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Abstract- solar energy is considered as an important means of expanding renewable energy resources. This paper includes 
the design and utility of a mechanical-based solar panel tracking system. As the solar array is able to remain aligned to the 
sun, solar tracking allows production of more energy. One of the methods to increase the efficiency of a PV system is to 
employ a solar panel tracking system. In this paper we will check the efficiency of a single axis and a dual axis solar tracking 
system for one complete day at fixed intervals of time. The results are demonstrated using tables and efficiency graphs. The 
concise definition of this system is to design and develop a prototype of mechanical based dual axis solar array that actively 
tracks the sun so that maximum power is gained by the array at all time of the day by comparing two types of systems with 
the study of available literature. 
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I. INTRODUCTION 
 
In years to come the need for energy will increase 
manifold while the reserve of conventional energy 
will deplete in rapid pace. To meet the growing 
demand of energy harnessing of non-conventional / 
renewable energy is the necessity. Among all the 
available non-conventional sources, solar energy is the 
most abundant and uniformly distributed. Though the 
technology of trapping the solar energy is studied and 
developed. It is in existence the process can be in 
proved to increase efficiency and make it cost-
effective. As the sun moves across the sky during the 
day, it is advantageous to have the solar panels track 
the location of the sun, such that the panels are always 
perpendicular to the solar energy radiated by the sun 
[4], [9]. This will tend to maximize the amount of 
power absorbed by PV systems. It is estimated that 
using a tracking system, over a fixed system, can 
increase the power output by 30% - 60%.  
 
II. CURRENT SITUATION AND PROBLEMS 
 
A. Environmental Problems: 
Use of combustible sources has increased the Air 
Pollution. This has also lead to lowering of the 
reserves of these sources like fossil fuels.Global 
warming has increased the demand for using green 
energy produced by the renewable sources like solar 
power. 
 
B. Energy Crises: 
In a few years to come the need for energy will 
increase manifold while the reserve of conventional 
energy will get depleted in a rapid pace. To meet this 
growing demand of energy, harnessing of non-
conventional / renewable energy has become a 
necessity. Among all the available non-conventional 
sources of energy, solar energy is the most abundant  

 
and uniformly distributed on the planet. Though the 
technology of trapping the solar energy is in existence, 
the process can be improved to increase efficiency and 
make it cost-effective. 
 
C. Solution: 
A possible solution is that a system needs to be 
designed which consumes less energy at a lower cost 
and does not harm the environment. Thus we 
employed fixed axis system as well as dual axis 
system and compared the results for both in order to 
design a system for maximum efficiency and output. 
A solar tracker has also been designed using the new 
principle of using small solar cells to function as self-
adjusting light sensors, providing a variable 
indication of their relative angle to the sun by 
detecting their voltage output [3],[12].  
 
III. ADVANTAGES OFTHE PROPOSED 
SYSTEM 
 
A. The conservation of non-renewable energy 
resources: 
Photovoltaic (PV) solar power eases the usage of 
diminishing natural resources such as oil, coal and 
gas. Today, the use of energy is growing at an 
alarming rate. It is vital to preserve the earth’s fossil 
fuels and other natural resources, for a healthier 
environment and also for the future generations to 
meet their own needs. 
 
B. Lower Rates of Waste and Pollution: 
PV solar power systems reduce the amount of waste 
production. For example, the entire process of 
converting coal to electricity produces a lot of dust, 
discarded solid waste, spillages of toxins and harmful 
emissions, as well as wasting energy, heat, land and 
water. Pollution from non-renewable fuels is 
inevitable. Emissions such as Sulphur Dioxide, 
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Nitrogen Oxide and Carbon Dioxide all can have a 
negative effect on farming, people’s health and water. 
Ecosystems are also at risk of being destroyed [11]. 
All these problems can be combated with the help of 
utilization of Solar energy for various day to day 
activities as well as for industrial and commercial 
purposes also. Furthermore, pollutants from kerosene 
used for lighting purposes is reduced with the use of 
solar power systems, as well as the decrease in use of 
diesel generators for the production of electricity. 

 
C. Offsetting Green House Gases: 
PV Solar power systems produce electricity without 
giving off carbon dioxide. One PV Solar system can 
offset approximately six tons of CO2 emissions over a 
twenty year life span [10]. 
 
D. Reduction of Energy Usage: 
Solar power improves energy efficiency. Solar power 
electricity reduces the costs of conventional power 
for built up cities and is also beneficial for rural areas. 
It is cheaper for industrial and commercial purposes 
to run their operations. 
 
E. Decrease in Disposing of Dry-Cell Batteries: 
Small dry cell batteries are used for many day to day 
appliances but are commonly used in rural areas 
where there is lack of electricity.However, the lead 
from these disposed dry cell batteries can have 
damaging effects on soil and water. Solar power 
reduces the need of using disposable dry cell batteries 
and therefore decreases the risk of contamination.  
 Simple low profile design with fewer parts.  
 Requires minimal field levelling and site 

preparation.  
 Easy rapid installation.  

Return to sun rise position automatically [10].  
 
IV. SYSTEM DESIGNED 
 
A. Block Diagram for the System: 

 
Fig.1. Block Diagram of the Solar Tracking System 

 
B. Principle of operation: 
The p-n junction within the cell ensures that the 
mobile charge carriers of the same polarity move off 
in the same direction. These electrical charges are 
conducted away as DC power, by placing metal 
contacts on the top and bottom of a PV cell. If an 
electrical load is connected between the top and rear 
contacts to the cell, electrons will complete the circuit 
through this load, constituting an electrical current in 

it. The energy in the incoming sunlight is thereby 
converted into electrical energy [5],[6]. The cell 
operates as a “quantum device”, exchanging photons 
for electrons. Ideally, each photon of sufficient energy 
striking the cell causes one electron to flow through 
the load. In practice, this ideal is seldom reached. 
Some of the incoming photons are rejected from the 
cell or get absorbed by the metal contacts (where they 
give up their energy as heat). Some of the electrons 
excited by the photons relax back to their bound state 
before reaching the cell contacts and thereby the load. 
The electrical power consumed by the load is the 
product of the electrical current supplied by the cell 
and the voltage across it. Each cell can supply current 
at a voltage between 0.5V-1V, depending on the 
particular semiconductor used for the cell. Since the 
electrical output of a single cell is quite small to 
generate sufficient amount of electricity multiple cells 
are connected together to form a module or a panel 
[1]. 
 
The PV module is the primary component of PV 
system and any number of PV modules can be 
connected to generate the desired amount of 
electricity. The modular structure of a PV system is 
considered an advantage since at any instant a new 
module can be incorporated to the system to satisfy 
the new electricity requirement [9]. Different PV 
modules vary in structure; however, they generally 
include the following elements:  glass cover in which 
the transparent glass cover is placed over the PV cell 
for protection reasons, anti-reflective sheet which is 
used to enhance the effect of the glass cover while the 
anti-reflective coating is used to block reflection, 
celland frame and panel backing which are used to 
hold all the pieces together and protect the PV cell 
from damage [2], [7]. 
 
C. Working: 
A Solar Tracker is basically a device onto which solar 
panels are fitted. This device tracks the motion of the 
sun across the sky ensuring that the maximum amount 
of sunlight strikes the panelsall throughoutthe day. 
After finding the sunlight, the tracker will try to 
navigate through the path ensuring that the best 
exposure to sunlight is detected. 
 
To track path of sun from azimuth rotation about the 
polar axis follows the sun during the day from east to 
west, by using solar cells we create voltage difference 
across them according the voltage difference, upper 
motor will run & main solar panel move according to 
sun position which is perpendicular to the sun rays 
[12]. 
 
Similarly, according to elevation (Tilt) angle follows 
seasonal changes in the tilt of the earth's axis by using 
another two solar cells the bottom motor rotate & 
main solar panel move according the earth position. 
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D.  Observations and Graphs 
 

1) Following table shows the observations taken 
for a Fixed Axis Solar Tracking System for 
one full day. 

 
TABLE I. For Fixed Axis Solar Panel:Date: 

30/05/2014 

 
 

Table 1. Observations for Fixed Axis Solar Tracking 
System 

2) Following table shows observations taken 
for a Dual Axis Sun Tracking System for 
one full day: 

 
TABLE II.For Dual Axis Tracking System:  Date: 

31/05/2014 

 
Table 2.Observations for Dual Axis Solar Tracking 

System 
 

E. Graphical Representation: 
Following figures are graphs for comparison of fixed 
and dual axis sun tracking system (plot from 
observation tables and calculated values). The graphs 
present a plot of Power utilized and output efficiency 
with time. 
 

1) Power Vs Time (For Fixed & Dual Axis 
System) 

 

 
Fig. 2. Power Vs Time for Fixed & Dual Axis Solar tracking 

System 
 

2) Efficiency Vs Time (For Fixed & Dual 
AxisSystem) 

 

 
Fig. 3. Efficiency Vs Time For Fixed & Dual Axis Solar 

 
V. DISCUSSION 
 
The end user will prefer thetracking solution rather 
than a fix ground system because: 
 In Dual axis system, 30-

40%increasedefficiency results in more 
earning compared to 20-35% in single axis.  

 The space requirement for a solar park is 
reduced, and they keep the same output.  

 The return of the investment timeline is 
reduced.  

 Tracking the sun from east in the morning to 
the west in the evening will increases the 
efficiency of the solar panel by 20-62% 
depending on whom you ask and where you 
are in the world. Near the equator, you will 
have the highest benefit of tracking the sun [8]. 

 The system designed does not include 
microcontroller or PLC. Hence, an economic 
solution. 
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CONCLUSION 
 
In this proposed system, the sun tracking system was 
implemented which is based on concept of voltage 
difference by using small solar cells. After examining 
the information obtained, it can be said that the 
proposed dual axis sun tracking is a feasible method 
of maximizing the energy received from solar 
radiation. The use of dc motors enables accurate 
tracking of sun while keeping track of the array's 
current position in relation to its initial position with 
the help of solar cells. The solar cells are arranged for 
each axis.  
 
The automatic solar radiation tracker is an efficient 
system for solar energy collection. It has been shown 
that the sun tracking systems can collect about 20.98 
% more energy and proposed system collects 33.99 % 
than what a fixed panel system collects. 
In most of the existing solar tracking systems, the 
main panel gives the necessary power to run the 
drivewith reduces the output power of main panels & 
reducing efficiency of solar tracking system[13] but in 
thispaper we have given input to driving system only 
by small cells. Thussmall solar cell does two functions 
simultaneously. One is to sense the position of sun & 
another is to give input to the motor. Thus we are 
using whole available output energy of main panel for 
more optimized output. 
 
ACKNOWLEDGMENT 
 
We, the authors, are highly indebted to the anonymous 
reviewers of this paper for taking time to analyse the 

content and giving helpful suggestions for making this 
a better piece. 
 
REFERENCES 
 

[1] S.P. Sukhatme & J.K.Nayak, “Solar Energy Principle of 
Thermal Collection and Storage”, McGraw Hill, 2010. 
ISBN-978-0-07-026064 

[2] C.S. Solanki,“Solar Photovoltaic Fundamental, 
Technologies and Application” PHI  Learning, 2011. 
ISBN-978-81-203-4386-3. 

[3] V.Shirish Murty, “Smart Grid Designs for The 
Improvement in Solar Technology and its Development”, 
ISSN:2278-8948, Vol.2,Jan 2013. 

[4] D.S. Chauhan, S.K. Srivastava, “Non-Conventional 
Energy Resources”, New Age International, 2010. ISBN-
978-81-224-1768-5. 

[5] Tiberiu Tudorache1, Liviu Kreindler1“Design of a Solar 
Tracker System for PV Power Plants”, Vol. 7, No. 1, 2010 

[6] B.Huang, F.Sun,“Feasibility study of one axis three 
positions tracking solar PV with low concentration ratio 
reflector”, 29 Nov 2006. 

[7] Andreas Poullikkas,“Technology and market future 
prospects of photovoltaic systems” Volume 1, Issue 4, 
2010 pp.617-634 

[8] Hossein Mousazadeh, Alireza Keyhani, J Arzhang, 
Hossein Mobli, Karen Abrinia, A Sharifi,“A review of 
principle and sun-tracking methods for maximizing solar 
systems output”,20 January 2009. 

[9] A.K.Saxena, V. Dutta, “A versatile microprocessor     
basedcontroller for solar tracking,” in Proc. IEEE, 1990, 
pp. 1105 – 1109 

[10] www.solarpower.com/environmental-advantages 
[11] www.quabbinsolar.com/environment.php. 
[12] J. Rizk, and Y. Chaiko, “Solar Tracking System: More 

Efficient Use of Solar Panels”, International Science 
Index, Electrical and Computer Engineering Vol:2, No:5, 
2008 

[13] Kirti Chaurasiya, Prof. Satish Kumar,“Literature Review 
on Video Frame Segmentation for Position Control of 
Parabolic Solar Reflector Using MATLAB”, IJARCET 
Volume 4, Issue 5, May 2015. 

 
 
 
 
 
 
 
 
 

 


