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Abstract - This paper represents development of solar tracker to track the sun for maximizing the power 
generation. Globally and nationally focus on solar energy has been intensified. Now researchers focus shall be 
on maximizing the energy conversion, therefore present study focuses on enhancing the conversion efficiency 
through tracking the solar energy. In this study there is focus on performance of PV panel at 0° & 19° tilt with 
ground surface for harnessing solar energy. It has been found that efficiency of tilted panel at 19° has increased 
by 18.98% as compared to 0° tilt with ground surface.  
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I. INTRODUCTION 
 
Extinction of non renewable resources would greatly 
affect the sustainable development of country in 
future [1-2]. Hence there is immediate need to utilize 
the natural intensity of sun to built net zero energy 
systems generating power on its own which is 
environment friendly [3]. India has expanded its 
solar-generation capacity 8 times from 2,650 MW on 
26 May 2014 to 20 GW till February 2018 i.e.  4 
years ahead of its schedule which clearly shows there 
is huge technological development in field of solar 
power in India. Indian government aims to expand its 
solar plant capacity to 100 GW (including 40 GW 
from rooftop solar) by 2022 which is ambitious 
target, since the world's installed solar-power 
capacity till the year 2017 was just 303 GW [4]. 
There are various techniques which are currently 
being used in order to harness sun energy. Sun tracker 
can be part of such system. Many researchers used 
different configurations of trackers like fixed tilt and 
one axis tracker or two axes tracker (dual axis).  
Study reveals that sun trackers are mainly classified 
passive trackers, active trackers, single axis trackers 
and dual axis trackers. Passive trackers makes the 
uses compressed gas fluid having low boiling point 
which is heated by sun heat to drive tracker 
mechanism in different directions to move in 
response to an imbalance.  Active trackers makes the 
use of motors and gear trains to point  the tracker in 
required direction as command given by  controller, 
with respect to change in sun orientation throughout 
day. Single axis trackers have one degree of freedom 
that acts as an axis of rotation. It is possible to align 
them in any single axis by making the use of different 
algorithms available. Dual axis trackers have two 
degrees of freedom. The axis which is fixed with 
respect to the ground surface can be considered a 
primary axis. The axis which is perpendicular to the 

primary axis can be considered a secondary axis. 
Yingxue Yao et al [5] have developed dual axis solar 
tracker in which declination angle axis is adjusted 
once a day and secondary axis is adjusted every 2 
minutes. Researcher found out that automatic 
tracking system gives 23.6 % more and daily adjusted 
PV gives 31.8% more efficiency than the fixed one. 
Tarequl K et al [6] have developed a hybrid 
automatic dual axis tracker makes the use of sun 
position sensor. Comparative study between hybrid 
tracker, single axis tracker and stationary tracker was 
carried out. Hybrid tracker shows 54.88% more 
energy than stationary tracker and 20.79% more 
energy than single axis tracker. Saban Yilmaz et al 
[7] have carried out comparative study between fixed 
axis and dual axis sun tracking mechanism. Sun 
tracker mechanism was found to be producing 
34.12% more energy than fixed system. Jenifer amla 
et.al [8] have designed solar intensity  based dual axis 
solar tracker by making the use of micro controller 
and LDR have recorded that tracking mode is better 
by 43.65 % more than non tracking mode. Twisha 
Titrisha [9] have developed dual axis solar tracker 
with reflector to direct sun light on panel which 
accounts 39% of total energy developed by system 
and dual axis mode records  57% increase in energy 
over fixed mode. Mustafa Engin et.al [10] have 
developed mechatronic based sun tracker and carried 
out comparative study in between the fixed and 
tracking mode. It was recorded that 40.7% more 
energy is produced in April-May and 32% more in 
cloudy days. Bin June et al [11] have developed 
method to improve efficiency of One axis 3 Position 
Solar axis tracker i.e. morning, noon and afternoon. 
Comparative study was made between fixed PV and 1 
axis & 3 position solar trackers. Using tracker 
mechanism it is found that energy generation 
increases by 39 %. One axis 3 position solar tracker 
generates 35.8% more electricity than fixed PV in 
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partly cloudy weather. Pratik Das et al [12] have 
developed the solar tracker making the use of stepper 
motor, photo diode, microcontroller and mirror for 
directing more Influx quantity on panel. The 
efficiency of solar panel is found to be 9.95% in 
tracking mode. N Jeya Ganesh [13] have developed 
sun tracking mechanism activated by thermal 
stimulus which was developed due to sun activating 
the spring made up of shape memory alloys.  Coil 
spring made up of SMA avoids making use of 
additional power supply that makes the system very 
cost effective in terms of power consumption. Msoud 
Rahimi [14] have built the hybrid sun-wind tracker 
system that can rotate with gear mechanism. During 
noon it shows 83% increase in output as compared to 
reference PV module. Total daily performance of the 
tracking system improves by 74% when compared 
with conventional fixed tracker. George cristian et.al 
[15] have carried out comparative study between 
fixed and tracking mode. Closed loop tracker making 
the use of motor have built and it was found that 
overall output was 12% to 20% more in  tracking 
mode  over fixed mode. 
In the literature [5-15] substantial amount of work has 
been done in the field of solar tracker. Evaluation of 
performance parameters of solar tracking 
mechanisms under various operating conditions as 
mentioned in the literature review can be summarize 
as below. 
Researcher have Integrated the concept of 
Programmable logic control, Micro-controller with 
mirror booster to design the trackers[9,12]. 
Researchers have designed dual axis solar tracker [5] 
and One axis 3 position tracker [11] thus by recording 
increase in output over conventional fixed system. 
Researcher have built the mechatronic based close 
loop controlled tracker which yields more output over 
fixed mode tracker [6,7,8,10,15]. Researcher have 
developed unique way of controlling [13] and testing  
the performance of tracker [14] under fixed mode and 
tracking mode which clearly shows that  
improvement of efficiency in tracking mode is 
recorded. 
 
II. SCOPE OF RESEARCH 
 
Reviewing the current literature on solar trackers it is 
seen that solar tracker system still lacks of making 
use of vertical axis, longitudinal and transverse axis 
simultaneously which could improve the efficiency 
because sun rise and sun set positions are different in 
each season. But still there is shortfall of study which 
shows clear use of solar maps in solar tracking 
mechanism for improving overall electrical efficiency 
of system. Very little attention is paid for all other 
important parameters affecting the efficiency such as 
solar radiation values, temperature, arrangement of 
multiple PV Panels together, auxiliary equipment, to 
keep sensors and panels are free of dusts and sensors 
shading.  

It was proposed to explore the possibility of building 
trackers which depends upon sun location in terms of 
longitude, latitude, local time and solar time for 
improvement in efficiency. Present objective is to 
design and develop solar tracker mechanism with 
Solar PV panel having tilt 0° i.e. parallel to ground 
and 19° with the ground which is also latitude of 
place where tracker is going to be installed and tested. 
 
III. PROPOSED MODEL OF SOLAR    
TRACKER SYSTEM 
 
Fig.1 shows the experimental set up of solar tracker 
system which was developed to track the sun with PV 
panel tilt =0° and tilt= 19° with ground. 
 

 
Fig. 1. Experimental set up of solar tracker system 

 
Fig.2 drawn below is the circuit layout of proposed 
system which is divided in two different operational 
circuit i.e. Ardunio circuit and raspberry pi circuit. 
 

Fig. 2. Circuit layout of solar tracker system 
  
Four monocrystalline PV Panels of 10 watt each 
which was imported from Singfo Solar Pvt Ltd, 
China were connected in series to get more current. 
The peak power that can be recorded by single Panel 
is 10 Watt. The maximum voltage and Current that 
can be recorded by single PV Panel is about 18 V and 
0.55 Amps at Peak power. 
 In arduino circuit , arduino mega having input 
voltage range of 6-20 V was used. As per the circuit 
layout shown in fig.2 Pyranometer and INA 219 are 
connected to arduino mega. Silicon pyranometer 
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DWR8102M manufactured by Dynalab Pvt Ltd, Pune 
was used for recording the solar insolation which is 
further used to calculate input to panel. The range of 
Pyranometer used was 0-2000 w/m2. Voltage sensor 
module which has an operating voltage output in 
range of 3.3V-5V was connected to pyranometer 
which is silicon transducer used to convert sun light 
falling on panel into voltage. INA219 Bi-directional 
current / Power module with I2C interface was used 
to measure the output from set of 4 PV panels.   
  
Raspberry Pi3B having input of 5.1V / 2.5A dc act as 
processing unit to interface ADXL345 , DS18B20 
and SI1145 sensors for data logging purpose. The aim 
behind using Raspberry Pi3B is to make our system 
remotely controlled without physically touching the 
controls on the system. SI1145 ambient light sensor 
having I2C interface which is manufactured by 
Silicon Labs were imported from USA ( United states 
of America) to measure the visible component of 
sunlight. ADXL345 module whose supply voltage 
range is 2.0-3.6 V was used to measure the tilt of PV 
surface with ground while recording the performance. 
DS18B20 temperature sensor having supply voltage 
range of 3.3-5V records the temperature rise during 
test period. 
The electricity produced by PV Panel was stored in 
battery whose rating is 12V,12ah. Electrical charge 
stored in battery is used for powering the circuit 
boards. Once the Input and Output from panel is 
recorded with help of the sensors, Electrical 
efficiency of PV Panel is calculated by carrying out 
comparative study at 0° tilt and 19° tilt angle. The 
complete set up was built in Navi Mumbai, 
Maharashtra and tested for its performance. The test 
data were recorded for whole month of February 
2018 and conclusion were drawn. 
 
III. RESULT AND DISCIUSSION 
 
Proposed solar tracker system consists of two tilt 
positions of PV Panel at 0° & 19° with ground 
surface. The tracker is installed and tested for the day 
of 13th February 2018. At each tilt angle the 
electrical efficiency of panel is calculated as follows: 
 
1. PV Panel Tilt = 0°  
I = Input to panel 
I= S × A  
S= Solar insolation ( W/m2 ) 
A = Area of 4 PV Panel (m2 ) 
S = 762.46 W/m2 
A = 0.406 m2 
I = 0.406 × 762.46 = 291. 75 Watt. 
O = Output from Panels (Watts) 
O= 38.4295 Watt (observed from INA 219module ) 
Electrical efficiency of PV Panel (ɳ ) 
ɳ = O / I 
    = 38.4295/291.75 
    = 13.17 %. 

2. PV Panel Tilt = 19° 
I = Input to panel 
I= S × A  
S= Solar insolation ( W/m2 ) 
A = Area of 4 PV Panel (m2 ) 
S = 854.9754 W/m2 
A = 0.406 m2 
I = 0.406 × 854.9754 = 347.12 Watt. 
O = Output from Panels (Watts) 
O= 54.09 Watt ( observed for INA 219) 
Electrical efficiency of PV Panel (ɳ ) 
ɳ = O / I 
    = 54.09/347.12 
ɳ = 15.63% 
 

TABLE.I  experimental results of developed solar tracker 
system 

 
 
It is observed that average energy gain, output and 
efficiency recorded for PV Panel tilt =19° is higher 
than PV Panel Tilt =0°. In perspective of 
performance, the sun tracker is beneficial since it has 
the ability to track the sun throughout day which is 
not possible in case of the fixed-tilted PV system as 
shown in table.1.  It has been found in literature that 
Pratik Das et.al [12] have recorded 9.95% efficiency 
of panel in tracking with high amount of solar 
insolation ie 1256 W/m² as compared to 762.46 
W/m2 (PV panel tilt = 0° of proposed system) and 
854.97 W/m2 (PV panel tilt = 19° of proposed 
system) during the testing of system. It clearly shows 
that proposed system performs better even with less 
amount of solar insolation. Experimental results 
obtained are found to be in agreement with available 
literature [12]. 
 
IV. RESULT AND DISCIUSSION 
 
Current research study shows successful 
implementation of sun tracker which makes the use of 
PV Panel at various tilt angles to harness maximum 
solar energy. Experimental results show that 
electrical efficiency of PV panel is enhanced by 
18.98% at 19° tilt as compared to parallel tilt. Future 
development of adding multiple axes in currently 
developed sun tracking would be viable to track the 
sun in all directions throughout the day. 



International Journal of Mechanical and Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 
Volume- 6, Issue-7, Jul.-2018, http://iraj.in 

Development of Solar Tracker to Generate Power 
 

26 

CONCLUSION 
 
Current research study shows successful 
implementation of sun tracker which makes the use of 
PV Panel at various tilt angles to harness maximum 
solar energy. Experimental results show that 
electrical efficiency of PV panel is enhanced by 
18.98% at 19° tilt as compared to parallel tilt. Future 
development of adding multiple axes in currently 
developed sun tracking would be viable to track the 
sun in all directions throughout the day. 
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