
Vishnu Khetan et al. 2016, Volume 4 Issue 1 
ISSN (Online): 2348-4098 
ISSN (Print): 2395-4752 

 

International Journal of Science,
Engineering and Technology

An Open Access Journal

© 2016 Vishnu Khetan et al. This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the 
original work is properly credited. 

Design and Fabrication of a Hybrid Solar & Micro 
Wind Power Generator 
1Vishnu Khetan, 2Hari Kumar Singh, 3Rohit Kumar 

  

 

 

 

 

 

 

 

 

 

 

 

Introduction 

Now a day’s major percentage of the electricity 
generation is contributed by generation through 
Coal, Diesel, Hydro, Nuclear sources of energy. The 
use of such fuel as a primary source of power 
generation produce very dangerous situation in 
environment. Hybrid solar & micro wind turbines 
consist of the small solar panel & micro wind size 
wind turbine as compare to the large centralized 
wind turbine. Working principle of the Wind turbines 
is to convert the kinetic energy of the wind firstly first 
into rotational kinetic energy in the turbine and then 
this rotational energy has been converted to the 
electrical energy via the generator or alternator that 
can be supplied, via the national grid, for any 
purpose. The energy which available in the wind and 
solar for conversion primarily depends on the wind 
velocity, swept area of the turbine & solar radiation. 
1When planning to establish a wind farm or solar 
farm its very important to know the 
probable/expected power and energy output of solar 
                                                            
1Corresponding Author’s Email: khetan2013@gmail.com 

panel and each wind turbine to be able to determine 
its economic feasibility. 

Material and Methodology 

The Word ‘hybrid’ stand for the combination of two 
dissimilar things, in other word we can say that some 
things which made by the use of two different thing. 
Just like in the energy system, two or more different 
sources of the energy are combined and used to 
generate/produced the electricity. Hybrid energy 
system is the combination of two energy sources 
such as solar and wind, solar and diesel, wind and 
hydro or wind and diesel. In other word it can also be 
defined as “Energy system which is fabricated or 
designed to produce power with the help of two 
energy sources is called as the hybrid energy 
system.” The main advantages of the hybrid energy 
system (solar and wind power) has good reliability, 
effective, efficient, no emission, and lower cost. 

In this proposed system solar and micro wind turbine 
is design and fabricated to generate the power 
simultaneously. Solar energy and wind energy has 
more advantageous than any other non-
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conventional energy sources. Both the energy 
sources are available in ample amount in all the 
areas. Thus there is no need to search special 
location to establish the hybrid system. 

Solar Energy 

Radiation of the sun is responsible for the generation 
of the solar energy. On earth, solar energy is present 
continuously and in abundant quantity. The main 
benefit is that Solar energy is freely available and it is 
renewable source of energy. It doesn’t emit any 
harmful gases that mean it is pollution free. Only one 
problem is associate the with the solar system is that 
it is not capable to produce any output power in bad 
weather condition. Efficiency the of the solar energy 
are very high than any other sources of energy. Life 
of the solar panel is also very long. Photovoltaic cell 
is engaged to convert the incident sun radiation in to 
the electrical energy. PV cells are semiconductor 
device. 

Photovoltaic systems (PV system) incorporate with 
the series of the solar panels. Solar panels works as 
converter of the energy from solar to electrical. Solar 
energy system is composed of  one or more than 
one solar panels, it also include the controller or 
power converter, battery charger and the 
interconnections system and mounting for the other 
components used in the solar energy system. 

Wind Energy 

Wind energy is renewable energy sources. Wind is an 
indirect solar energy source. Wind energy is the 
energy which is taken out from wind. For pulling out 
the energy from the wind we need wind turbine. Cost 
of generation of electricity from the wind energy is 
slightly higher than the solar energy. Maintenance 
cost is also less for wind energy system. The main 
advantage of wind energy is that it present nearly 24 
hours of the day. There is no emission product 
during the generating power. Generation of 
electricity from wind is function of the speed of wind 
speed. The main limitation of using renewable 
energy resources are that unavailability of power for 
all time because solar and wind doesn’t available 
whole a day. 

The objective of this project is to design the system 
such that it will operates at minimum wind velocity. 
There are 24 micro wind turbines are used to 
generate power and each micro wind turbine have 3 

generator which is connected in series through the 
bridge rectifier.  

Micro wind turbines works as similar to the 
centralized wind turbines. It also equipped with the 
self starting with the help of the wind velocity. Micro 
wind turbine are arrange in horizontal axis in the 
vertical plane. 

Calculation and Tables 

For the designing of the hybrid energy system there 
are so many kind of relative data are required to 
accurate design the system. Data such as Power 
consumption demand, Duration of the sun shine 
where PV cells is going to install, Mean solar intensity 
(W/m2) of the area, wind velocity, height and 
elevation of the area for which the system is design. 

Steps Involved in the designing of the hybrid system 
are as follow: 

1. First evaluate the power consumption demand 
for the load that needs to be supplied by the hybrid 
system. 
2. Next is to divide the total power demand for the 
solar PV array and wind turbine. 
3. After that solar PV array and Wind turbine were 
design separately according to the power demand 
from the each system. 

 

Figure 1: Systematic diagram for Hybrid Solar & 
Micro Wind Power Generator 

Design Calculation 
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1. Selection of Generator on the basis of  Design 
Calculation 

The main target for the micro wind turbine to 
generate power average 15 W. All the design and 
fabrication is done on the basis of power generation 
target. 

For Series Configuration, Maximum power we get is 
0.7 W from single Turbine At different speed is as 
follow. 

Table 1: Power generated in series configuration 

Voltage (V) 2 3 8 10 

Current (A) .015 .017 .045 .07 

Power (W) .03 .051 .36 .70 

Velocity of wind (m/s) 2 4 5.5 7 

 

For Parallel Configuration, Maximum power we get is 
0.375W from the single turbine is as follow. 

Table 2: Power generated in Parallel configuration 

Voltage (V) .3 .5 1.5 2 

Current (A) .01 .05 .09 .11 

Power .003 .025 .135 .22 

Velocity of wind (m/s) 2 4 5.5 7 

 

 

Figure 2: Graph of Voltage, Current & Power 
obtained in series configuration while increasing the 
velocity of wind 

 

Figure 3: Graph of Voltage, Current & Power 
obtained in parallel configuration while increasing 
the velocity of wind 

After doing a lot of experiments in connecting these 
generators into different combination best result are 
observed into the series combination. So we have 
design the generator into the series configuration. 
After connecting the generator, a bridge rectifier is 
connected to the each generator unit to fix the 
polarization of the current and to avoid the back flow 
of current in to generator. Each turbine has 3 
generators, turbine is coupled to the main generator 
and next two generators get the driving power from 
the main generator with help of rope and pulley 
drive mechanism. Thus after calculation we get 16.8 
W Power from 24 Micro Wind turbines at the wind 
speed of 7 m/s. 

2. Design of Micro Wind Turnbine Blade 

The blades of the turbine play a critical role in the 
efficiency of the turbine and hence it is considered as 
a strategic component. Mostly multiple blades are 
used over the turbine in order to achieve the 
optimum efficiency in the various wind speed. Here 
we used 6 blade high speed fan which has the 
capability to gives the better  output results. 

Specification of the turbine fan are as follow 

No. of Turbine blade  : 6 blades 

No. of Fan used   : 24 fans 

Diameter of the turbine fan : 23 cm 
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Diameter of Hub  : 8 cm 

Swept Area of blade  :  

 

 

 

Where, 

P = Power in watts   

ρ = Air density (about 1.225 kg/m3 at sea level, less 
higher up)  

A = Rotor swept area, exposed to the wind (m2) 

Cp = Coefficient of performance (.59 Betz limit is the 
maximum theoretically possible,.35 for a good 
design) [4] 

V = wind speed in m/s 

 = Generator efficiency (50% for car alternator, 
80% or possibly more for a permanent magnet 
generator or grid-connected induction generator) [4] 

 = Gearbox/bearings efficiency (depends, could be 
as high as 95% if good)[4] 

Table 3: Coefficient of performance at different 
speed 

Wind 
Speed 
(m/s) 

Power 
generated 
from the 24 
Turbine (W) 

Theoretical 
power 
through 24 
turbine (W) 

Coefficient 
of 
performance 

2 0.72 1.95 0.36 

4 1.22 15.66 0.07 

5.5 8.64 40.72 0.21 

7 16.8 83.96 0.20 

 

Two important parameters in the design of the wind 
turbine rotor are the axial thrust which act as along 
the direction of the wind flow and other is 
circumferential force acting along the rotation of the 
wheel which provides the torque. 

Thrust and torque on the turbine rotor 

The axial force acting on the turbine rotor is given 
by: 

 

 

Table 4: Thrust force on the blade 

Wind Speed (m/s) Thrust Force (N) 

2 0.086 

4 0.345 

5.5 0.653 

7 1.057 

 

 

Figure 4: Graph between Winds Speed V/s Thrust 
force on the blade 

Torque on the turbine rotor 

The torque on the surface is given by: 

 

 

Table 5: Torque Generated on the blade 

Wind Speed (m/s) Torque Generated (N-m) 

2 0.009 

4 0.039 

5.5 0.075 
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7 0.121 

 

 

Figure 5: Graph between Wind Speed V/s Torque 
generated 

Solidity (σ) 
 
It is important factor for designing the turbine. It is 
ratio of blade area to the circumference of rotor. 

 

 

 

n  is the number of the blades used, b is the width of 
the blade and D is the diameter of the blade. 

Swept Area 
 
The swept area refers to the area of the circle created 
by the blades as they sweep through the air. To find 
the swept area, use the same equation you would 
use to find the area of a circle can be found by 
following equation: 

 

 
 

 
 

Design Calculation for the Solar PV Cell 

There are different factor for the designing of the 
solar PV modules. Some of the important parameter 
is discuss below which are as follow: 

Determine power consumption demands 

The first step in designing a solar PV system is to find 
out the total power and energy consumption of all 
loads that need to be supplied by the solar PV 
system as follows: 

1. Calculate total Watt-hours per day for each 
appliance used. 

2. Calculate total Watt-hours per day needed from 
the PV modules 

Determine the Size the PV modules 

Different size of PV modules will produce different 
amount of power. To find out the sizing of PV 
module, the total peak watt produced needs. The 
peak watt produced depends on size of the PV 
module and climate condition of the site location. 
We have design the solar system such that we have 
to generate the power 25 W through the solar cell. 

Determine power consumption demands 

Total power needs  = (25 W x 8 hours) 

    = 200 W/day 

Total PV panels energy needed  = 200 x 1.3 

    = 260 W/day. 

1.3 is multiplication factor (the energy lost in the 
system) 

Determine the Size the PV panel 

Number of PV panels needed = 260 / 3.2 × 8 

    = 10 Module 

Minimum requirement = 10 modules to generate the 
maximum power 260 Wh/day. 

So this system should be powered by at least 10 
modules of PV cell 3.2 W. 

Designing Solar Charge Controller 

Sizing 

The charge controller is normally rated capacity that 
it can withstand for the Amperage and Voltage.  It 
kept in mind that the charge controller has sufficient 
capacity to handle the current from PV array and 
wind turbine. 
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According to standard practice, the sizing of  charge 
controller is to take the Short Circuit current (Isc) of 
the PV array, and multiply it by 1.3 

Charge controller rating  

= Total short circuit current of PV array and  wind 
turbine x 1.3 

= (1.8 A for solar + 1.5 A for wind) ×1.3 

= 3.9 A 

Thus for the system we have to design such a charge 
controller which can easily withstand for the above 
current capacity. 

Measuring Photo Voltaic Efficiency 

Efficiency of the photovoltaic solar cell is calculated 
by the capability of a panel to transform the available 
sunlight into usable energy for human consumption. 

The maximum efficiency of a solar photovoltaic panel 
is determined by the following equation: 

 

Area of 10 sets of Collector        =      0.25 m2 

 

Table 6: Calculation of the Efficiency of the Solar 
Plate as per data of 8th Sept 2015 

TIME Solar 
Volta
ge (V) 

Solar 
Curren
t (A) 

Solar 
Power 
(W) 

Solar 
Radiatio
n W/m2 

Efficie
ncy 
(η) 

10:00 18.70 1.34 25.06 830 12.08 

11:00 18.60 1.35 25.11 890 11.29 

11:30 19.30 1.46 28.18 940 11.99 

12:00 19.40 1.58 30.65 1070 11.46 

12:30 19.00 1.50 28.50 1130 10.09 

13:00 19.50 1.58 30.81 1140 10.81 

13:30 18.40 1.43 26.31 810 12.99 

14:00 18.50 1.53 28.31 940 12.04 

14:30 18.90 1.52 28.73 1040 11.05 

15:00 18.40 0.80 14.72 550 10.71 

15:30 18.40 1.04 19.14 640 11.96 

16:00 18.58 1.07 19.88 680 11.69 

 

Hence the Efficiency of the solar plate for the design 
system is 11.50%. 

Proposed Formulation 

The total power flowing through the system, in 
addition to the flow of energy generated from solar 
PV panels and wind turbines can be calculated as. 

 Mathematically equations for the calculation are: 

P= Nwind × Pwind + Nsolar × PSolar 

Where,  

P is the total power generated. 

Pwind is the electrical energy produced by the wind. 

PSolar is the electrical energy produced by the wind. 

Nwind is the number of micro wind turbine. 

Nsolar is the number of solar panels used. 

Calculations for wind energy  

The energy generated by micro wind turbine is given 
by,  

PW= ½. ρ (AW) (V)3 

Where,  

PW is power in watts. 

ρ is the density of air in kg/m³. 

Aw is the swept area in m². 

V is the velocity of  wind speed in m/s. 

Calculations for solar energy  

To estimate the size of Solar PV modules, the needed 
energy consumption must be estimated. Therefore, 
the power is calculated as: 

PS= Ins (t) × AS× ηPV 

Where, 
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Ins (t) = isolation at time t (kw/ m2). 

AS = area of single PV panel (m2). 

ηPV = overall efficiency of the Solar PV panels and 
dc/dc converters.  

Overall efficiency is given by,  

ηPV = Rannual * P.R. 

Where,  

Rannual = Annual average solar radiation on tilted 
panels 

P.R. = Performance ratio, coefficient for losses. 

 
Fabrication 
 
Fabrication of Rotary Foundation 

Dimension of Areas is as follow 

1. Area required to a single micro turbine is : 25 cm 
× 28cm (side clearance is included) 
2. Thus length required for the micro wind turbine 
is (25cm × 6cm) 150cm of breadth. 
3. Thus height required for the micro wind turbine 
is (28cm × 4cm) 112cm of height. 
4. Area for the wind turbine in the foundation is 
1.50 m × 112 m. 
 

 

Figure 6: Dimension are show with help of figure 

 

Figure 7: Line diagram with dimension are show with 
help of figure 

Fabrication of Stationary Foundation Base 

Material of Stationary base is mild steel. Base is given 
to stable the panel over it. Stationary base is fixed to 
the ground through nuts & bolts. Rotary part of the 
Foundation is attached over it. As shown in the figure 
that a wheel having teeth are coupled to the 
stationary base with the help of the bearing.  

 

Figure 8: Line diagram and dimension of Base 
foundation (Dimension in meter) 
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Figure 9: Fabrication of the motor and the wheel 
along with the gear drive 

Experimental Setup and Observation 

This experiment was conducted in the energy lab of 
ISBM building, Suresh Gyan Vihar University, Jaipur 
Rajasthan.  It is assume that the density of air is 1.17 
kg/m3. The reading interval for this experiment was 
taken 30 minutes i.e. after each interval of 3 minutes 
reading was taken with the help of different 
equipment. The experiments were conducted in 
order to determine the power generated from the 
hybrid solar and micro wind turbine at different wind 
speed and different solar radiation. We use 
anemometer to measure the speed of the wind. 
Complete experiment is taken at the 4th floor 
approximately at the height of 25 m from the 
ground. 

 

Figure 10: Experimental setup of hybrid solar and 
micro wind generator 

After fabrication and designing of the system, 
following reading where taken for both the solar and 
micro wind turbine is as follow: 

Table 7 (A): Data of solar voltage, current, power and 
solar radiation 

TIME Solar 
Voltage 
(V) 

Solar 
Current 
(A) 

Solar 
Power 
(W) 

Solar 
Radiation 

10:00 18.70 1.34 25.06 830 

11:00 18.60 1.35 25.11 890 

11:30 19.30 1.46 28.18 940 

12:00 19.40 1.58 30.65 1070 

12:30 19.00 1.50 28.50 1130 

13:00 19.50 1.58 30.81 1140 

13:30 18.40 1.43 26.31 810 

14:00 18.50 1.53 28.31 940 

14:30 18.90 1.52 28.73 1040 

15:00 18.40 0.80 14.72 300 

15:30 18.40 1.04 19.14 640 

16:00 18.58 1.07 19.88 680 

 

Table 7 (B): Data of wind voltage, current, power and 
solar radiation 

TIME Wind 
Voltage 
(V) 

Wind 
Current 
(A) 

Wind 
Power 
(W) 

Wind 
Speed 
(m/s) 

10:00 17.50 0.93 16.28 3.60 

11:00 18.70 0.95 17.77 4.10 

11:30 17.90 0.90 16.11 3.50 

12:00 17.40 0.98 17.05 5.10 

12:30 15.00 0.70 10.50 3.40 

13:00 6.20 0.21 1.30 3.80 

13:30 9.80 0.31 3.04 3.40 

14:00 0.00 0.00 0.00 3.10 
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14:30 0.00 0.00 0.00 6.50 

15:00 0.00 0.00 0.00 3.90 

15:30 8.05 0.10 0.81 2.10 

16:00 16.50 0.91 15.02 2.80 

 
Conclusion 

As per the above data, while designing of a solar and 
micro wind generator, we determine the various 
deciding factor for the designing of the hybrid power 
generator. Above data were recorded at equal 
interval of time and calculated to find out the desire 
results for the design of the hybrid system. Thus we 
have come to the point that design for the hybrid 
solar and micro wind power generator is validated. 

Hybrid power generation system is interesting and 
efficient answer for power generation than 
conventional energy resources. It has obviously 
greater efficiency. Hybrid system can be used to 
remote areas where the transmission of the power 
through grid is not possible or it unable to reach. 
Another benefit for using such a system is that 
generated power can be used at the same place 
without the investing the extra cost for the 
transmission of power, and it will also minimize the 
losses due to transmission. 

Recommendation and Future Work 

We recommend that to increase the efficiency of the 
system there is a lot of thing to do in this research. 
Some of the recommendation is given below: 

1. Integration of such a technique to control the 
pitch angle of the turbine blade will increase the 
overall efficiency of the system. 
2. You may also develop such a tracking system for 
the wind turbine with doesn’t consume the power to 
track the system. 
3. Economic and technical analysis of system 
should be done. 

This combination of renewal Energy source will be 
highly efficient in all places, mainly in commercial 
areas where the need of electricity is much more. It 
doesn't have no effect on environment i.e. free from 
pollution, at the same time any kind of accident is 
not possible due to lightning. Renewable energy 
source is also beneficial to minimize power supply 
load. With the use this project we can reduce 

electricity charges. It require very less maintenance 
charge during fault. The designing of this system is 
done in such a way that it is very rigid and acts as 
user friendly equipment. When it is manufactured in 
a mass production, cost of this hybrid power 
generator is affordable.  
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