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= ABSTRACT - This research paper presents comprehensive insight into the testing of a 1 KW sun tracking photovoltaic
(PV) performance. The study uses a state-of-the-art real-time string monitoring system to allow this analysis while covering an
extensive variety of atmospheric conditions. The design of the 1 KW solar tracker system incorporates a tracking sensor circuit,
motor driver circuit, string monitoring system, and solar tracker control circuit. Solar tracking systems boost energy generation by
adjusting the angle of PV panels to optimum sunlight exposure. The effectiveness of such devices can, however, be severely
impacted by atmospheric changes. In a photovoltaic (PV) facility, we have successfully developed and placed into use a real-time
system for monitoring certain strings. The system collected data on key parameters such as current, voltage, and temperature,
providing insights into the health and efficiency of each string. Our study encompassed various atmospheric conditions, including
clear skies, cloudy days, and fluctuating solar radiation. A DAQ system developed communicate with observations such as the
voltage and current of photovoltaic arrays and the voltage and current of DC motors. When comparing the dual-axis tracking system
to the static PV system, a maximum of 48% more electricity can be extracted. Both days with clear skies and days with clouds
provide satisfactory results. The supply for the tracker control circuit comes from PV cells. Therefore, there is no need for any
auxiliary supply, such as a battery.
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The dual-axis sun tracking photovoltaic (PV) system
1. INTRODUCTION amalgamates mechanical and electrical subsystems shown in

figure 1. This system encompasses key components such as PV
cells, an LDR sensor circuit, a power supply to facilitate the
operation of tracker control mechanisms, and a dedicated string
monitoring circuit. The LDR sensors control mechanisms, and
a dedicated string monitoring circuit. The LDR sensors detect
variations in sunlight intensity and relay the signal to a
comparator. This comparator subsequently directs the motor
driving circuit to initiate the rotation of the PV panel. The solar
panels used in this work are capable of generating 335W power
each. The specifications of a panel provided by vender at

This paper offers a comprehensive overview of the intricate
process involved in designing and implementing the electrical
circuits that form an integral part of both the dual-axis sun
tracker (DAST) and the string monitoring systems. The dual-
axis sun tracker circuitry is a complex assembly encompassing
several key components, such as a dedicated 5V power supply
circuit that serves the control system, a circuit housing Light
Dependent Resistor (LDR)- based sensors, and an adept H-
bridge motor driving circuit. Data Acquisition (DAQ) circuit,
meticulously devised to facilitate the seamless transmission of

Website: www.ijeer.forexjournal.co.in Dynamic Monitoring and Analysis of Dual-Axis Movement


https://ijeer.forexjournal.co.in/special-issue-bdf.php
https://www.ijeer.forexjournal.co.in/
mailto:1990uditmamodiya@gmail.com
https://doi.org/10.37391/ijeer.12bdf03
https://ijeer.forexjournal.co.in/archive/volume-12/ijeer-12bdf03.html
https://ijeer.forexjournal.co.in/archive/volume-12/si-bdf.php
https://ijeer.forexjournal.co.in/archive/volume-12/si-bdf.php
https://ijeer.forexjournal.co.in/archive/volume-12/si-bdf.php

FOREX

Publication
Open Access | Rapid and quality publishing

standard test conditions (100 mW/Cm?2. at air mass 1.5 and at
25 OC cell temperature) are present in table 1.

(b) Electrical Subsystem
Figure 1: Sun tracking system (335x3 watt)

. Table 1:  Specifications of 335Wp  Solar
Photovoltaic Modules
Type UTL 335W PV
module
Rated power 335w
Open circuit voltage (Voc) 45V
Short circuit current (Isc) 9.10A
Voltage at maximum 37.03v
power (Vmpp)
Current at maximum 8.79A
power (Impp)
Total number of cells 72
The electrical properties deviate no more than +/-3% from the
specified values under Standard Test Conditions (1000W/m?, 25°C,
AM 1.5).

International Journal of

Electrical and Electronics Research (IJEER)

Research Article | Volume 12, Special Issue -BDF | Pages 12-18 | e-ISSN: 2347-470X

= 3. SOLAR TRACKER CONTROL
CIRCUIT FOR DAST

The control circuit for the sun tracking system holds significant
importance as it enables the operation of dual-axis tracking. In
this designed circuit, a pair of LDR sensors is employed to
facilitate the rotation of the DC motor for East-West movement,
while another set of two LDR sensors facilitates the tracker's
motion from West to East. The positioning of the LDR sensors
is visually represented in figure 2.

(b) Visual Representation of LDR Sensors
Figure 2: Fabricated control circuit & Visually representation of
LDR sensors

The motor driving signal output circuit in a dual-axis solar
tracker circuit is responsible for generating the appropriate
control signals that drive the DC motors responsible for
adjusting the solar panel's orientation. The microcontroller
(such as ATmega8) generates digital output signals based on
calculations from the sun tracking algorithm. These signals
determine the required direction, speed, and duration of motor
movement to achieve accurate solar panel positioning. Solar
tracker circuit has been shown in figure 3.
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Figure 3: Solar Tracker Control Circuit for Dual Axis

7 4. MOTOR DRIVER CIRCUIT FOR
DAST

Figure 4: Circuit Diagram of Dual Axis Solar Circuit Tracking
Motor Driver Circuit

In a DAST system, the motor driver circuit holds a pivotal role
in controlling the movement of the solar panels as they track the
sun's position in both the azimuthal and elevation directions.
The motor driver circuit is responsible for supplying the
appropriate power and signals to the motors that control the

movement of the panels. Figure 4 has been shown the motor
driver circuit for DAST [3-4].

Figure 5: Fabricated motor driver
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7 5. STRING MONITORING SYSTEM
FOR DUAL AXIS SOLAR TRACKER

String monitoring in Solar PV systems are divided into two
main levels: 1. SPV Plant level. 2. Base station Monitoring
Level. Monitoring at plant level includes a Data Acquisition
System (DAS). Supervisory monitoring of string voltage and
current comes under Base Station Monitoring level. In the Plant
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level data acquisition system gathers data from DC link,
weather sensors (temperature and insolation) and provides the
same to PC based monitoring for operational purposes [9]. Plant
level monitoring is responsible for reporting voltage and current
values of each string. The String monitoring includes
Performance ratio and Efficiency. In the proposed system, DAQ
is used for plant level monitoring.

Figure 6: Circuit Diagram for Dual axis solar tracking String Monitoring system

In DAST Data Acquisition (DAQ) system or string monitoring
system, the ATmega32 microcontroller is a central processing
unit for controlling, monitoring, and processing data from the
solar tracking system. XTAL1 and XTAL2 pins are used to
connect an external crystal oscillator for generating the
microcontroller's clock signal. The ACS712 Hall-effect current
sensor circuit plays an important role in a Dual Axis Solar
Tracking Data Acquisition (DAQ) system by accurately sensing
and measuring the current flowing through various components,
such as solar panels & motors [6]. It is comprising of three hall
effect sensors. First hall effect current sensor is used for
measuring the PV string current, second for current
measurement of X- motor for East-west movement, and the
third sensor for measurement of current taken by the Y-motor
during elevated rotation. Fabricated Circuit Diagram for Dual
axis solar tracking String Monitoring system has been shown in
the figure 7. The DFO4M DC voltage rectifier is a fundamental
component in a Solar Tracker DAQ circuit [10]. Its role in
converting solar panel-generated AC voltage to stable DC
voltage enhances the accuracy, compatibility, and reliability of

the voltage data captured by the DAQ system, enabling
effective monitoring and analysis of solar panel efficiency.

L il

Figure 7: Fabricated Circuit of DAST String Monitoring system
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i 6. TRACKING SENSOR CIRCUIT
FOR DUAL AXIS SOLAR TRACKER

A tracking sensor circuit in a DAST is a crucial component that
helps determine the optimal position of the solar panels based
on the sun's position. This circuit uses various sensors to collect
data about the sun's direction and intensity, enabling precise
adjustment of the solar panels to maximize energy capture.
Photovoltaic (PV) cells or light-dependent resistors (LDRs) are
commonly used to measure light intensity [11]. These sensors
detect the sun's position by sensing the direction of the highest
light intensity. Circuit diagram is shown in the figure 8.
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Figure 8: Tracking sensor circuit
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Figure 10: Hardware Set up of Data Acquisition (DAQ) or String
Monitoring System with a 200- watt load
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©17.DC-MOTOR SYSTEM

The sun changes its position throughout the day, whole year. To
track the exact position of the sun, a solar tracking system
require two degrees of freedom. Therefore, in solar tracking
system, two DC motors and gear system are used. Geared DC
motors are preferred because of their low speed and high
starting torque [12]. The first DC motor is used for azimuthal
rotation and second on is used for elevated rotation as shown in
figure 11. The shaft of DC motors is connected to warm gear
transmission system. These DC motors are mounted in a
tangential position of the circular gear as shown in figure 11. In
this experimental analysis, we integrated two motors: the first
one controlled motion along the X-axis with a robust power
output of 90 watts, while the second one was assigned to
maneuver the Y-axis and featured a power capacity of 60 watts.

(b) Motor Y
Figure 11:1KW Tracker System utilizes two 12V DC motors within
its dual-axis tracking mechanism

i 8. PERFORMANCE ANALYSIS OF
DUAL AXIS TRACKING SYSTEM ON
CLEAR SKY DAY, UNDER CLOUDY
DAY & PARTIALLY CLOUDY

CONDITIONS
8.1 Clear Sky Day

The data collection was done via designed string monitoring
circuit shown in figure 10. The DAQ system was connected
with CPU via USB. The data collection was done via designed
string monitoring circuit. The experiment was performed in a
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clear sky day on date 15-7-2023. For this experiment 180-watt
DC bulb load was connected to each PV system. The variation
in powers of dual axis PV tracker and static PV system are
shown in figure 12. It can be seen that the power produced by
both PV system is almost same between the time intervals 10.20
a.m. to 1.00 p.m. It was observed that dual axis tracking PV
system produced 47% more power compare to static PV system
on given day.
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Figure 12: Fluctuation in power produced by PV systems on date 15-
07-2023

8.2 Under Cloudy Day

The efficiency of dual axis tracking system under the cloudy
atmoshpheric situation was observed on given date 22-07-2023.
The data was collected via DAQ circuit. The power generated
by DAST PV system is shown in blue color and the variation in
power generated by static PV system shown in green color.
Effect of clouds is clearly visible in figure 13 from 1.00 p.m.
onwards. It has been observed that the efficiency of SPV system
with dual axis sun tracker is 23% more as compared to static PV
system’s efficiency on this day.
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Figure 13: Fluctuation in power produced by both PV systems under
cloudy day
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8.3 Partial Cloudy Day

Figure 14 shows the variations in power of tracking PV system
and static PV system under partial cloudy day till 1:00 pm after
that sky becomes clear. The data collection was done from 9:00
a.m. to 3:30 p.m. The increase in efficiency of SPV system due
to tracking has been observed to be 36% more as compared to
fixed SPV system.
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Figure 14: Fluctuation in power in both PV systems under cloudy to
clear sky day

9, CONCLUSION

The tracking system and designed circuits provide satisfactory
results & all the circuits are cost effective. The efficiency and
proper monitoring of the current solar photovoltaic power plant
is increased as a result, and new implementation strategies must
be developed. String monitoring is another important area for
monitoring and fault diagnosis of thousands of panels installed
in any large-scale solar PV power plant. According to the above
findings, the dual axis tracking system can extract up to 45-48%
more electricity than a static photovoltaic system. Both on days
with clear skies and clouds, the findings continue too good. PV
cells provide the electricity for the tracker control circuit.
Consequently, no additional supply, such as a battery, is
required.

Sakthivadivel D, Balaji K, Rufuss DDW, Iniyan S, Suganthi L. Solar
energy technologies: Principles and applications. Renewable-Energy-
Driven Future. Academic Press; 2021. p. 3-42.

] Dhass AD, Beemkumar N, Harikrishnan S, Ali HM. A review of factors
influencing the mismatch losses in solar photovoltaic systems. Int J
Photoenergy 2022; 2022:1-27.

[3] Awasthi A, Shukla AK, SR MM, Dondariya C, Shukla KN, Porwal D,
Richhariya G. Review on sun tracking technology in solar PV system.
Energy Reports 2020;6: 392—405.

[4] Racharla S, Rajan K. Solar tracking system-a review. Int J Sustainable
Eng 2017;10(2):72-81.

[5] Pandey A, Pandey P, Tumuluru JS. Solar energy production in India and
commonly used technologies—an overview. Energies 2022;15(2):500.

[6] Liu Z, Yang A, Gao M, Jiang H, Kang Y, Zhang F, Fei T. Towards
feasibility of photovoltaic road for urban traffic-solar energy estimation
using street view image. J Cleaner Prod 2019; 228:303-18.

[2

Website: www.ijeer.forexjournal.co.in

Dynamic Monitoring and Analysis of Dual-Axis Movement


https://ijeer.forexjournal.co.in/special-issue-bdf.php
https://www.ijeer.forexjournal.co.in/

FOREX

International Journal of

Publication Electrical and Electronics Research (IJEER)

Open Access | Rapid and quality publishing Research Article | Volume 12, Special Issue -BDF | Pages 12-18 | e-ISSN: 2347-470X

[7] Kapoor K, Pandey KK, Jain AK, Nandan A. Evolution of solar energy in
India: A review. Renew Sustain Energy Rev 2014; 40:475-87.

[8] Dehshiri SSH, Firoozabadi B. Comparison, evaluation and prioritization
of solar photovoltaic tracking systems using multi-criteria decision-
making methods. Sustain Energy Technol Assess 2023; 55:102989.

[9] Huld T, Siri M, Cebecauer TY Dunlop E. Optimal mounting strategy for
single-axis tracking non- concentrating PV in Europe. In: 23rd European
Photovoltaic Solar Energy Conference and Exhibition, 1- 5 September;
2008. p. 3253-7.

[10] Liang H, Han H, Wang F, Cheng Z, Lin B, Pan Y, Tan J. Experimental
investigation on the spectral splitting of photovoltaic/thermal hybrid
system with two-axis sun tracking based on SiO2/TiO2 interference thin
film. Energy Convers Manage 2019; 188:230-40.

[11] Hall M, Roos A, Karlsson B. Reflector materials for two-dimensional low
concentrating photovoltaic systems: the effect of specular versus diffuse
reflectance on the module efficiency. Prog Photovoltaics 2005;13(3):217—
33.

[12] Ronnelid M, Karlson B, Krohn P, Wennerberg J. Booster Reflectors for
PV Modules in Sweden. Prog Photovoltaics 2000;8(3):279-91.

[13] Pramit S, Soumya G. Light sensor based Automatic solar tracking system
using a parabolic reflector and Lenses focusing action for maximum
power tracking system. Int J Emerging Technol Adv Eng 2014;4(2):286—
92.

[14] Yang B, Zhao J, Xu T, Zhu Q. Calculation of the concentrated flux density
distribution in parabolic trough solar concentrators by monte Carlo ray-
trace method. A symposium on photonics and optoelectronics. 2010. p. 1—
4.19-21 June.

[15] Mwithiga G, Kigo S N. Performance of a Solar Dryer with Limited Sun
Tracking Capability. J Food Eng 2006; 74:247-52.

[16] Al-Amayreh MI, Alahmer A. On improving the efficiency of hybrid solar
lighting and thermal system using a dual-axis solar tracking system.
Energy Reports 2022; 8:841-7.

[17] Alhadri M, Alatawi |, Alshammari F, Haleem MA, Heniegal AMA,
Abdelaziz GB, Ahmed MMZ, Algsair UF, Kabeel AE, Elashmawy M.
Design of a low-cost parabolic concentrator solar tracking system: tubular
solar still application. J Sol Energy Eng 2022;144(5):051006.

[18] Hariri NG, AlMutawa MA, Osman IS, AlMadani IK, Almahdi AM, Ali
S. Experimental investigation of azimuth-and sensor-based control
strategies for a PV solar tracking application. Appl Sci 2022;12(9):4758.

[19] Rad MAV, Toopshekan A, Rahdan P, Kasaeian A, Mahian O. A
comprehensive study of techno-economic and environmental features of
different solar tracking systems for residential photovoltaic installations.
Renew Sustain Energy Rev 2020; 129:109923.

[20] Martin-Martinez S, Canas-Carret ~ on ~ M, Honrubia- Escribano A,

Gomez-L ~ ° azaro EJEC. Performance evaluation of large solar
photovoltaic power plants in Spain. Energy Convers Manage 2019;
183:515-28.

@ © 2024 by the Udit Mamodiya and Neeraj
@ Tiwari. Submitted for possible open access
publication under the terms and conditions of

the Creative Commons  Attribution (CC BY) license
(http://creativecommons.org/licenses/by/4.0/).

Website: www.ijeer.forexjournal.co.in

Dynamic Monitoring and Analysis of Dual-Axis Movement


https://ijeer.forexjournal.co.in/special-issue-bdf.php
https://www.ijeer.forexjournal.co.in/

