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ABSTRACT
In this paper a research work on solar-tracking system is presented. An experimental
investigation on the effect of using multi-axes sun-tracking system on the electrical generation of
flat photovoltaic cells was carried out to evaluate its performance under various climatic
conditions at the city of Jabalpur (India). Multi-axes (E–W, N–S, and Hybrid) electromechanical
sun-tracking system was designed and constructed. The measured variables were compared with
that at stationary axis. It was found that the E–W axis sun tracking is the optimum, 25-30% gain
of power output compared with a stationary tracking system. The power output from a
photovoltaic panel is dependent on mainly three parameters- the type of solar tracker, material of
solar panel and the intensity of the sunlight. In this paper the performance analysis is done with
Stationary, Single Axis (E-W), Dual Axis (E-W & N-S) and Hybrid Axis solar tracker with
mono & poly crystalline solar cells to have better performance with minimum losses to the
environment.
Keywords: Mono & poly crystalline solar cells, Infra Red Sensors, Three ways tracking
mechanism, Microcontroller, performance analysis.

INTRODUCTION
The solar tracking systems are a topic of interest of many numbers of researchers from
the five decades. Many of the solar panels had been positioned on a fixed surface such as a roof.
As sun is a moving object, this approach is not the best method. One of the solutions is to
actively track the sun using a sun tracking device to move the solar panel to follow the Sun. With
the Sun always facing the panel, the maximum energy can be absorbed, as the panel is operating
at their greatest efficiency. The Automatic hybrid solar tracking system discussed over here is
based on natural and clean solar power. This is a whole automated system with self decision
making capability. The decision making part will be carried out by the Microcontroller.
Automatic Solar Tracking System is a hybrid hardware and software prototype, which

R S. Publication (rspublication.com), rspublicationhouse@gmail.com

Page 844

International Journal of Emerging Trends in Engineering and Development
Available online on http://www.rspublication.com/ijeted/ijeted_index.htm

Issue 4, Vol.3 (May 2014)
ISSN 2249-6149

automatically provides best alignment of solar panels with the sun, for getting maximum output
(electricity).
The seasonal movement of earth affects the radiation intensity on the solar systems. Sun
trackers move the solar systems to compensate for these motions, keeping the best orientation
relative to the sun.

Fig 1 (a) Earth revolution around the Sun Fig 1 (b) Position of Sun with respect to Earth
Before the advent of solar tracking, fixed solar panels have been positioned within a
reasonable tilt range based on the latitude of the location. A rule of thumb is to select a tilt angle
of within ± 15° of the latitude depending on whether a slight winter or summer bias is preferred
in the system. The PV array would face “true south” in the northern hemisphere and “true north”
in the southern hemisphere. Solar tracking is best achieved when the tilt angle of the tracking PV
array system is synchronized with the seasonal changes of the sun’s altitude and with the
geographical isolation level for optimized solar tracking during the day.
As depicted in Fig 1(a), the position of the sun with respect to that of the earth changes
in a cyclic manner during the course of a calendar year. Tracking the position of the sun in order
to expose a solar panel to maximum radiation at any given time is the main purpose of a solar
tracking PV system. The normal to the cell is perpendicular to the cell’s exposed face.
The sunlight comes in and strikes the panel at an angle. The angle of the sunlight to the
normal is the angle of incidence (𝜃). Assuming the sunlight is staying at a constant intensity (k),
the available sunlight to the solar cell for power generation (W) can be calculated as𝑾 = 𝑨𝒌 𝐜𝐨𝐬 𝜽
……….. (1)
Here, A represents some limiting conversion factor in the design of the panel because
they cannot convert 100% of the sunlight absorbed into electrical energy.
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Fig2. Tilt Angle 𝜽 of a PV Array

The Maximum conversion efficiency of a solar cell is given by the ratio of the maximum useful
power to the incident solar radiation. For an efficient cell, it is desirable to have high values of
fill factor (FF), short circuit current (Isc) and open circuit voltage (Voc). Thus
ηmax = ImVm / ItAc = FF IscVoc / ItAc
………... (2)
where It = incident solar flux and Ac = area of the cell
Im & Vm = values of current & voltage yielding maximum power.
The maximum power generated at the output of the solar panels can be obtained corresponding
to the rectangle of maximum area under the voltage–current characteristic. The power can be
obtained byP = V. I
…………. (3)
SUN-TRACKING SYSTEMS: AN OVERVIEW
As the sun’s position changes hourly, the solar power devices should be adjusted to produce the
maximum output power. Single-axis-tracking systems are considerably cheaper and easier to
construct, but their efficiency is lower than the two axes sun-tracking systems. An work is done
by Asmarashid ponniran [2] presented development of an automatic solar tracking system
whereby the system will caused solar panels will keep aligned with the Sunlight in order to
maximize in harvesting solar power. The system focuses on the controller design whereby it will
caused the system is able to tracks the maximum intensity of Sunlight is hit.
A work is done by J.Rizk [6] He was found that the potential system benefits of simple tracking
solar system using a stepper motor and light sensor. This method is increasing power collection
efficiency by developing a device that tracks the sun to keep the panel at a right angle to its rays.
A solar tracker is designed employing 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. The power increase gained over a fixed horizontal array was in
excess of 30%.
Nur Mohammad [11] presented a microcontroller based energy efficient hybrid automatic solartracking system with a view to assess the improvement in solar conversion efficiency. The twoaxis solar-tracking system is constructed with both hardware and software implementations. The
proposed tracking system uses a new solar position sensor with adaptive features. A comparative
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analysis was performed using four systems, i.e., hybrid tracking, dual-axis, single-axis, and
stationary module. The results showed that the use of the dual-axis tracking system produced
18% gain of power output, compared with a single-axis tracking system. The gain of output
power with the hybrid tracking system was much higher (54%) when compared with a stationary
system inclined at 23.5 deg to the horizontal.
A work is done by Aruna D.Mane [1] This project involves the development of an Automatic
Solar radiation tracker that could be further used for agriculture purpose, making use of a GSM
Module as the control system. To make solar energy more viable, the efficiency of solar array
systems must be maximized. A feasible approach to maximizing the efficiency of solar array
systems is sun tracking. Proposed in this paper is a system that controls the movement of a solar
array so that it is constantly aligned towards the direction of the sun. The solar tracker designed
and constructed in this paper offers a reliable and affordable method of aligning a solar module
with the sun in order to maximize its energy output.
EXPERIMENTAL SETUP
In this work, there is a combination of Hardware and Software. The hardware used like Solar
Cells, Infra Red Sensors, Three way rotating mechanism, Stepper motors and Microcontroller.
The programming is done on DOTNET software as per our requirements. Circuit diagram for
Horizontal & Vertical axis rotation is given below-

Fig3 (a) Circuit diagram for Horizontal rotation

Fig3 (b) Circuit diagram for Vertical rotation
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Mechanical Arrangement for movement in three direction i.e. Horizontal axis, Vertical
Axis & hybrid Axis is mentioned belowHorizontal Axis To rotate the panel along with the sun in horizontal Axis is mounted in a shaft
of 1x35inches & clamped by aluminum strips. Gear Arrangement of three Spur Gear of 72, 16 &
36 teeth respectively with Single start Worm gear connected with Stepper Motor 18°/pulse, 12
Volt, 6Ω has been done for rotating the panel to horizontal axis (Fig 6).
Vertical Axis Similar as horizontal axis here too the gear arrangement is with Spur Gear of 72
teeth assembled with the Single start Worm gear connected with Stepper motor 18°/pulse, 12
Volt, 6Ω with simply supported two wheel bearing (Fig 8).
Hybrid Axis For moving the panel to hybrid axis a stud of 10 mm is assembled with Spur gear
of 42 teeth & Single start worm gear connected with Stepper motor 18°/pulse, 12 Volt, 3.9Ω
(Fig 7).

Fig4. Structural view of three ways rotating freedom solar tracker

Microcontroller The Micro Controller used in the solar tracking system is P1C16F877A (Fig 5)
contains number of element which performs different work to control the panel & to prepare the
data base of the analysis the same was connected with the desktop with Terminal Software. The
element of microcontroller is listed below
 IRs detects the sunlight intensity. When consume high sunlight intensity resistance is
decreased and supply high current trough it.
 The motor controller IC MAX 232 drive the DC motor by the direction of
microcontroller
 LCD JHD162AC is mounted on the micro controller to represent the current Voltage &
Current for both the material i.e. Amorphous & Crystalline.
 Amplifier T1P122 used to amplify the data of micro controller 7 provide the input to
Stepper motor.
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Fig 6 Gear Mechanism for Horizontal Axis

Solar panel should be directly perpendicular to the sunlight so that capturing the radiation
of sunlight is maximum but position of the sun is not same place during the whole day.
Therefore, direction of the sun radiation is not same and its changes during the course of the day.
So, if we can use solar tracking system it would give maximum solar efficiency.

Fig 7 Gear Mechanism for Hybrid Axis

Fig 8 Gear Mechanism for Vertical Axis

METHODOLOGY
This project is divided into two parts, hardware development and programming
development. The methodology used in the Hybrid automatic Solar Tracking system is drawn
below with the help of block diagram. The primary benefit of a tracking system is to collect solar
energy for the longest period of the day, with the most accurate alignment as the sun’s position
shifts with the seasons. The construction of the tracker is made up of three segments, the
mechanical, computer Science and electronics & electrical part respectively. The key component
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of the system under above three segments is clearly mentioned in the block diagram used to
convert solar energy into electricity.

Fig 9 Block diagram of the project

Fig 10 Schematic view of the project

The project is built using a balanced concept which is two signals from the different
sensors are compared. Solar panel is mounted over the supporting arm with consisting three
direct current motor with gear mechanism, four IR (Infra Red Sensor) sensors and a control box.
The light detecting system consists of four Infra Red Sensors (IR) which are IR1, IR2, IR3 and
IR4 mounted on the solar panel and placed in an enclosure. The sensors are setup in a way that
IR 1 and IR 2 are used to track the sun horizontally for drive the horizontal positioning motor
while IR 3 and IR 4 are use to track the sun vertically for drive the vertical positioning motor.
The all operations are operated by control box where microcontroller and motor control ICs
processes whole detection and control system. So that, all the three motors vertical, horizontal&
hybrid movement to ensure proper tracking of the solar panel in any position of the sun with
respect to the East-West or North-South. For the controlling circuit, microcontroller
PIC16F877A acts as a brain that controls the movement of the motor via relay. Data received
from the sensors and processed by the microcontroller. The microcontroller will send a data to
the Bi-directional DC-geared motor via relay to ensure solar panel is perpendicular towards the
Sun. Relay controls the rotation of the motor either to rotate clockwise or anticlockwise. The
solar panel that attached to the motor will be reacted according to the direction of the motor.
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RESULTS AND DISCUSSION
The performance assessment of Mono and Poly Crystalline Solar panel (25W, 12V) at
different positions are discussed below, it is done on the month of April 2014 –
Poly crystalline Solar Panel different position of Solar panel (Table-1)
Time

PW with
Stationary
(W)

PW with
Singleaxis (W)

PW with
Dualaxes (W)

PW with
hybrid
axes (W)

%
difference
b/w St &
SA

%
difference
b/w SA &
DA

%
difference
b/w St &
DA

10:00
11:00
12:00
13:00
14:00
15:00
16:00

9.40
12.72
14.11
16.76
14.60
13.14
10.64

13.91
14.84
16.62
18.72
17.54
16.12
14.46

13.98
15.10
17.73
19.83
18.10
16.87
14.94

13.96
15.15
17.76
19.84
18.03
16.81
14.97

18.04
8.48
10.04
7.84
11.76
11.92
15.28

0.28
1.04
4.44
4.45
2.24
3.0
1.92

18.32
9.52
14.48
12.28
14.0
14.92
17.2

Mono crystalline Solar Panel different position of Solar panel (Table-2)
Time

PW with
Stationary
(W)

PW with
Singleaxis (W)

PW
with
Dualaxes
(W)

PW with
hybrid
axes (W)

%
difference
b/w St &
SA

%
difference
b/w SA &
DA

%
difference
b/w St &
DA

10:00
11:00

10.29
13.70

15.09
16.32

15.24
16.44

15.27
16.42

19.2
10.48

0.6
0.48

19.8
10.96

12:00
13:00

15.38
18.16

18.10
20.48

19.12
21.52

19.08
21.46

10.88
9.28

4.08
4.16

14.96
13.44

14:00
15:00

15.98
14.18

19.01
17.78

19.70
18.58

19.74
18.61

12.12
14.4

2.76
3.2

14.88
17.6

16:00

11.58

15.75

16.14

16.11

16.68

1.56

18.24

Stationary Tracking System
The power generated by Mono & Poly Crystalline Solar Panel at Stationary position that is 23.5°
with the horizontal in southern direction & other two axis are fixed, is maximum at 13:00 p.m. &
drop with respect to the time. The maximum power generated by Poly-Crystalline Solar panel is
16.76W whereas power generated by Mono-Crystalline Solar panel is 18.16W at 13:00PM.
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Single Axis Tracking System
As its name implies the panel in single axis tracking system is rotated in one direction that is the
horizontal axis to track the sun & ensure maximum sun rays hitting the surface of the panel.
Rotation of this axis is 1.5º after each 15 minutes. The amount of Power generated by the PolyCrystalline Solar panel is 18.72W whereas power generated by Mono-Crystalline Solar panel is
20.48W at 13:00PM.
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Fig 11 Performance assessment with Stationary
Solar Tracking System
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Fig 12 Performance assessment with Single
Axis Solar Tracking System

Dual Axis Tracking System
In dual axis tracking System two of the axis of solar tracker is moving along with the suns
direction one is the horizontal axis & second is the vertical axis. The maximum power generated
by Poly & Mono Crystalline Solar Panel in Dual axis tracking system is 19.83W & 21.52W
respectively. The curve shows that the maximum power is generated in between 12:00-13:00 PM
when the intensity of sunrays is highest.

Hybrid Axes Tracking System
With the help of Hybrid axis, we can maintain the outputs or performance of dual axes automatic
hybrid solar tracking system throughout the entire year. The rotation of hybrid axis is 2.6º after
each ten days means 7.8º in one month.
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Fig 13 Performance assessment with dual
axes Solar Tracking System
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Fig 14 Performance assessment with mono
crystalline solar panel

CONCLUSION
In this paper, it has been presented a multi-axes solar-tracking system which is an efficient
system. It can be manipulated anywhere such as house-hold activities, in offices even in
industrial purposes. An experimental study was performed to investigate the effect of using
multi-axes tracking systems on the PV power output. The power of PV equipped with an E-W
sun-tracking system gave much better performance than that of fixed PV systems.
A comparative analysis is performed using four systems, i.e. hybrid axes tracking, dualaxes tracking, single-axis tracking and stationary tracking. The outcome results showed that the
use of the single-axis tracking system produced 25-30% gain of power output compared with a
stationary tracking system. The gain of output power with the dual-axes tracking system is much
higher (35-42%) when compared with a stationary tracking system inclined at 23.5 deg. to the
horizontal. With the help of Hybrid axis, we can maintain the outputs or performance of dual
axes solar tracking system throughout the entire year. So, it is the better option to select the
automatic multi-axes solar tracking system than single axis tracking & stationary sun tracking
system for optimum outputs throughout the year.
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