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I. ABSTRACT 

 

This project dwells on the implementation of an alternate configuration of a wind turbine 

for power generation purposes. Using the effects of magnetic repulsion, spiral shaped wind 

turbine blades will be fitted on a rod for stability during rotation and suspended on 

magnets as a replacement for ball bearings which are normally used on conventional wind 

turbines. Power will then be generated with an axial flux generator, which incorporates the 

use of permanent magnets and a set of coils. A SEPIC converter will then be used to 

regulate the varying voltage from the rectifier to output a steady DC voltage. 
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II. INTRODUCTION 
 

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. This popularity has been 

bolstered by cutting edge research and ground breaking technology that has been 

introduced so far to aid in the effective tapping of these natural resources and it is 

estimated that renewable sources might contribute about 20% – 50% to energy 

consumption in the latter part of the 21st century. Facts from the World Wind Energy 

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 [2.1]. 

 

This project focuses on the utilization of wind energy as a renewable source. In the United 

States alone, wind capacity has grown about 45% to 16.7GW and it continues to grow with 

the facilitation of new wind projects [2.2]. The aim of this major qualifying project is to 

design and implement a magnetically levitated vertical axis wind turbine system that has 

the ability to operate in both high and low wind speed conditions. Our choice for this model 

is to showcase its efficiency in varying wind conditions as compared to the traditional 

horizontal axis wind turbine and contribute to its steady growing popularity for the 

purpose of mass utilization in the near future as a reliable source of power generation. 

 

Unlike the traditional horizontal axis wind turbine, this design is levitated via maglev 

(magnetic levitation) vertically on a rotor shaft. This maglev technology, which will be 

looked at in great detail, serves as an efficient replacement for ball bearings used on the 

conventional wind turbine and is usually implemented with permanent magnets. This 

levitation will be used between the rotating shaft of the turbine blades and the base of the 

whole wind turbine system. The conceptual design also entails the usage of spiral shaped 

blades and with continuing effective research into the functioning of sails in varying wind 

speeds and other factors, an efficient shape and size will be determined for a suitable 

turbine blade for the project. 

  

With the appropriate mechanisms in place, we expect to harness enough wind for power 

generation by way of an axial flux generator built from permanent magnets and copper 

coils. The arrangement of the magnets will cultivate an effective magnetic field and the 

copper coils will facilitate voltage capture due to the changing magnetic field. The varying 
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output voltage obtained at this juncture will then be passed through a DC-DC converter to 

achieve a steady output DC voltage. 
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III. 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 and the DC-DC converter. 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. 

 

A. 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 [3.1]. 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 

[3.1]. 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. 

 

B. 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. 
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C. 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 [3.2]. In this project, we expect to implement this technology for 

the purpose of achieving vertical orientation with our rotors as well as the axial flux 

generator. 

 

D. DC-DC Conversion 
 

In order to begin the analysis of DC-DC converters it is important to first understand the 

concept behind a converter. 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 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. These qualities of DC-DC converters are the foundation of the circuit that will 

be chosen for this project.  
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IV. WIND POWER AND WIND TURBINES 
 

A. 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 behavior. 

 

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 [4.1]. 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.  

We know: 

 

                                                             ������� ���	
� � 12���                                                        �4.1� 
 

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: 

 � �   ρAV 

 

Substituting the value of M in equation 4.1 we get: 

                                                         ������� ���	
� � �� �ρAV���                                                       (4.2) 

 

                                                           ������� ���	
� � 12 ρAV�                                                          �4.3� 
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To convert the energy to kilowatts, a non-dimensional proportionality constant k is 

introduced where, 

 � � 2.14 � 10�� 

 

Therefore 

 

                                           � !"# $% &' �(� � ). *+,-./ � *0�/                                       �+. +� 

 

Where: 

 1$# 2"%3$45 �6� � 1.2kg/9�/2.33 � 10��slugs/;�� 

 1#"<�1� � area swept by the blades of the turbine 

 N"O P$45 �N� � wind speed in mph 

 

With equation 4.4 above, 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 [4.2]. 
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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 vertical-axis 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 IV.1.  

 

 

Figure IV.1 -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.  
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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 IV.2. 

 

 

Figure IV.2 -Darrieus Model 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 4.2 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 
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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 IV.3. 

 

 

Figure IV.3 -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. 

 

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. 
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Figure IV.4 -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 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 
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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 IV.5. 
 

 

Figure IV.5 -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 aluminum 

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 IV.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 IV.6 -Rotors Connected to Stator 

 
The presence of the 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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V. Generator 

A. Introduction 
 

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) [5.1]. 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: � � RS TUTV .  

B. Induced EMF From Changing Magnetic Field 
 

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 

[5.1]. 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. 

C. 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 BWXYZ[\and the area A�9�� of the 

field.  
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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 [5.1].  

 

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[5.2]. 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 �  ΦB �  BAcosθ                                                      (3.1) 

 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.  

  

                                                                         Φa  �  ∫ B⋅dA                                                                  (3.2) 

A close approximation of the induced voltage can be taken using the dot product.  

 

3. Flux Magnitude 

 

The magnitude of the magnetic flux is greatest when the coil in a magnetic field is 

perpendicular to the field [5.2]. 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 
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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 V.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 V.1 - Field Lines through Coil 

 

Faraday's law of induction states that the induced electromotive force is equal to the 

change in magnetic flux over the change in time [6].   

                                                                            b �  R cΦcd                                                                         (3.3) 

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 400 turns. This design choice will 

increase the voltage each coil will produce.  The coils we built are shown in the figure 

below.  



 

 

Figure 

4. Coil Design 
 

The number of windings per coil produces a design challenge. 

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 gage can be utilized. 

Again another challenge is presented, the s

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

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 

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. 
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Figure V.2 - Coils (400 Turns) 

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 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 

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. 

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 gage can be utilized. 

maller 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 

Ω; a smaller gage wire would further 

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 

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.  



 

17 
 

 
Figure V.3 - Coils and Magnets 

 

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 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.  

 

5. Coil Polarity 
 

Lenz's law states that the induced EMF is always opposing the original change in flux[5.3]. 

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.  

0.75” 

Field Lines 

0.1675” 

2” 
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Figure V.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.  

 
Figure V.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.  
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Figure V.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 energy because the 

magnetic field produced by the current in a coil tries to maintain the original state of flux.  

 

 
 

Figure V.7 - Voltage from A Single Coil 
 

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 
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in series that are 90 degrees out of phase the currents will cancel each other producing no 

output.  

D. 3-Phase Connections 
 

A 3-phase connection implies that a generator produces three voltages each with their own 

phase angle.  A major advantage of the 3-phase connection is that the output allows the 

current to peak a different times allowing for smaller more frequent peaks as opposed to 

one large peak produced in a single phase connection.  These smaller current peaks 

produce less vibration as the generator spins.  Less vibration leads to less wear on the parts 

of the generator such as the bearings.   

1. Types of Connections 
 

There are two basic 3-phase connections known as wye and delta.  During analysis we may 

assume a balanced condition, which refers to all three voltages having equal magnitude and 

being displaced by 120 degrees [5.4].  We made use of six coils in our generator allowing 

for two coils per phase.  Coils opposite each other in the physical design are connected in 

series in turn summing the voltages from each coil to produce a phase voltage.  The circuit 

diagrams for the wye and delta connections to the rectifier are shown below.   

 
Figure V.8 - Wye Connection 
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Figure V.9 - Delta Connection 

 

Three voltages, equal in magnitude, following a sequence a-b-c.  Using this convention ‘a’ 

leads ‘b’ by 120 degrees and ‘b’ in turn leads ‘c’ by 120 degrees [5.4].  Each phase voltage is 

superimposed upon the other in the figure below, illustrating the phase shift.   

 

 
 

Figure V.10 - Three Phase Voltage in Time Domain 
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The phases are displaced both in the time and the phasor domain.  The phasor domain is 

shown below.   

 
Figure V.11 - Three Phase Voltage in Phasor Domain 

The voltage equations can be written in phasor form.  Each voltage phase with respect to 

the neutral is the phase voltage amplitude shifted 120 degrees.   

 

�ef � �Yghijk lkem n 0°                                                (3.4) 

�of � �Yghijk lkem n R120°                                                  (3.5) 

�jf � �Yghijk lkem n R240°                                                  (3.6) 

 

In a balanced three phase system the voltages from each phase sum to equal zero.  

�<% p �q% p �jf                                                                 (3.7) 

 

2. Harmonics 

Any generator produces a fundamental voltage waveform.  Harmonics are known as 

multiples of this fundamental voltage [5.2].  Due to the magnetic symmetry involved in our 

generator design we are only concerned with the odd harmonics.  If the generator is 

operating at a given frequency the odd harmonics will be 3,5,7 etc. times this fundamental 
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frequency.  The higher order harmonics do not contribute significant parasitic effects due 

to their decrease in magnitude.   

 

A 3rd harmonic will not flow in a wye-connected generator unless the neutral is attached.  A 

delta-connection will produce a harmonic current that loops through the windings.  The 

figure below illustrates the harmonic current in a delta connection.   

 

 
Figure V.12 - Harmonic Current in Delta-Connection 

 

The biggest concern with harmonics is the reduced efficiency and heat produced in the 

windings [5.2].  Generators are limited by the permitted rated temperature.  The 

magnitude of the current is the component that should be noted.  The losses are 

proportional to the square of the current.  Another concern caused by harmonics is the 

quality of the generated waveforms.  Distortion in the waveform can be caused by 

excessive harmonics.  We originally had only four magnets in our design, which produced 

significant harmonic distortion in the generated waveform.  The addition of twelve 

magnets significantly reduced the distortion.  
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E. 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.  

 
Figure V.13 - Rectangular Coil 

The formula for the flux is shown below. 

r � st�uv                                                                                        (3.8) � ws � �x�� R s�y R x�� z{ 
Now we can graph the flux as is varies over time.  

 
Figure V.14 - Flux Waveform 

We know the voltage is a function of the flux, the equation is shown below. 

| � S TUTV                                                                       (3.9) 
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The waveform for the voltage as is varies with time is shown below. 

 

 
Figure V.15 - Voltage Waveform 

 

 

1. Finding Field Density (B) 

 

Now we move to another more useful graph the magnetomotive force (Hl) measured in 

Amperes versus the flux (BA) measured in Webers. 

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

tYhi}ejk � ~� ��                                                                            (3.10) 

� �4 0.0381� 

           � 8.55 � 10�� 9� 

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

{ � 0.0199 

Given these values we can calculate the magnetomotive force (Hl).  

    �{ � � � {                                                                                      (3.11) 

� �875 � 10�� � �0.019� 

� 16.66 � 10� t 

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

r � st�uv�                                                                                 (3.12) 

� �1.32� � �8.55 � 10��� 

� 1.12 � 10�� ����	 
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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 V.16 - 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: 

�Z � ���
���                                                                                          (3.13) 

� 14� � 10�� � 2�0.05�8.55 � 10�� 

� 94 � 10�  t9��	� R �x	�v����	  

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 V.17 - 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 V.18 - 

Magnetomotive Force is shown below.  
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Figure V.18 - 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 

below.  

 

 
Figure V.19 - Time Varying 
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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.  

�� � �� � 	                                                                        (3.14) 

� 10.63 � 0.0191 

� 0.03 v�� 

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

| � S TUTV                                                                        (3.15) 

� 4005.9 � 10��0.03  

� 7.86 � 
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VI. MAGNETIC LEVITATION 

A. Introduction 

 
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 center 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.   

 

B. Magnet 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 [6.1]. 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 VI.1 that Nd-Fe-B has a very attractive magnetic 

characteristic which offers high flux density operation and the ability to resist 

demagnetization [6.3]. 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.  
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Figure VI.1 -B-H Curve of Various Magnetic Materials 

 

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 center of mass will be found as seen in Figure VI.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.  
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Figure VI.2 -Basic Magnet Placement 

 

The permanent magnets that were chosen for this application were the NX8CC-N42 

magnets from K&J Magnetics. These are Nd-Fe-B ring shaped permanent magnets that are 

nickel plated to strenthen and protect the magnet itself. The dimensions for the magnets 

are reasonable with a outside diameter of 1.5 inches, inside diameter of 0.75 inches and 

height of 0.75 inches.  

 

C. B-H Curve 

 
All of the following information is supported by reference [6.1] and 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 VI.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. 

Of the four quadrants that the hysteresis loop passes through on the B-H graph, the most 
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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.  

 

 
Figure VI.3 -General Hysteresis Loop 

 

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 [6.2]. 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 VI.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 [6.2]. 

This point is also known as the coercive force which is denoted by Hc  as seen in Figure VI.4. 

The last point that is important to the maglev design is the resultant product of B and 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. 
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Figure VI.4 -General B-H Curve: Second Quadrant 

 

D. 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.  

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 VI.5. A material with a very high permeability has a wire wrapped 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. 
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Figure VI.5 -Magnetic Circuit 

 

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 (6.1). 

                                                                              |��� � y ����                                                                   �6.1� 
When equation (6.1) is substituted into the power equation supported by Ohm’s Law we 

have equation (6.2). 

                                                                          � � |� � y� ����                                                                 �6.2� 

Equation (6.2) can now be related to work because it is known that power is the integral of 

work which will result in equation (6.3). 

                                                            � � ���� � �y� ���� �� � y��2                                                �6.3� 
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 (6.4).  

                                                                       � � ���� � 12 y��                                                          �6.4� 
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There are some variables that have to be substituted into equation (6.4) in order to arrive 

to the equation that is desired. The reluctance �Z is given by the equation, 

                                                                         �Z � 1
µg

{t                             
And inductance is given by the equation, 

                                                                          y � S�
�Z 

After both formulas were substituted into equation (6.4), we arrive to equation (6.5) 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 (6.6). 

                                               � � 12y�� � �S���2 µg2� � �S���4 µgt�����                                        �6.5�  
 

                                                        � � ���� � �S���4 µgt�����                                                           �6.6� 
 Equation (6.6) can be manipulated by multiplying it by one in order to get the equation in 

terms of flux as seen in equation (6.7). 

                                                      � � �S���4�� µg�t� 1
µgt                                                   

Where, 

ф � S��Z � S�2� µgt 

Hence, 

                                                                           � � ф
�

µgt                                                                          �6.7�  
 

 

 

 



 

36 
 

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 supplied the specs that are 

required to make this calculation as seen in Table VI.1.  

 

Table VI.1 -Permanent Magnet Specifications 

BH(MAX) BR(MAX) HC DO = Dm DI h 

42 MGOe 13200 Gauss 11 KOe 1.5 inches 0.75 inches 0.75 inches 

  

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 (6.7) 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 VI.6.  

 

 

Figure VI.6 -Flux Distribution around Permanent Magnet 
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The flux will not be evenly distributed in the case of maglev because of the presence of two 

magnets facing each other in opposite polarity. The repelling force in the air gap between 

them will distort the flux distribution more and more as the magnets get closer as seen in 

Figure VI.7. To get the average flux distribution an experiment had to be developed in order 

to measure the diameter of the flux distribution on the top of the magnet, denoted by Dft 

and the diameter of the flux distribution on the bottom of the magnet, denoted by Dfb. 

 

 
Figure VI.7 -Distorted Flux Distribution 
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To get the desired flux distribution diameter, two plastic discs were cut out and fastened 

together so that the iron filings that were in between could move freely. The discs could 

then be slid down the shaft in between the magnets and on top to actually see the flux 

distribution as seen in Figure VI.8 and Figure VI.9. It can be seen that the diameter of the 

flux distribution on the top is larger than the bottom as previously assumed.  

 

 

 
 

Figure VI.8 -Flux Distribution Top, Dft 
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Figure VI.9 -Flux Distribution Bottom, Dfb 

 

The measurements obtained from the experiment were, 

 �}o � 4.25" � 0.10795 9 �}V � 3.75" � 0.09525 9 

 

The average diameter was found to be, 

 

�}�Vo� � �}V p �}o2                   
                                                                                   � 0.10795 p 0.095252                                                                                                                                                                         � 0.1016 9 
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Df(tb) can now be used to find the area of the flux distribution which is needed to find the 

area of the reluctance AR. The area is given by, 

 t� � t}�Vo� � �4 w�}�Vo� p �Zz� 

 � �4 w0.1016 p 0.0381z� 

 

                                                                � 0.00317 9� 

 

The last variable that is needed to find the reluctance is the length of the flux distribution, 

lm. This length needs to be estimated because it will be too difficult to measure previous 

way. If the flux distribution is taken in a 2-D view as shown in Figure VI.10, it can be seen 

that the flux will be at least the length of the magnet. Here it will be assumed that the un-

measurable portion of the flux length will be 2 x Rm which will be the magnets full diameter 

Dm.  

 

 
 

Figure VI.10 -2-D Flux Distribution 

 

Now that the flux length has been assumed, the reluctance R can be found by, 

 

                                                                          �Z � 1
µg

{�t�                             
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Where,  

                                                                           {� � �Z p {Z 

 

Hence, 
 

 

                                                                  �Z � 1
µg

�Z p {Zt�  

 

                                                                        �  10�4� � 0.0381 p 0.019050.00317  

                                                                         � 14.35 � 10� 

  

All the variables have been determined to develop the B-H curve to find the flux ф. To 

better understand what is happening in this problem, it can be modeled with the circuit 

shown in Figure VI.11. It can be seen that Ni corresponds to the voltage which is also equal 

to Hl. Flux corresponds to the current which flows through some reluctance Rm. By Ohm’s 

law it is known that V=IR where in this case it can be substituted for Hl= Rmф which with 

the graph shown in Figure VI.12, will allow the extraction of ф.  

 

 
Figure VI.11 -Magnetic Circuit 

 

 

 

To get the B-H axis in terms of flux, the H axis is multiplied by the magnet length l, and the 

B axis is multiplied by the magnet area A where, 

 

ф � BA 
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It is found that the maximum points on each of the primary axis will be, 

 

 

ф � BA � 1.32 � 0.00114 � 1.5 � 10���Vs� 

 

�{ � 87.54 � 10� � 0.01905 � 16.676 �t99� 

 

 

By the hysteresis curve shown in Figure 6.11, it can be seen that the point found by the 

intersection of the Rmф line with the B-H curve yields the flux at that reluctance.  

 

 
 

Figure VI.12 -Magnetomotive Force vs. Flux 
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The reluctance flux found was approximately, 

 

ф � 7.25 � 10�� 

 

Substituting the value found for flux into equation (6.7), 

 

                                                                             � � ф
�

µgt                                                                          
                                                                                 � �7.25�����4� � 10��� � �0.00114� 
                                                                                  � 366.92 S � 82.46 {� 

 

Again, this is an approximation and it seems to be very close to what was expected for the 

force. The specifications for this type of magnet say that these are 100 lb force magnets, so 

82.46 lb with approximately an inch between them seems to be in the range that was 

expected which is more than enough to levitate the wind mill. 
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VII. DC-DC CONVERSION 

A. 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), step-up (boost) and step-

down/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 modeled 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 

diode is reversed bias only allowing current to flow when the switch is open and the 

inductor is supplying the output.  
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Figure VII.1 - Boost Converter 

B. Analysis 

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 VII.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 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 [7.1]. Another desirable property is the coupling 

capacitor, which provides isolation between the input and output blocking DC and offering 

protection from short circuit loads [7.2].  
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Figure VII.2-SEPIC DC/DC Converter Circuit with Feedback 

 

2. Block Diagram 

 
Figure VII.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.  

 

 
Figure VII.3 - Circuit Block Diagram 
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3. Operation Principles: 

 

The circuit in Figure VII.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 VII.4 -Ideal SEPIC DC/DC Converter Circuit -ON MODE 

 

The circuit in Figure VII.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.  
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Figure VII.5 -Ideal SEPIC DC/DC Converter Circuit -OFF MODE 

4. ON-OFF Characteristics: 

 

In Figure VII.6 the waveforms that correspond to the ON-OFF characteristics of the SEPIC 

circuit during steady state operation are displayed. It can be seen that the switch is the ON 

mode from time 0 to DT. The voltage VQ1 during this time is 0 because the switch simply 

provides a path to ground. The current through the switch IQ1, shows the same 

characteristic as current through the inductor L1. It can be seen that the current ramps 

upward until the turn off time at DT which is the characteristic of the inductor being 

charged. Due to the fact that L1 is in series with the switch, the current is going to be the 

same through each element which explains these resultant wave forms. Inductor L2 has a 

similar waveform which also has the same charging characteristics during the ON period. 

The difference between the current through L1 and L2 is that the average amplitude of IL1 

corresponds to the input current IIN where as the average amplitude of IL2 corresponds to 

the output current IOUT. Capacitor current IC1 is discharging during this time and charging 

the inductor L2. The diode current ID1 is 0 as expected because it is reversed biased at this 

time and not conducting.  

During the time range DT to T, the transistor is in the OFF mode and it can be seen that the 

voltage VQ1 across the switch is at its peak value which is the sum of VIN and VOUT. The 

switch is not conducting at this time so no current will flow through the switch hence IQ= 0. 

The diode is now forward biased and conducting so the current ID through the diode is 

supplied from the source and the energy stored in the inductors resulting in an average 

current that is the sum of IIN and IOUT. Inductor L1 is discharging during this time and 

charging the capacitor C1 as well as providing energy to the output. Both of these elements 

are in series with each other they not only have the same average current IOUT, but they also 

show the same characteristic of the current ramping down due to the inductor discharging. 

Inductor L2 is also discharging during this time and providing energy to the output.  
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Figure VII.6 -Ideal SEPIC DC/DC Converter Circuit ON/OFF Characteristics 

 

5. Discontinuous Conduction Mode: 

 

All of the circuit analysis that had been performed was assuming the circuit was Ideal and 

in continuous conduction mode.  The SEPIC is in continuous conduction mode if the current 

IL1 through the inductor L1 never falls to zero [7.1]. Discontinuous conduction mode is an 

unwanted characteristic and occurs when there is a decrease in power. There are three 

states corresponding to discontinuous conduction mode which are rising, falling and the 

point where it is discontinuous which is at zero. Assuming the diode voltage VD is constant, 

a drop in power would result in lower inductor current which would like to be avoided. To 
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avoid this unwanted mode the duty cycle will be varied by varying the switching time 

which will help to maintain a steady output voltage.  

C. CIRCUIT DESIGN 

1. Overview 

 
The SEPIC for this project needs to be designed to regulate the variable output power of the 

wind turbine so that a stable constant voltage is yielded at the circuit output. The 

parameters that are given from the wind turbine are a variable signal from 3v – 5v AC. The 

SEPIC will be operating in continuous conduction mode and the signal that will be obtained 

at the output will be 5v DC @ 560 mA. Many considerations need to be made in order to 

obtain this output; the step by step calculations for each element of the circuit are as 

follows: duty cycle, inductor selection, MOSFET selection, diode selection, and capacitor 

selection. After the circuit is taken care of then the remaining elements that need to be 

addressed are the input rectifiers and the feedback design. 

 

2. SEPIC Design 

 
All of the equations that are used to determine the values of each element in the circuit 

shown in Figure 7.2 are supported by reference [7.3].  

a) Duty Cycle: 

 

First the minimum and maximum duty cycle will be determined by equation (7.1) and (7.2) 

where VDIODE is considering the voltage drop across the diode. 

 

                                                          �Z�f � �ghV p �T�gTk��f����� p �ghV p �T�gTk                                                �7.1� 

 

    � 5 p  0.55 p 5 p  0.5 � 0.  )/ 

 
 

                                                         �Ze¡ � �ghV p �T�gTk��f��¢£� p �ghV p �T�gTk                                                 �7.2� 
 

    � 5 p  0.53 p 5 p  0.5 � 0. ¤+¥ 
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b) Inductor Selection: 

 

The peak to peak ripple current as shown by equation (7.3) was chose to be 40% of the 

maximum input current at the minimum input voltage by rule of thumb. 

 

                                                        ∆I¨ � ©�f � 40% � ©ghV � �ghV��f�Z�f�                                              �7.3� 

 

                                                               �  560 � 10�� � 53  � 0. /¥/ 1    
 

The switching frequency was chose to be 330 kHz as recommended and also because a 

larger frequency allows for the use of smaller elements. So the inductor values can now be 

calculated by equation (7.4). 

 

                                                          y1 � y2 �  ��f��¢£�∆I¨ � ;Y«  � �Ze¡                                                     �7.4� 
 

                                                                �  30.373 � 330 � 10�  � 0.674 � * . ¥¤µ¬                  
 

 

The peak current in the inductors can now be found by equations (7.5) and (7.6) to ensure 

that the inductor does not go in to saturation.  

 

 

                                              I¨��lkem�  �  ©ghV � �ghV p �T�gTk��f��¢£�  � �1 p 40%2   �                              �7.5� 
 

                                                                �  560 � 10�� � 5 p  0.53  � 1 p 40%2   ® � *. )/) 1 

 

                                               I¨��lkem�  �  ©ghV � �1 p 40%2   �                                                             �7.6� 
 

                                                                 �  560 � 10�� � 1 p 40%2   ® � 0. ¤¥) 1 
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c) MOSFET Selection: 

 

To select the MOSFET for this SEPIC application some parameters need to be addressed 

which include the threshold voltage, on-resistance, gate-to-drain charge QGD, gate drive 

current and the drain to source voltage. Vin  + Vout  is going to make up the peak switch 

voltage and Iin + Iout is going to make up the average switch current which can both be seen 

in Figure 7.6. The RMS current can now be found by equation (7.7).  

 

                        I¯��°±�  �  ²©ghV � ���ghV p ��f��¢£� p �T�gTk� � �ghV p �T�gTk��f��¢£�� �                      �7.7� 
 

                                        �  ²560 � 10�� � ��5 p 3 p  0.5� � 5 p  0.59 � � *. )¥¤ 1                     
 

The power dissipated from the MOSFET can be approximated using equation (7.8). 

 

 

                  P̄ �  ©̄ �´µ¶�� � �·±�gf� � �Ze¡ p ���f��¢£� p �ghV� � ©̄ � �¸¹º � ;»¼�©½�¾¿              �7.8� 
 

                       � 1.904� � 0.008 � 0.647 p �3 p 5� � 1.904 � �1 � 10�À � 330 � 10��0.3    
                        � *¥¤Á' 

 

d) Diode Selection: 

 

The output diode must be selected to handle the peak current which has been found to be 

IQ and the peak reverse voltage which is found by equation (7.9). 

                                                                          �ik� � ��f p �ghV�����                                                    �7.9� 
                                                                                  � 3 p 5 � Â N         
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e) Capacitor Selection: 

 

First the coupling capacitor C1 will be selected which is governed by the RMS current 

supplied by the output of the wind turbine found by equation (7.10). 

 

                                                        IÃ±��°±�  �  ©ghV � ²�ghV p �T�gTk��f��¢£�                                            �7.10� 

 

                                                                         �  560 � 10�� �²5 p  0.53 � ¥ Â Á1             
A 10 µF capacitor is selected, the peak-peak ripple voltage of capacitor C1 can be found from 

equation (7.11). 

 

                                                               ∆VÃ� � ©ghV � �Ze¡Ä� � ;Y«                                                                �7.11� 
 

                                                                         � 560 � 10�� � 0.64710 � 10�� � 560 � 10� � **0 ÁN         
 

 

Now a large output capacitor C2 must be selected because during the time when the 

MOSFET is in the ON position, the output capacitor is supplying the output which subjects 

it to large current ripples. If a large enough capacitor is selected then the output ripple can 

be minimized and can be determined by equation (7.12). 

 

                                                           IÃ���°±� � ©ghV � ²�ghV p �T�gTk��f��¢£�                                           �7.12� 
 

                                                                           � 560 � 10�� �²5 p  0.53 � ¥ Â Á1    
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Figure VII.7 -Output Ripple Voltage Characteristic [7.3] 

 

Now the size of the ripple needs to be determined which depends upon the difference of 

VESR and VCout, which can be seen by the Figure VII.7. It is assumed that half of the ripple is 

caused by ESR and the other half is caused by the amount of capacitance and can be found 

using equation (7.11). 

 

                                                           �Å� Æ �i�llÇk � 0.5 I¨��lkem� p ©̈ ��lkem�                                                     �7.11� 
 

                                                           �Å� Æ 0.02 � 0.51.232 p 0.672            
                                                            ÈÉÊ Æ )¤. / � *0�/                                             

Finally the output capacitance can be determined using (7.12). 

 

                                                    ÄghV � Ä� Ë ©ghV p  ��i�llÇk � 0.5 � ;Y«                                                    �7.12� 
 

                                                                   Ä� Ë 560 � 10�� p  0.6470.02 � 0.5 �  330 � 10� 

                                                                    Ì) Ë ))0 � *0�/ 
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Last, an input filter capacitor to prevent impedance interference from the wind turbine is 

determined by using equation (7.13). 

 

                                                              ©Ã���°±� � ²∆©̈12                                                                        �7.13� 

                                                              ©Ã���°±� � ²1.23212 � 108 9t    
 

 

3. Input Rectification 

 

The generator, which we have designed produces and alternating current. In order to 

interface between the generator and the SEPIC, a rectifier and filter must be implemented 

to produce a DC voltage. The diode rectifier produces a unipolar waveform from the 

generated sinusoid. This pulsating waveform has a non-zero average that contains a DC 

component. Although the output from the rectifier contains a DC component it is necessary 

to eliminate the inherent pulses. A filter, made of a simple capacitor, must be connected in 

order to help smooth the voltage.  This voltage can now be connected directly to the DC-DC 

converter.   

We have chosen to include the bridge rectifier in our circuit design due to its advantages 

over the half and full-wave rectifiers. Half-wave rectifiers are much less efficient as a result 

of their ability to capture only have of the energy in every cycle. The full-wave rectifiers 

were not considered, although they are more efficient than the half-wave, because they 

require a center tapped transformer. The bridge rectifier inherited its name from the 

Wheatstone bridge because of their similar design configuration. The bridge rectifier, 

unlike the full and half-wave rectifiers, requires four diodes. Due to the low cost of diodes 

the bridge rectifier is hardly at a disadvantage.   

The circuit is designed with two paths for current to flow, one during the positive half cycle 

and the other for the negative half cycle as seen in Figure VII.8. While the input is positive 

current flows through D1, the load and D2, while D3 and D4 are reversed biased. As the 

current flows through each path the voltage drops twice, once over each diode 

encountered, posing a disadvantage in the use of bridge rectifiers. The loss is shown at the 

output which is two voltage drops lower than the input. When the input is negative, current 

flows through D3, the load and D4. The diodes D1 and D2 become reversed biased. The 

significance of this configuration is that current only flows in one direction through the 

load as shown below, creating a unipolar output.   
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Figure VII.8 -Bridge Rectifier 

 

When selecting a rectifier two specifications must be considered, the current-handling 

capability of the diodes and the peak inverse voltage each diode can withstand before 

breaking down. The reverse voltage across D3 can be determined by applying Kirchoff’s 

voltage law around the loop D3, the load and D2.   

 

�©� �  �±ghijk R �T�gTk 

Íx��x� �u{�Î
�:  �ghV Ð 2�®�Y R 2�T 

� Ñ2�® 14Ò R �2 � 0.7� � 8.02� 

��Î� ��u�� Äx		���: ©lkem � ��± R 2�T��  

� Ó14 R �2 � 0.7�Ô1�Ω
� 12.69t 

 ��Î� ©�|�	v� �u{�Î
�:  �©� � �Yghijk R �T�gTk 

 � 14 R 0.7 � 13.3� 

 

We chose to purchase two single-phase bridge rectifiers to implement our design. We used 

a Vishay KBP06M bridge rectifier which can withstand a peak inverse voltage of up to 600V 

V1

14 Vrms 
60 Hz 
0° 

D1
DIODE_VIRTUAL

D2
DIODE_VIRTUAL

D3
DIODE_VIRTUAL

D4
DIODE_VIRTUAL

R1
1.0kΩ

1

2

3

4
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and a current of 2A. We made our selection based on low cost and the components ability 

to withstand substantial current.  

The pulses produced by the rectifier must be smoothed out before entering the DC-DC 

converter. A capacitor placed in parallel with the load will act as a filter smoothing out the 

ripple.  The capacitor charges until the input waveform reaches its peak. When the input 

voltage falls off the capacitor begins to discharge. Once the input reaches the capacitor 

voltage the capacitor is once again charged and the cycle repeats. In order to create a small 

output ripple the value of the capacitor must be chosen so that the time constant CR is 

much greater than the discharge interval.   

 

4. Feedback Design: Pulse Width Modulation (PWM) 

 

In order to maintain a desired output voltage a controller must be added to the SEPIC 

circuit. Using a pulse width modulator or PWM as seen in Figure VII.9, the duty cycle 

applied to the gate of the transistor can be controlled. A voltage sample is taken from the 

output of the SEPIC and then stepped down with a voltage divider. After the sample has 

been taken, the PWM compares it with a reference voltage and the duty cycle is adjusted. 

Essentially the output of the PWM is the adjusted duty cycle which is applied to the gate of 

the transistor which changes the switching time, keeping the output voltage constant. 

There are many ways to implement this design including programming microprocessors or 

designing an analog circuit. We chose to use the LM3478 controller by National 

Semiconductor.  

This controller is designed for Low-Side N-Channel MOSFET switching regulators. It works 

well not only in SEPIC design but also in the boost or fly-back configurations. Higher 

switching frequencies allow for smaller circuit designs so we took this into consideration 

when choosing a controller, making sure it can handle high switching frequencies.   

The supply voltage to the controller must be considered in the design process. The output 

from the generator must not exceed the rated supply of the controller. The LM3478 is rated 

up to 40 V.  In order for the controller to turn on it needs a minimum of 2.97 V so the 

generator must output this minimum voltage before the load is powered.   
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Figure VII.9 -LM3478 Pin Layout 

 
The Isen pin as seen in Figure VII.9, reads the voltage across a sense resistor placed at the 

source of the MOSFET. The compensation pin allows for management of the control loop. 

The voltage from the output is adjusted using a voltage divider to obtain 1.26V. This voltage 

divider is connected to the feedback pin. The MOSFET itself is connected to the drive pin 

which controls the on/off time of the gate.   

 

D. RESULTS 

1. Simulations  

a) Model with Actual Values  

 

In order to conduct an accurate simulation in PSpice for the SEPIC circuit that will be used 

for this project, a model design had to be made that would simulate the various circuit 

elements and the losses across those elements. This model circuit is displayed in Figure 

VII.10 and clearly shows the node convention that will be used throughout the code as well 

as the circuit elements and losses.  

 

 
Figure VII.10 -SEPIC DC/DC Converter Circuit with Losses 
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Observing the transient waveform obtained from simulation (1) of the actual model, we can 

see displayed in Figure VII.11, Vin and Vout. Initially, Vout overshoots approximately 0.5 volts 

before it reaches steady state at 6.15 volts. The output expected was 5 volts which was not 

obtained in the simulation due to some discrepancy in the code but the waveform itself is 

exactly what was expected. Once the transients have dissipated and the output has reached 

steady state as seen in Figure VII.12, the resultant waveform is a steady 6.15 v DC like 

voltage with a small ripple that is displayed in more detail in Figure VII.13. 

 

 
Figure VII.11 -SEPIC-Actual Model: Vin and Vout Transients 
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In Figure VII.12 it can be seen that after running the simulation for 3.0 ms, the output 

voltage reaches steady state with the a small voltage ripple.  

 
Figure VII.12 -SEPIC-Actual Model: Vin and Vout 
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The output voltage ripple can be viewed in better detail as seen Figure VII.13. The capacitor 

C2 discharges from 0 to DT and then charges from DT to T. In steady state the average 

output voltage is 6.15 volts with the ΔV = +- 0.05 v which results in the output voltage 

ripple ΔV/Vo= 2%. 

 

 
Figure VII.13 -SEPIC-Actual Model: Vout Steady State 
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Next the output current transient will be analyzed which can be seen in Figure VII.14. 

Initially the current starts at 0 amps and then spikes up to about 13 amps within the first 

0.15 ms and then reaches its steady state peak current of approximately 4 amps.  

 

 
Figure VII.14 -SEPIC-Actual Model: Iout Transients 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

63 
 

The output current steady state waveform can be viewed in detail as seen in Figure VII.15. 

It can be seen that the current starts off negative and then spikes up to its peak amperage 

to which it then slopes back down to its negative value starting the cycle over again as 

expected. During the switch “ON” time assuming steady state conditions, the capacitor C2 is 

supplying the output. In this case the capacitor is varying the current in order to keep the 

voltage constant. Once the switch is turned to the “OFF” position, the input is feeding the 

output which charges the output capacitor back up which is where the current is at its 

peak. After this the current slopes down until the switch on time where the cycle repeats 

itself.   

 

 
Figure VII.15 -Actual Model: Iout Steady State 
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Figure VII.17shows a closer look at the steady state input current ripple. Both inductors 

charge up from 0 to DT and then discharge from DT to T. It can be seen that the average 

current is 1.6 amps and has a ripple of +- 1.1 amps. The input current ripple ΔI/Is is 73% 

which is clearly not the desired input. This high ripple may be caused by the ideal switch 

which is simulated in the PSpice code which in turn could have also raised the output 

voltage to 6 volts rather than the desired 5 volt output. Aside from the large input ripple, 

the waveform acts as desired and it can be seen that it reaches steady state at 

approximately 0.8 ms as seen in Figure VII.16. 

 

 
Figure VII.16 -SEPIC-Actual Model: Iin Transients 

 

 
Figure VII.17 -SEPIC-Actual Model: Iin Steady State 
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The current through the inductor L2 can be seen from Figure VII.18. Initially the current 

spikes to a peak of -3.5 amps but then the transients dissipate at approximately 2 ms. Once 

the current reaches steady state as seen in Figure VII.19, it can be seen that the average 

current stays negative. The reason for this is that when the switch is ON, current IL1 

increases and IL2 becomes more negative. By Kirchoff’s Voltage Law, Vin= VL1 + VC1 + VL2, and 

since the average voltage of VC1 is equal to Vin, VL1 = -VL2. So it can be seen that the capacitor 

supplies energy to keep the current IL2 negative [7.1]. 

 

 
Figure VII.18 -SEPIC-Actual Model: IL2 Transients 

  

 
Figure VII.19 -SEPIC-Actual Model: IL2 Steady State 
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In Figure VII.20 we can see from top to bottom the current across the transistor and the 

current across the diode. The transients dissipate in both elements at approximately 0.6 ms 

where it reaches its steady state peak amplitude of 4.8 amps. 

 

 
Figure VII.20 -SEPIC-Actual Model: I Transistor, I Diode 
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Figure VII.21 displays the currents through capacitors C2 (top) and C1 (bottom). While the 

current IC1 is positive, the circuit is in the OFF mode and the capacitor C1 is being charged 

by inductor L1. During the OFF time, current IC2 is also positive and is being charged by 

both inductors L1 and L2. During the switch ON time, capacitor C2 is supplying the output 

load independently which explains the discharge and the current IC2 remains negative to 

keep the output voltage constant.  

 

 
Figure VII.21 -SEPIC-Actual Model: IC2 and IC1 Steady State 
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Taking a closer look at the wave forms in steady state as seen in Figure VII.22, it can clearly 

be seen that the current across the switch (top figure) and diode (bottom figure) where 

what was expected. When the switch was in the “ON” position, the diode is reverse bias or 

“OFF”. While the diode is “OFF” the current from the input is charging the inductors L1 and 

L2 which can be seen across the switch. When the switch turns to the “OFF” position, the 

diode is forward biased or “ON” and allows the current supplied by the inductors to flow 

through it.  

 

 
Figure VII.22 -SEPIC-Actual Model: I Transistor and I Diode in Steady State 
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Figure VII.23 displays the overall efficiency of the circuit where it can be seen that the 

average efficiency in steady state is 89.9%. 

 

 
Figure VII.23 -SEPIC-Actual Model with Losses: System Efficiency 

 

b) Averaged Model with Feedback 

 

The circuit displayed in Figure VII.24 represents the averaged model of the SEPIC that was 

used in simulation (2).  

 

 
Figure VII.24 -SEPIC Averaged Model 

  

The circuits displayed in Figure VII.25 represent the feed-back for the averaged model 

which was also used in simulation (2). With the modeled feed-back present, the voltage 
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could be varied on the input from the given 3-5 volt range and the output would remain a 

constant 5 volts. 

 

 
Figure VII.25 -SEPIC Feed-Back 

 

When incorporating the feed-back circuit model into the simulation with the SEPIC circuit 

model, various calculations needed to be made. First the error of the voltage output signal 

would be required in order to know how much the input voltage would need to be 

corrected by using equation (7.14). 

                                                                     Є � VÕ�ÖÕ×dÕc R V�×dØ�Ù                                                      �7.14� 
                                                                        � 5 R VÚØd 
 

Next, equation (7.15) is used which has a relationship between the duty time D, and the 

error Є. 

                                                              � � 0.5 � �1 p �o�eY p tЄ�¾  �                                                 �7.15� 
 

Substituting into equation (7.15) Vin= Vout= 5 v, then D= 0.5 and Є= 0: 

 

                                                              0.5 � 0.5 � 1 p �o�eY p tЄ�¾   ® ,                              �o�eY �  0 

  

Substituting a = (A/VT) and we get equation (7.16): 

                                  ���� � � � 0.5 � �1 p  Î �  Є� � 0.5 � �1 p  Î � �5 R VÚØd��            �7.16�    
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With equation (7.16), the duty time variable D can be adjusted as a function of the error. 

The purpose of the variable A, is to amplify the error so that it is quickly recognized and 

corrected. Now that there is an equation to detect errors and adjust the duty time, it can be 

implemented in PSpice as a circuit. It can be seen from the circuits in Figure 7.25 the 

variables ED and GE, where: 

                                                             

Ü � 1 R �������� � ���� � ©���� 

 

� � 1 R �������� � ��6,5� 
                                                              

This model of the feedback will use the circuit containing the variable for ED to detect the 

error and then the circuit with the variable GE to integrate it. It can be seen that in the 

integrating circuit that the voltage at node E will correspond to equation (7.17). 

 

                                                                       ���� � 1Ä � � � ��                                                         �7.17�  
 

 

We substitute,                       �Ä� � 100Ü, Ä � 1 �Î	Î�, �ghV � ��6�  
 

into equation (7.17) and obtain equation (7.18), 

    

                                                           ���� � 11��5 R �ghV���                                                         �7.18�  
   

 After this happens the correction will be made to the duty time which will vary the output 

voltage up or down accordingly.  
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Observing the wave forms obtained from simulation (2) of the averaged model, it can be 

seen in Figure VII.26, Vin with respect to Vout. Initially, Vout overshoots approximately 0.7 

volts and then the transients are almost dissipated at 3.2 ms where Vout reaches its steady 

state value of 5.1 volts. 

 

 
Figure VII.26 -SEPIC-Averaged Model with Feed-Back: Vin and. Vout Transient 
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Observing the averaged model with feedback again in Figure VII.27 but over a 100ms it is 

easier to see the feedback functioning. The input voltage is slowly increased to simulate the 

rise in wind speed and it can be seen that the output voltage continues to be a steady 5 volt 

output as desired. The only discrepancy that can be seen is when the input voltage is raised 

or dropped quickly which causes the output to have a momentary glitch followed by a 

correction. The glitches seem to have the charge and discharge characteristics of a 

capacitor, so the output capacitor may be what causes these momentary glitches.  

 

 
Figure VII.27 -Averaged Model with Feed-Back: Vin and Vout 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

74 
 

2. Measured Results 

 
After the SEPIC circuit was constructed according to the circuit displayed in Figure 7.2, the 

various “ON-OFF” characteristics were investigated and recorded. It can be seen from the 

waveforms displayed in Figure VII.28 that the circuit operated successfully. This conclusion 

is proven by the fact that the input voltage Vin was 3 volts and that the output voltage Vout 

was 5 volts DC as expected. Vgate is the voltage supplied to the gate of the MOSFET by PIN 6 

of the controller as seen in Figure VII.9. This is basically the output of the feedback that has 

the adjusted duty time which will regulate the switching time of the MOSFET so that the 

SEPIC voltage output Vout will be the desired voltage.   

 

 
 

Figure VII.28 -Measured Results: Vin, Vout and Vgate 
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Investigating the output even closer as seen in Figure VII.29, it can be seen that there is a 

small transient in the output voltage Vout that is caused by the positive rising edge of the 

gate pulse Vgate. The oscillation caused on the output is about 300 mV peak-peak at its 

maximum and then there is a correction which yields the desired 5 volt output.  

 

 

 
 

Figure VII.29 -Measured Results: Vout and Vgate 
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In Figure VII.30the transient on the output voltage Vout caused by the falling edge of the 

gate pulse Vgate is analyzed. The scale and position had to be adjusted to see these wave 

forms clearly but it can be seen that when the gate pulse falls the output voltage Vout 

experiences a spike and then oscillates for about 100 ns. The spike is about 1 volt at its 

peak but then is quickly clamped and oscillates back to the 5 volt desired output. 

 

 
 

Figure VII.30 -Measured Results: Vout and Vgate 
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Shown in Figure VII.31 are the drain to source voltage Vds and the gate voltage Vgate when 

the switch is ON. It can be seen that when Vgate goes high, it turns the switch ON and allows 

current to flow. Current now flows through the switch and Vds drops down to the residual 

voltage Vres during this time.  

 

 

 
 

Figure VII.31 -Measured Results: ON MODE, Vgate and Vds 
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Investigating these waveforms closer in Figure VII.32 it can be seen that there are turn ON 

transients present and a propagation delay. It takes the gate voltage Vgate 97 ns to go from 

low to high and turn on the switch and it takes the drain to source voltage Vds 31.6 ns to go 

from high to low. So it can be seen that the turn ON time is relatively fast and efficient with 

minimal transients.  

 

 
 

Figure VII.32 -Measured Results: Turn ON Transients, Vgate and Vds 

 

 

 

 

 

 

 

 

 

 

 

 



 

79 
 

Now the drain to source voltage Vds and the gate voltage Vgate will be analyzed when the 

switch turns OFF as shown in Figure VII.33. It can be seen that when Vgate goes from high to 

low the switch turns OFF and no current is allowed to flow causing Vds to go from low to 

high. Vgate experiences some oscillations when it goes low and these oscillations are seen 

but about five times worse on the drain to source voltage. This is an unwanted error 

because it will take away from the overall circuit efficiency. This error may occur due to the 

sudden 1 volt overshoot which can be seen when Vds goes high causing the controller 

output (Vgate) to oscillate in an effort to correct the output and return it to the desired 5 

volts DC.  

 

 
 

Figure VII.33 -Measured Results: Turn OFF MODE, Vgate and Vds 
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The drain to source overshoot can be better viewed in Figure VII.34 as well as the rise and 

fall times of Vgate and Vds. When the gate voltage goes from high to low it takes 2340 µs to 

reach 0 which is significantly longer than its low to high time. The MOSFET on the other 

hand turned off quickly relative to the gate voltage at 400 ns. The reason for this is the gate 

needs to be above 2 volts for MOSFET to stay ON and it can be seen that the gate voltage 

drops below that threshold long before it reaches the actual low time.  

 

  

 
 

Figure VII.34 -Measured Results: Turn OFF Transients, Vgate and Vds 
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To put the results of the entire project into perspective, the turn ON and OFF wave forms 

were recorded simultaneously and compared. The wave form VAC can be seen in Figure 

VII.35 which corresponds to the output of the wind turbine before rectification. It can be 

seen that the wave form rises in both amplitude and frequency, then it slowly dissipates. 

These characteristics are caused by the wind turbine accelerating and then decelerating. 

 

 
 

Figure VII.35 -Measured Results: Turn ON to OFF, VAC 

 After the output of the wind turbine has been rectified, the voltage VDC is obtained which 

is applied to the input of the SEPIC. It can be seen in Figure VII.36 that the wave form rises 

to 2.8 volts almost immediately where 3 volts is the minimum voltage required by the 

SEPIC. The output voltage of the SEPIC is seen directly below it and is denoted by Vout. 

When VDC reaches a constant 3 volts, Vout rises to the 5 volt constant DC output as desired. 

It can be seen that as VDC rises in voltage and gets noisier in the process that Vout stays a 

constant 5 volts DC. When VDC drops from the 3 volt minimum required input, it can be 

seen that the SEPIC tries to keep the Vout constant which is shown by the decaying 

characteristic.  

 

 
 

Figure VII.36 -Measured Results: Turn ON to OFF, VDC and Vout 
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3. Constructed Circuit 

 
The circuit displayed in Figure VII.37 is a top view of the completed SEPIC circuit with 

feedback. The rectifiers are connected to the right side of the circuit board and the SEPIC 

circuit is connected to the left. The space that was left open in the lower middle portion of 

the circuit board is reserved for any extra wiring from the input that may need room to be 

coiled if the box for the circuit is tight.  

 

 
 

Figure VII.37 -SEPIC CIRCUIT: Top View 

Figure VII.38 displays a bottom view of the circuit board. The bus that is at the top of the 

circuit board is the input voltage source or “hot”. The bus that is at the bottom of the circuit 

board is ground. 

 

 
 

Figure VII.38 -SEPIC CIRCUIT: Bottom View 
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The last view of the circuit was taken from the side as seen in Figure VII.39. This view is to 

give some insight on the actual thickness of the entire circuit and a view of the final 

product. 

 

 
 

Figure VII.39 -SEPIC CIRCUIT: Side View 
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VIII. CONCLUSION 
 

Over all, the magnetically levitated vertical axis wind turbine was a success. The rotors that 

were designed harnessed enough air to rotate the stator at low and high wind speeds while 

keeping the center 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. Lastly the SEPIC circuit operated 

efficiently and to the specifications that were slated at the beginning of the circuit design. 

After testing the project as an overall system we found that it functioned properly but there 

are many things that can be improved upon. The generator itself had some design flaws 

which we feel limited the amount of power it could output. These flaws start at the coils 

which were initially made too thick and limited how close the magnets attached to the 

stator could be positioned from each other. If the magnets were pulled in closer to one 

another, the magnetic field density would be much greater allowing for more power to be 

induced into the coils. Another setback was that the wire that was used to wrap the coils 

was 30 AWG and because of its small cross section it restricted the amount of current that 

could be drawn from the generator. Lastly, the plexi-glass that was used for the frame of 

the wind turbine was too elastic. Due to the fact it was not as strong as we had hoped, there 

was some sag in frame about the central axis where the majority of the weight and force 

was located. If a more heavy duty material was used in future design then it would allow 

for more precision in magnet placement.  

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 an commercial/industrial 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. 

 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.  
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APPENDIX 
 

PSpice Simulation: 

 

(1) SEPIC Actual Model 

 

V 1 0 3 

RL1 1 11 0.1 

L1 11 2 16u IC=0 

S 2 0 5 0 Switch 

VPULSE 5 0 PULSE(0 10 0 1n 1n 12.89u 20u) 

C1 2 35 10u IC=0 

RC1 35 3 0.01 

RL2 3 33 0.1 

L2 33 0 16u IC=0 

D 3 4 Diode 

RC2 4 44 0.001 

C2 44 0 100u IC=0 

R 4 0  9  

.MODEL Diode D(RS=1u N=0.1 BV=400) 

.MODEL Switch VSWITCH(RON=1u ROFF=10MEG VON=1 VOFF=0) 

.PROBE 

.TRAN 100m 100m 0u 800m UIC 

.END 

 

(2) SEPIC Averaged Model with Feedback  

 

V 1 0 PWL(0,0 2m,2 30m,3 40m,4 60m,5 90m,8 120m,4 130m,5 150m,7) 

L1 1 2 16u IC=0 

RL1 2 3 0.1 

VD 3 4 0 

E 4 10 VALUE={(1-V(D))*V(6,5)/V(D)}  

VF 10 0 0 

C1 4 5 10u IC=0 

RC1 5 50 0.01 

L2 50 20 16u IC=0 

RL2 20 0 0.1 

G 50 6 VALUE={(1-V(D))*I(VF)/(V(D)*V(D))} 

C2 6 60 100u IC=0 

RC2 60 0 0.001 

R 6 0 9 

GE E 0 VALUE={5-V(6)} 

CE E 0 1 IC=0 

RCE E 0 100G 

ED D 0 VALUE={0.5*(1-80*V(E))} 

RD D 0 1 

.PROBE 

.TRAN 150m 150m 0 10u UIC 

.END 



 

86 
 

References 
 

[2.1] World Wind Energy Association - Home. 29 Apr. 2009 

<http://www.wwindea.org/home/images/stories/worldwindenergyreport2008_s.

pdf> 

 

[2.2] "Installed Wind Capacity Surged 45% in 2007: AWEA Market Report." American 

Wind Energy Association. 29 Apr. 2009 

<http://www.awea.org/newsroom/releases/AWEA_Market_Release_Q4_011708.ht

ml>. 

[3.1]  "Wind and Hydropower Technologies Program: How Wind Turbines Work." EERE: 

EERE Server Maintenance. 29 Apr. 2009 

<http://www1.eere.energy.gov/windandhydro/wind_how.html>. 

 

[3.2] "What is Magnetic Levitation?" The Tech FAQ. 29 Apr. 2009 <http://www.tech-

faq.com/magnetic-levitation.shtml>. 

 

[4.1] "Wind Turbine FAQ." Rainbow Power Company. 29 Apr. 2009 

<http://www.rpc.com.au/products/windturbines/wind_faq.html>. 

 

[4.2] Putnam, Palmer Cosslett. Putnam's Power from the wind. New York: Van Nostrand 

Reinhold, 1982. 

 

[5.1] Giancoli, Douglas C. Physics for scientists & engineers with modern physics. Upper 

Saddle River, N.J: Prentice Hall, 2000. 

 

[5.2]  Gonen, Turan. Electric Power Distribution System Engineering. Boca Raton: CRC P, 

2008. 

 

[5.3] Hambley, Allan R. Electrical Engineering Principles and Applications (4th Edition). 

Upper Saddle River: Prentice Hall, 2007. 

 

[5.4] Mohan, Ned. Electric Drives An Integrative Approach. Mnpere, 2003. 

 

[6.1]  “Magnet Design”. 2000 Magnet Sales & Manufacturing Company, Inc. 

<http://www.magnetsales.com/Design/DesignG.htm>.  

 

[6.2] Wikipedia. <http://www.wikipedia.com>. 



 

87 
 

 

[6.3] Mohan, Ned. Electric Drives An Integrative Approach. Null: Mnpere, 2004. 

 

[7.1]. Maniktala, Sanjaya. "SEPIC Converter." Wikipedia. 14 Apr. 2009 

<http://www.wikipedia.com>. 

 

[7.2]. “SEPIC Equations and Component Ratings.” Maxim-IC. <http://www.maxim-ic.com>. 

 

[7.3]. Gu, Wei, and Dongbing Zhang. "Designing A SEPIC Converter." National 

Semiconductor Corporation. <http://www.national.com>. 

 

 
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


