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ABSTRACT

Currently, the most renewable energy production is produced depending on wind and solar
energy are widely used in developed countries and some developing countries; Lately, the
means of producing electricity using renewable energy sources have become commonplace,
and there are many countries that have put in place plans to increase the percentage of their
production of renewable energy so that they cover their energy needs by 20% of their
consumption in 2020. Photovoltaic panels are used to convert solar energy into electrical
energy. When photovoltaic panels are fixed at a particular angle, limited power can be
generated. This disadvantage can be decreased by designing a solar tracker system which
changes its position automatically in accordance with the sun’s movement. Dual axis solar
tracker can continuously track the position of the sun in vertical and horizontal directions.
This paper aims to implement the most accurate control application of dual-axis solar
tracker which can rotate in horizontal and vertical direction that grantee the photovoltaic
panel remains perpendicular always facing the sun. The fabricated tracker achieves higher
efficiency so the solar panel remains a sun-oriented position at all times using two linear DC
motors, an Arduino UNO controller and some auxiliary components to improve the energy
generated from PV panels up to 36%.

KEYWORDS: Single-axis solar tracker, Dual-axis solar tracker, Solar Energy, Photovoltaic
Panel, Light Dependent resistor.
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1. INTRODUCTION

Non-renewable energy has many uses today, as it is used in all areas of life, industrial and
agricultural for electricity, water and cars. But it has many disadvantages for that all scientists
advise to replace non-renewable energy with renewable energy sources as possible, as non-
renewable energy causes many harmful phenomena to the environment and society, including
“air pollution - acid rain - acid cold - acid mist” [1-2], however the many advantages and
features of non-renewable energy, its disadvantages are more and the world always has to
avoid using it as much as possible.

Solar energy is one of the most important resources of renewable, plentiful and endless
source of energy, offering not only alternative energy resources; but also minimizes global
warming as well [3-4].Solar trackers are the device used to guide the photovoltaic panels. The
position of the sun changes throughout the year and according to the different seasons.
When the sunlight is perpendicular on the PV panel more power can be generated, so the
main propose from the dual tracker is to track the sun in all position through the year.
Passive, active and chronological tracking techniques are the most popular techniques for the
solar energy tracking system [5-7]. Passive tracking structure use some types of the
compressed gas fluid that is driven to one side or the other using the heat of the sun to cause
the tracker to move in response to an imbalance.

Active tracking structure use different types of sensors to follow the position of the sun and
control the motors of the solar panel. Chronological tracking structure is a timer based
tracking system where the solar panel rotates in a fixed rate throughout the day [8-10].

Warm countries should use solar energy as main renewable energy resource. In the Middle
East region has a relatively long sunny day all over the year [11-12]. This makes these
countries, particularly on the South side of the desert, very rich in solar energy. The main
problem appears in the usage of solar energy is the generated power efficiency is not to high,
so researchers all over the last decade try to raise the power efficiency generated to a new
levels [13-14].

Recently, there have been researches on dual axis tracking methods using different ways
[15], Deepthi.S, Ponni.A, Ranjitha.R, R. Dhanabal (2013) achieved 25% power efficiency
calculated for dual —axis solar tracker more than the fixed amount using PIC18F877A micro
controller. Rashid. Jing-Min W. and Chia-Liang L. (2013) achieved 28.31% power efficiency
calculated for dual —axis solar tracker more than the fixed amount using LDR sensor,
differential amplifier and comparator. Shyngys A., Amangldi B., Seitzhan O., and
Zhanatovich K. (2013) achieved 31.3% power efficiency calculated for dual —axis solar
tracker more than the fixed amount using LM324N micro
controller. Mahir.A, Sanzidur.R, Sayedus.S and Mohammad.A (2014) achieved 25.62%
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power efficiency calculated for dual —axis solar tracker more than the fixed amount using
hybrid dual axis solar tracking system. Betha .V, Savita .N, Pankaj .S, Doppllapudi .R (2016)
achieved 25% power efficiency calculated for dual-axis solar tracker more than the fixed
amount using Automatic Solar Tracking System using DELTA PLC. Priyanka M., Akshay D.
(2016) achieved 33.99% power efficiency calculated for dual —axis solar tracker more than
the fixed amount using electronic components and motors and the system designed not
include micro controller or PLC.

In this work, a smart automatic active structure using the feedback signal from the sun's light
sensor (LDR) to ensure that the PV panel is always at the right angle to sun’s rays known as
dual-axis solar cell tracker .The following implementation consist of Arduino UNO as a
controller, LDR as light sensors, PV panel, two linear motors, charger controller, two DC
rechargeable batteries, two dual-relay modules and auxiliary electronic components and a
wood box that to improve the energy generated from PV panels up to 36%. The paper is
organized as follows: Basic model and analysis in Sec. 2, proposed model in Sec. 3, results
and discussion are shown in sec. 4, followed by the conclusion in Sec. 5.

2. METHODOLOGY

The tracking operation based on four light dependent resistors (LDR) sensors that have been
installed in the four direction of the solar panel to measure the sunlight intensity as an input
signal. The voltage generated from every LDR is sent to the analog inputs of the Arduino
UNO controller to measure the largest input voltage using a program that has been developed
based on C++ language. Arduino UNO controller sends an output digital signal to one of the
comparators so the output of the comparator goes high state and the related relay modules is
activated to make the linear motor move the PV panel to rotate to face the sun.

The sunlight intensity from four different directions is measured by LDRs. The voltages
measured are defined as the sensing voltages produced by the east, west, south and north
LDRs. The main propose is to draw maximum power from the PV panel, the tracking
processes don’t stop until the PV panel is aligned orthogonally to the sunlight.

The next block diagram of the created dual tracking system is illustrated in Fig. 1.

Sunlight beaml

LDR Sensors

Voltage analog signal

y
—» Analog inputs of the Arduino UNO controller

Digital signal
y

Comparators

y
Dual relay module

Feedback signal

Linear motors
and PV panel

Fig.1, Block diagram of the tracker

680 JAUES, 16, 60, 2021



To track the sun’s position quickly, the Arduino UNO controller programmed at a theoretical
altitude and azimuth angles as shown in Figure 2, so the controller will response to the
change of the position of the sun through following equations [16]:

Alt = sin ~1(sinDsinL cos D cos L cos H)
H
Az = cos‘1[<sin DcosL - cos Dsin L cos—Alt]

COoS
Where/ Alt: Altitude, Az: Azimuth, / D: Declination angle, L: Local latitude, H: Hour angle.

Allitude angle

,_'_4::& o g

Sauth Azimuth angle

Fig.2, Azimuth and Altitude angles.

The theoretical value of altitude and azimuth angles that originate from sun-earth connections
are converted into digital directions for driving DC linear motors to the relating position. At
that point, the model consequently trims the elevation and azimuth angle of the PV panel as
indicated by the input sign of the proposed LDR sensor module. Arduino UNO controller
comprises of four LDR-sensors. The following model can follow the position of the sun in
any case the mediation of a LDR sensor module and it is additionally ready to work in any
case the intercession of sun-earth connections in this way, it is reliable under any climate
conditions [17].

3. HARDWARE

3.1 The Practical Model Designed

Light dependent resistors (LDR) is used as sensor to track the sun's exact position two pieces
senses the position of the sun in east and west side and other pair senses the position of the
sun in north and south side [18,19].

The smart solar panel designed using the four LDRs will extract the feedback signals from
the LDRs by using different electronics components then they send the feedback signal to the
Arduino Uno which determines the direction of the movement of the two linear motors to
ensure that the PV solar panel is always perpendicular to the incident angle of the solar rays
[20, 21]. The practical model designed appears in Fig.3.

Fig.3, Practical Model Designed
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3.2 Main components of the sun tracker :

3.2.1 The Arduino Uno

Arduino Uno represents the backbone of the whole system. Itis a microcontroller board
based on the ATmega328P. It has 14 digital input/output pins, 6 analog inputs, a 16 MHz
quartz crystal, a USB connection, a power jack, an ICSP header and a reset button [22].

3.2.2 Solar panel

It is a form of photoelectric cell, defined as a device whose electrical characteristics, such
as current, voltage, or resistance, vary when exposed to light. Solar cells are described as
being photovoltaic, irrespective of whether the source is sunlight or an artificial light. In this
project we use (25W 12V) solar panel is considered [23]. The solar panel designed to move
in horizontal and vertical directions appears in Fig.4, 5.

I 48 CM - ]1~— 35 CM
. ) £
2 CM [ ] ZCH
—— — )| HEp |
~{3}- =3[~ =5}~ —~ 3
< © © <
-8 CM|=—
Fig.4, Side view for PV solar Panel installation Fig.5, Frontview for PV solar Panel installation

3.2.3 The linear DC motor

A linear motor is an electric motor that has its stator and rotor "unrolled” thus instead of
producing a torque (rotation) it produces a linear force along its length. However, linear
motors are not necessarily straight. Characteristically, a linear motor's active section has ends,
whereas more conventional motors are arranged as a continuous loop. The specifications of
linear motor are listed in table 1.1 and Fig.6 shows the DC linear motor fabrication.

Table 1.1, Specifications of linear motor

Motor DC brush motor
Input 24/ 36V DC
Load Capacity 3000N
Standard Stroke Length 600mm
Drive Screw ACME
Full Load Speed 5 mm/sec
Duty Cycle 20%
Temperature -26°C to 65°C (-15°F TO 150°F)
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Fig. 6, Front and side view for DC motor

3.2.4 The wood box and the wood cover
Using Auto Cad we designed a wood box for all components of the model. The design of the
covers is shown in Fig.7, Fig.8:

3.2.5 The solar power controller

Solar Charge Controller Working using Microcontroller. A solar charge controller is basically
a current or a voltage controller to charge the battery and to protect the cells from
overcharging. . In this project we use (20A 12V) solar power controller [24].

3.2.6 The LDR

A photo resistor (or light-dependent resistor, LDR, or photo-conductive cell) is a light-
controlled variable resistor. The resistance of a photo resistor decreases with increasing
incident light intensity; in other words, it exhibits photoconductivity [25]. Fig.9 shows the
LDR.
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Fig.9 The LDR

4. SOFWARE

Processing is the main language that the Arduino programming language is based on which is
similar to the C language. After the program is written in the Arduino IDE, it should be
uploaded on the Arduino board for execution, [26]. The next flowchart, illustrate the
developed program appears in Fig.10.

Start

Read the LDR sensor “+
In the direction of north and
south [

Is the sensor value for i
north > south 7 ‘ Move s

Is the semsor valve foc

k@ ’ Move to south

Read the LDR sensor
In the direction of east and
west

A A

I the sensoe value foc

east > west 7 Move to east

15 S essor value for
east < west 7

Move to west

End

Fig.10 Flow chart of sun tracking algorithm
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The software represent the backbone of the whole system that receive four digital extracted
voltage signals and comparing them for making the decision that sent to the DC motors
moking the PV panel rotating. The C++ code appears in the following lines Table 1.2:

int motorl cw = 13;
int motorl_ccw = 12;
const int buttonPin=2;
int val;
int motor2_cw = 11;
int motor2_ccw = 10;
float Idr1 = AO;
float Idr2 = A1;
float Idr3 = A2;
float Idr4 = A3;
void setup() {
pinMode(motorl_cw, OUTPUT);
pinMode(motorl_ccw, OUTPUT);
pinMode(motor2_cw, OUTPUT);
pinMode(motor2_ccw, OUTPUT);
pinMode(buttonPin, INPUT); }
void loop() {
int sensorValuel = analogRead(A0);
Idr1=sensorValuel*5/1024,
val=digitalRead(buttonPin);
int sensorValue2 = analogRead(Al);
Idr2=sensorValue2*5/1024;
int sensorValue3 = analogRead(A2);
Idr3=sensorValue1*5/1024;
int sensorValue4 = analogRead(A3);
Idr4=sensorValue2*5/1024;
if(Idr1 > Idr2)
{ digitalWrite(motorl cw, HIGH);
digitalWrite(motorl_ccw, LOW); }
if(Idrl < Idr2)
{ digitalWrite(motorl cw, LOW);
digitalWrite(motorl_ccw, HIGH);}
if(Idrl == Idr2)
{ digitalWrite(motorl_cw, LOW);
digitalWrite(motorl_ccw, LOW); }
else{}
if(Idr3 > Idr4)
{ digitalWrite(motor2_cw, HIGH);
digitalWrite(motor2_ccw, LOW); }
if(Idr3 < Idr4)
{ digitalWrite(motor2_cw, LOW);
digitalWrite(motor2_ccw, HIGH); }
if(Idr3 == Idr4)
{ digitalWrite(motor2_cw, LOW);
digitalWrite(motor2_ccw, LOW); }
else{}
if(val==HIGH)
{ digitalWrite(motorl_cw, LOW);
digitalWrite(motorl_ccw, LOW); }
if(ldrl < Idr2)
{ digitalWrite(motorl_cw, LOW);
digitalWrite(motorl_ccw, HIGH); }
else{};}

Table.1.2, c++ programming language
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5. RESULTS
5.1 Relation between Power Generation and Time

P-T Characteristic of PV Module
T
7 AN

T

16

14

<

Power, W
[
o

6 Fixed \

Single axis solar tracking system
Dual axis solar tracking system

4

9 10 11 12 13 14 15 16 17
Time, Hr.

Fig. 11, The power characteristics versus time for all cases

The main propose of the designed tracker is to achieve higher generated values for the power.
The next few tables shows the power and time values received from both fixed and tracking
panel techniques for different times in a day.

From the tables it is seen that at 9:00 am there is much improvement in power values by
tracking panel techniques compared to fixed panel. But as time goes on this difference in
power between this two technology decreases. After that when the sun rotates more towards
west this difference increases again.

In the fixed cell, the highest power generated from the panel is 12.04 watt at 12:30 pm and
the smallest value is 4.83 watt at 5 pm as it shown in table 1.1.

In the tracking-single axis PV module, the highest power generated from the panel is 15.09
watt at 12:00 pm and the smallest value is 5.48 watt at 5 pm as it shown in table 1.2.

In the dual- axis tracking PV module, the highest power generated from the panel is 15.59
watt at 12:00 pm till 12:30 pm and the smallest value is 10.08 watt at 6 pm as it shown in
table 1.3.

5.2 Relation between Current Generation and Time

I-T Characteristic of PV Module
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Time, Hr.
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Fig. 12, The Current characteristics versus time for all cases
The next few tables shows the current and time values received from both fixed and tracking
panel techniques for different times in a day.
In the fixed cell, the highest current generated from the panel is s 0.86 amps at 12:30 pm and
the smallest value is 0.35 amps at 5 pm as it shown in table 1.1.
In the tracking-single axis PV module, the highest current generated from the panel is 1.07
amps at 12:00 pm and the smallest value is 0.4 amps at 5 pm as it shown in table 1.2.
In the dual- axis tracking PV module, the highest current generated from the panel is 1.09
amps at 12:00 pm till 12:30 pm and the smallest value is 0.72 amps at 5 pm as it shown in
table 1.3.

Table.1.3 shows voltage, current, power and the time characteristics for the Fixed Cell

Status Fixed Cell
Date 16/8/2019
Temperature 37C
Rain 0 mm
Reads \ [ P
Hour Volt | Ampere | Watt
9—am 14 0.77 10.78

9.30—am | 138 | 0.78 10.76
10 —am 141 | 0.78 11.00
10.30—am | 139 | 0.79 10.98
11 —am 14 0.80 11.2
11.30 —am 14 0.82 11.48
12 - pm 13.8| 0.85 11.73
12.30 - pm 14 0.86 12.04
1-pm 13.8| 0.85 11.73
1.30—-pm | 13.7| 0.81 11.1
2-—pm 13.9 0.79 10.98
2.30—pm 14 0.78 10.92
3—pm 13.8| 0.77 10.63
3.30—pm 14 0.73 10.22
4 —pm 14 0.70 9.80
430—pm | 139 | 0.0 6.95
5—pm 13.8 0.35 4.83
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axis tracking PV module.

Status Single - axis tracking
PV module
Date 17/8/2019
Temperature 37C
Rain 0 mm
Reads \Y I P
Hour Volt | Ampere | Watt
9—am 13.9 0.82 114
9.30 —am 14 0.86 | 12.04
10 —am 14 0.89 | 12.46
10.30—am 14 0.91 12.74
11—am 13.9 0.94 | 13.07
11.30—am | 139 0.97 | 13.48
12 -pm 14.1 1.07 15.09
12.30 - pm 14.1 1.05 14.81
1-pm 13.9 1.01 14.04
1.30—pm 13.8 095 |1311
2-pm 13.8 0.88 | 12.14
2.30—pm 14.2 0.85 | 12.07
3—pm 13.9 0.82 | 11.40
3.30—pm 14 0.80 11.20
4 —pm 139 | 0.77 |10.70
4.30 — pm 13.8 0.60 8.28
5-—pm 13.7 0.40 5.48

Status Dual — axis tracking
PV module
Date 25/8/2019
Temperature 36 C
Rain 0 mm
Reads \Y [ P
Hour Volt | Ampere | Watt
9-—am 141 0.90 |12.69
9.30—am | 140 | 0.95 13.3
10—am 14.1 0.98 13.82
10.30—am | 14.0 1.01 14.14
11 —am 13.9 1.02 14.18
11.30—am | 14.0 1.05 14.70
12 - pm 14.3 1.09 | 1559
12.30-pm | 14.3 1.09 | 1559
1-—pm 13.8 1.07 14.77
1.30—pm 14.1 1.05 14.81
2-pm 14.0 1.02 | 14.28
2.30 — pm 14.3 1.01 14.44
3-pm 140 | 0.98 |13.72
330-pm | 141 | 0.96 |1354
4 —pm 13.8 | 0.92 | 12.70
430-pm | 139 | 0.82 |11.40
5-pm 140 | 0.72 | 10.08
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Table.1.4 shows the voltage, current, power and the time characteristics for the Single —

Table.1.5 shows the voltage, current, power and the time characteristics for the Dual — axis tracking PV module.
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6. ANALYSIS

The first research for Deepthi.S, Ponni.A , Ranjitha.R, R. Dhanabal (2013) achieved 25%
power efficiency, the second research for Jing-Min W. and Chia-Liang L. (2013) achieved
28.31% power efficiency , the third research for Shyngys A., Amangldi B., Seitzhan O., and
Zhanatovich K. (2013) achieved 31.3% power efficiency, the fouth search  for
Mahir.A, Sanzidur.R, Sayedus.S and Mohammad.A  (2014) achieved 25.62% power
efficiency, the fifth search Betha .V, Savita .N, Pankaj .S, Doppllapudi .R (2016) achieved
25% power efficiency, the sixth search Priyanka M., Akshay D. (2016) achieved 33.99%.This
project succeeds to achieve 36% power efficiency calculated for dual —axis solar tracker more
than the fixed amount.

The recommendation for using cooling system for the PV panel because we notice that the
power generated is inversely proportional with the heat of the PV solar panel and this effect
badly on the power verses time diagram.

7. CONCLUSION

Dual solar tracker has been designed to improve energy generated performance to new levels.
The energy generated is the overall system efficiency considering to the all hardware
components connected to the system. The Dc motors, relays and other electronic components
consume about 13% of the total power generated so if the system is tasted regardless to the
power consumed in the hardware components the energy generated performance will be
increase to be about 49%. The smart model obtains the maximum energy from the sun so the
PV solar panel has to move in correct direction with correct angle and make the panel
perpendicular to the sun in all circumstances also the tracker is using a limited number of
components fitting in the small package so the tracker is considered to be cheap. Finally the
tracker is environmentally friendly.

The future view for this project is to use smaller DC motors and to make performance better
so the energy consumed will be lower.
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