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ABSTRACT 

The electrical energy demand of the world as well as India is increased at the alarming rate. The conventional 

sources of energy are not sufficient to meet this energy demand as well as the sources like coal, nuclear plant 

pollute the environment. Hence we have to go for the alternatives which give us the both side advantages I 

concern with cost as well as environmental issues. There are so many nonconventional sources like wind, solar 

geothermal, etc. The project aims at developing a system which makes use of wind energy for rural 

electrification. Wind energy is treated as non renewable source of energy. Vertical-axis wind turbine (VAWT) 

has some advantages. The heavy parts such as gearbox, generator and control system can be placed on the 

ground and they can be maintained easily. The head of horizontal-axis wind turbines (HAWT) must be rotated 

toward the direction of the wind. But VAWT can capture the wind from all the directions. Asynchronous 

generator connected directly to the power grid is the one of the simplest methods for the wind generation 

system. 
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I. INTRODUCTION 

 

The conventional energy sources are limited and pollute the environment. So more attention and interest have 

been paid to the utilization of renewable energy source such as Wind Energy, Fuel Cell, Solar Energy etc., The 

wind turbine has many advantages that make it an attractive energy source, especially in parts of the world 

where the transmission infrastructure is not fully developed. It is modular and can be installed relatively quickly, 

so it is easy to match electricity supply and demand. The fuel – the wind – is free and plentiful, which eliminates 

or reduces the need to purchase, ship, and store expensive fuels. It is flexible – with the power generated, 

households use can use appliances, such as lighting and refrigeration, schools can use computers and televisions, 
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and industries can access a reliable power source. Perhaps most importantly, the generator does not produce any 

harmful emissions in the process of generating the electricity, unlike many other generation sources. [1] 

As the world continues to use up non-renewable energy resources, wind energy will continue to gain popularity. 

A new market in wind energy technology has emerged that has the means of efficiently transforming the energy 

available in the wind to a useable form of energy, such as electricity. The best example of this new technology is 

the wind turbine.  Renewable energy such as wind energy are now flourishing quickly in today‟s high-tech 

world and play important role in electricity generation . Based on wind study, most residential area has low 

wind speed since it is blocked by the building and high structure. This paper mostly concentrates on the 

extraction of energy from wind & generation of electrical energy with this cost free source of renewable energy 

for the rural electrification. We have done one working model of the H-type Vertical axis technology by using 

self excited induction generator for the electrical output of about 1kw in our college for „Faculty of Management 

Building‟ 

 

II. MEASUREMENT OF WIND SPEED 

 

We are done this project for the „Faculty of management building‟ of our college, Sanjay Ghodawat Institutes, 

Atigre. We measured the speed on the top of the „Faculty of Management Building‟ with the help of 

anemometer which is varied from 6 meter/sec to 11 meter/sec. 

 

III. CASE STUDY 

 

After measurement of wind speed we done the case study of project room and HOD cabin of electrical 

department.We design a wind mill of output about 1 kW. We use this energy for project room of Electrical 

Department. The load of project room is about 440 Watt. When project room is not in use we can use this 

energy for HOD cabin also. 

 

3.1 Case Study of Project Room  

The consumption of electrical energy in Project room of electrical department is described below  

Sr. No. Consumption  

point 

No. of points Ratings 

(watt) 

Total Rating 

(Watt) 

1. Light tubes 4 40 160 

2. Fans 3 60 180 

3. Sockets 1 100 100 

4. PC 1 150 150 

Total 1130 

Table No.1 Case study of project room, SGI. 

3.2 Case Study of HOD Cabin 

The consumption of electrical energy in HOD cabin of electrical department is described below: 
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Sr. No. Consumption  

point 

No. of points Ratings 

(watt) 

Total Rating 

(Watt) 

1. Light tubes 4 40 160 

2. Fans 3 60 180 

3. Sockets 1 100 100 

Total 440 

Table No.2 Case study of HOD cabin, SGI. 

 

IV. METHODOLOGY 

 

 A wind turbine is a rotating machine which converts the kinetic energy in wind into mechanical energy. If the 

mechanical energy is then converted to electricity, the machine is called a wind generator, wind turbine, wind 

power unit, wind energy converter, or aero-generator. Wind turbines can be separated into two types based by 

the axis in which the turbine rotates. Turbines that rotate around a horizontal axis are more common. Vertical-

axis turbines are less frequently used.  

 

4.1 Horizontal Axis Wind Turbines 

Horizontal-axis wind turbines (HAWT) have the main rotor shaft and electrical generator at the top of a tower, 

and must be pointed into the wind. Most have a gearbox, which turns the slow rotation of the blades into a 

quicker rotation that is more suitable to drive an electrical generator. Since a tower produces turbulence behind 

it, the turbine is usually pointed upwind of the tower. Turbine blades are made stiff to prevent the blades from 

being pushed into the tower by high winds. Additionally, the blades are placed a considerable distance in front 

of the tower and are sometimes tilted up a small amount. Downwind machines have been built, despite the 

problem of turbulence, because they don't need an additional mechanism for keeping them in line with the wind, 

and because in high winds the blades can be allowed to bend which reduces their swept area and thus their wind 

resistance. Since cyclic (that is repetitive) turbulence may lead to fatigue failures most HAWTs are upwind 

machines. [2] 

HAWT advantages: 

 Variable blade pitch, which gives the turbine blades the optimum angle of attack.  

 Allowing the angle of attack to be remotely adjusted gives greater control, so the turbine collects the 

maximum amount of wind energy for the time of day and season.  

 The tall tower base allows access to stronger wind in sites with wind shear. In some wind shear sites, every 

ten meters up, the wind speed can increase by 20% and the power output by 34%.  

HAWT disadvantages: 

 The tall towers and blades up to 90 meters long are difficult to transport. Transportation can now cost 20% 

of equipment costs.  

 Tall HAWTs are difficult to install, needing very tall and expensive cranes and skilled operators.  
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 Massive tower construction is required to support the heavy blades, gearbox, and generator.  

 Reflections from tall HAWTs may affect side lobes of radar installations creating signal clutter, although 

filtering can suppress it.  

 Downwind variants suffer from fatigue and structural failure caused by turbulence when a blade passes 

through the tower's wind shadow (for this reason, the majority of HAWTs use an upwind design, with the 

rotor facing the wind in front of the tower).  

 HAWTs require an additional yaw control mechanism to turn the blades toward the wind.  

 

4.2 Vertical axis Wind Turbines 

Vertical-axis wind turbines (VAWTs) have the main rotor shaft arranged vertically. Key advantages of this 

arrangement are that the turbine does not need to be pointed into the wind to be effective. This is an advantage 

on sites where the wind direction is highly variable. VAWTs can utilize winds from varying directions. With a 

vertical axis, the generator and gearbox can be placed near the ground, so the tower doesn't need to support it, 

and it is more accessible for maintenance. Drawbacks are that some designs produce pulsating torque. Drag may 

be created when the blade rotates into the wind.  

VAWT advantages: 

 A massive tower structure is less frequently used, as VAWTs are more frequently mounted with the lower 

bearing mounted near the ground.  

 Designs without yaw mechanisms are possible with fixed pitch rotor designs.  

 A VAWT can be located nearer the ground, making it easier to maintain the moving parts.  

 VAWTs have lower wind startup speeds than HAWTs. Typically, they start creating electricity at 6 M.P.H. 

(10 km/h).  

 VAWTs may have a lower noise signature.  

VAWT disadvantages: 

 Most VAWTs produce energy at only 50% of the efficiency of HAWTs in large part because of the 

additional drag that they have as their blades rotate into the wind.  

 While VAWTs' parts are located on the ground, they are also located under the weight of the structure 

above it, which can make changing out parts nearly impossible without dismantling the structure if not 

designed properly.  
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Fig1: General structure of vawt                             Fig 2 Design of vawt (on the ‘Faculty of Management Building’) 

                                   

4.3 Generator 

Now a day, various types of generators are available. At the present time and in the near future, generators for 

wind turbines will be synchronous generators, permanent magnet synchronous generators, and induction 

generators, including the squirrel cage type and wound rotor type.  

For small to medium power wind turbines, permanent magnet generators and squirrel cage induction generators 

are often used because of their reliability and cost advantages. Induction generators, permanent magnet 

synchronous generators and wound field synchronous generators are currently used in various high power wind 

turbines.[3] 

1) D.C. generators  

D.C. generators are relatively unusual in wind/micro-hydro turbine applications because they are expensive and 

require regular maintenance. Nowadays for most of d.c. applications, for example, it is more common to employ 

an a.c. generator to generate a.c., which is then converted to d.c. with simple solid-state rectifiers.  

2) Synchronous generators  

The major advantage of synchronous generator is that its reactive power characteristic can be controlled and 

therefore such machines can be used to supply reactive power to other items of power systems, which require 

the reactive power. It is normal for a stand-alone wind-diesel system to have a synchronous generator, usually 

connected to the diesel. Synchronous generators when fitted to a wind turbine must be controlled carefully to 

prevent the rotor speed accelerating through synchronous speed especially during turbulent winds. Moreover it 

requires flexible coupling in the drive train, or to mount the gearbox assembly on springs or dampers to absorb 

turbulence. Synchronous generators are more costly than induction generators, particularly in smaller size 

ranges. Synchronous generators are more prone to failures. 

3) Induction generators  

Induction generator offers many advantages over a conventional synchronous generator as a source of isolated 

power supply. Reduced unit cost, ruggedness, brush less (in squirrel cage construction), reduced size, absence of 
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separate DC source and ease of maintenance, self-protection against severe overloads and short circuits, are the 

main advantages Further induction generators are loosely coupled devices, i.e. they are heavily damped and 

therefore have the ability to absorb slight change in rotor speed and drive train transient to some extent can 

therefore be absorbed. Whereas synchronous generators are closely coupled devices and when they are used in 

wind turbines which is subjected to turbulence and requires additional damping devices such as flexible 

couplings in the derive train or to mount gearbox assembly on springs and dampers. Reactive power 

consumption and poor voltage regulation under varying speed are the major drawback of the induction 

generators, but the development of static power converters has facilitated the control of induction generator, 

regarding output voltage and frequency. 

Generator Design 

As we seen above, the induction generator is very much advantageous in small scale wind mills. Hence here we 

use the induction generator of rating 2 HP, 1440 rpm, 415 volts, 3.2 Amp, 50 Hz.  

 

4.4 Rectifier Design 

After generator design, we design a simple diode rectifier to convert the variable ac output into dc. 

 

    

Fig3. Rectifier Design                                                 Fig.4 Rectifier Testing 

Rectifier Testing- 

No load test-  

 

Parameter 

 

For 0.5 HP 

 

For 1 HP 

 

DC current 0.4 amp 0.4 amp 

AC voltage 145 volts 145 volts 

Wattage 92 w 128W 

Dc voltage 224 volts 224 volts 

Table No.3 No Load Test 
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Load test- 

Ac voltage-145 for 1HP, dc voltage= 224 v, rated current=3.2 Amp  

        

Current(Amp) 

 

Power(W) 

 

 

0.4 128 

0.6 164 

0.8 188 

0.9 220 

1.2 240 

1.5 310 

1.7 360 

2.0 420 

Table No.4 Load test 

 

4.5 Blade Design 

Power in the wind 

The kinetic energy of any particle is equal to one half its mass times the square of velocity 

      Kinetic energy=1/2 mv^2 

Amount of air passing is given by, 

    M= ρAV 

Where, 

   M=Mass of air transversing 

   A=Area swept by the rotating blades of wind mill type generator 

  ρ=Density of air  

   V=velocity of air 

Substituting this value of the mass in expression of  K.E. 

  K.E.=1/2ρ AV.V^2 watts 

  Available power=1/2 ρAV^3 

Now area of one blade is 
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Fig.5 Blade Design 

 =1/2[2pi*r^2 +h (2pi r)] 

 =1/2[2pi *0.4^2+1.6(2pi*0.4)] 

 =2.51m^2 

For 3 blade area=2.51*3 

                              =7.53m^2 

We have air density ρ =1.27 kg/m^3 

1) for wind speed 5m/s 

          Available power=1/2*ρ*A*v^3 

                                      =1/2*1.27*7.53*5^3 

                                     =598 watts  

2) for wind speed 6m/s 

          Available power=1/2*ρ*A*V^3 

                                       =1/2*1.27*7.53*6^3 

                                       =1033 watts 

 

4.6 Shaft Design 

Velocity (V) = T*ω 

     V= T* (2πN)/60 

     S= 0.8*(2πN)/60 

     N= (7*60)/(0.8*2π)=103.60rpm 

    P= 2ΠNT/60 

         1000= (2π*3.60*T)/60 

T= 114.22 N-m 

T= (π/60)*T* d
3 

d= [(114.22*10
3
*16)/(π*20)]

1/3 

d=35mm 
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4.7 Gearbox 

Gear box is an important component in the power trains of a wind turbine. Hence, gear trains are to be 

introduced in to manipulate the speed according to the requirement of the generator. 

Connect a low speed shaft to high speed shaft to increase rotational speed from 30-60 rotation per minute (rpm) 

about 1000-1500 rpm. The power from the rotation of wind turbine rotor is transferred to the generator through 

the power train i.e. gear box. 

 Gearing ratio can be expressed as,    

                 G = rpm generator/rpm rotor blade 

Here we use the gearbox of the ratio of 1:15. If the speed of the windmill blades is about 100 rpm then we will 

get 1500 rpm as the speed of the generator. 

 

Fig 6: Gearbox 

 

4.8 Capacitor calculation 

 Generator rating- 2 HP, 1440 rpm, 415 volts, 3.2 amp, 50 Hz. 

 Full load current- 3.2 Amp 

 Full load power factor- 0.8 

 Apparent power (S) = √3 EI= 230.16  

 Active power (P) = S* cosΦ =1840.13 

 Reactive power (Q) = √(S
2
-P

2
) = 1380.89 

 Reactive power per phase=  Q/3= 460.03 

 Capacitive current (Ic)=  Q per phase/ V=  460.03/415= 1.16amp 

 Capacitive reactance per phase(Xc)= E/ Ic= 357.75 

 Minimum capacitance per phase (C)= I/(2*π*f*C)= 8.89µF 
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Fig7. Capacitor Bank 

  

V. ACTUAL WIND SPEED MEASUREMENT 

 

After installation of all the equipments, we get the actual speed of blades as 110rpm. We use the gearbox of 

ratio 1:15. Hence we get the output speed of generator as  1550 rpm. 

 

VI. CONCLUSION 

 

[1] Nonconventional energy sources are very much useful in order to meet the electricity demand of the world. 

They are freely available in nature and pollution free. So health crisis does not matter. Vertical axis wind 

turbines are advocated as being capable of catching the wind from all directions, and do not need yaw 

mechanisms, rudders or downwind coning. Their electrical generators can be positioned close to the 

ground, and hence easily accessible. 

[2] An induction generator offers advantages in terms of its low cost, simplicity, robust construction, nature 

protection against short circuits and ease of maintenance in today‟s renewable energy industry. However, 

the need for an external supply of reactive power (to produce a rotating magnetic flux wave) limits the 

application of an induction machine as a standalone generator.  

[3] It is possible for an induction machine to operate as a Self-excited Induction Generator (SEIG) if capacitors 

are connected to the stator terminals in order to supply the necessary reactive power to achieve generating 

electrical energy in remote areas 
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