTER 7
PROTOTYPE

Some modifications are made in order to overcome the limitations of
theoretical design of magnetically levitated vertical axis wind turbine and a prototype is
constructed. This section include details of modifications made.
7.1 MAGNET PLACEMENT
Two ring type neodymium (NdFeB) magnets of grade N-35 of outer
diameter 40 mm, inner diameter 20 mm and thickness 10 mm are placed at the center of
the shaft by which the required levitation between the stator and the rotor is obtained.
Similar Disc type magnets of 25 mm diameter are arranged as alternate poles one after
the other, along the periphery of the rotor made of plywood of 40mm diameter as in figure
7.1. These magnets are responsible for the useful flux that is going to be utilized by the
power generation system.

Figure 7.1 – Magnet Arrangement
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7.2 COIL ARRANGEMENT

46 gauge wires of 5000 turns each are used as coils for power generation.
14 sets of such coils are used in the prototype. These coils are arranged in the periphery
of the stator exactly in a line to the arranged disc magnets. The coils are raised to a certain
height for maximum utilization of the magnetic flux. Each set of such coils are connected
in series to obtain maximum output voltage. The series connection of the coils are
preferred over the parallel connection for optimizing a level between the output current
and voltage. The coil arrangement is shown in figure 7.3.

Figure 7.2 – Coil (Single Set)
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Figure 7.3 – Coil Assembly

If the amount of current was more important in the output of the system,
neglecting the voltage, the coils could have been replaced with lesser gauge and they
could have been connected in parallel.

7.3 LEVITATION BETWEEN STATOR AND ROTOR

In the designed prototype, the stator and rotor are separated in the air using
the principle of magnetic levitation. The rotor is lifted by a certain centimeters in the air
by the magnetic pull forces created by the ring type Neodymium magnets. This is the
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principal advantage of a maglev windmill from a conventional one. That is, as the rotor
is floating in the air due to levitation, mechanical friction is totally eliminated. That makes
the rotation possible in very low wind speeds. Figure 7.4 illustrates the magnetic
levitation in our prototype.

Figure 7.4 – Magnetic Levitation

7.4 BLADE DESIGN

The blades used in this prototype are not of the conventional type. In this
prototype, we have followed a blade structure known as Savonius type of wind blade.
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The main peculiarity of this type of blade is that its lower portion have an increased width
and upper portion is narrow. This helps for the wind density to be increased in the bottom
side and this in turn increases the total system stability. The blades in our prototype is
shown in figure 7.5.

Figure 7.5 – Savonius Type Blades
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7.5 FINAL MODEL

The overall structure of the prototype designed is shown in the figure 7.6.
The output voltage obtained from this prototype is measured using a multimeter and it is
found to be some value around 40 volts.

Figure 7.6 – Total Prototype Structure
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7.6 AC-DC CONVERSION

An AC–DC coversion module is used at the output end of the prototype.
This module consists of a full bridge rectifier consisting of 4 diodes and a voltage
regulator. The output of this converter module is found to be a steady DC value. The
converter module used in the prototype is shown in figure 7.7.

Figure 7.7 – Converter Module
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CHAPTER 8
CONCLUSION

At the end of the project, the magnetically levitated vertical axis wind turbine
was a success. The rotors that were designed harnessed enough air to rotate at low and
high wind speeds while keeping the centre of mass closer to the base yielding stability.
The wind turbine rotors and stator levitated properly using permanent magnets which
allowed for a smooth rotation with negligible friction. At moderate wind speeds the power
output of the generator satisfied the specifications needed to supply the LED load. An
output ranging from 5V to 60V was obtained from the magnetic levitated vertical axis wind
turbine prototype. A modified design of savonius model wind turbine blade was used in
the construction of the model. An aluminium shaft was used to avoid the wobbling
movement of the rotor. Overall, the magnetic levitation wind turbine was a successful
model.

8.1 LIMITATIONS
In terms of large scale power production, vertical axis wind turbines have
not been known to be suitable for these applications. Due to the overall structure and
complexity of the of the vertical axis wind turbine, to scale it up to a size where it could
provide the amount of power to satisfy a commercial park or feed into the grid would not
be practical. The size of the rotors would have to be immense and would cost too much
to make. Aside from the cost, the area that it would consume and the aesthetics of the
product would not be desired by this type of consumer. Horizontal axis wind turbines are
good for these applications because they do not take up as much space and are
positioned high up where they can obtain higher wind speeds to provide an optimum
power output.
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8.2 FUTURE SCOPE
The home for the magnetically levitated vertical axis wind turbine would be
in residential areas. Here it can be mounted to a roof and be very efficient and practical.
A home owner would be able to extract free clean energy thus experiencing a reduction
in their utility cost and also contribute to the “Green Energy” awareness that is increasingly
gaining popularity. The maglev windmill can be designed for using in a moderate scale
power generation ranging from 400 Watts to 1 KW. Also it is suitable for integrating with
the hybrid power generation units consisting of solar and other natural resources.
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