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Abstract

The term solar energy refers to the radiation in light energy and the heat of the sun that is received in a high
amount. The solar energy that is received from the sun reaches the surface from the 6 surface layers that
travel from the sun to power the environment. Some parts of the solar energy can be converted into electrical
energy, and the maximum solar energy is transmitted or reflected in the environment. Solar energy can be
converted and used to the fullest extent possible while there is an energy crisis in the world, society, and
power companies. In this paper we will discuss the solar energy generation, control of power, tracking of the
solar panel, data collection from the SPV power plant, and comparison of the solar tracking data and non-
tracking data. The main aims of this research are to reduce the cost and increase the amount of electricity
generated for installed PV systems by fabricating a simple control circuit for dual axis solar tracker PV
systems. It is possible to design an SPV power plant monitoring system that can be installed along with the
solar panels for the generation of electrical energy and can be controlled and monitored remotely. It should
be checked frequently to ensure system control and continuous power supply. By implementing both
techniques, the cost of a PV power plant can be reduced by increasing the productivity and proper
monitoring of the photovoltaic generation system. This paper presents a detailed description of the designed
and fabricated electrical circuits used in the tracker PV system and string monitoring system. Reduction in
operating cost of SPV dual axis tracking system. Power losses due to control circuits in moonlight are also
avoided, as per the design presented by many authors in the past. Energy losses can be detected and
corrected by monitoring the operational performance and analyzing the recorded data of PV systems.
Monitoring PV systems is pretty helpful in developing white papers and setting benchmarks for the system
performance of PV systems. The sun tracker circuit consists of a 12-volt power supply circuit, an LDR-
based sensor circuit, an H-bridge circuit, a timer circuit, and a DC motor driving circuit. For transferring the
data wirelessly like PV string array voltage, current, and voltage taken by DC motor during the sun tracking
throughout the whole day from the remote station to base station, a simple X-bee-based designed circuit.

Keywords: SPV Power Plant, Operating Cost, Tracking System, Fabricated PV System, Control
Circuit, MPPT Techniques, Solar Energy.

1. Introduction

Solar energy is generated by photovoltaic plants but also it is generated by semiconductor devices, these
devices are called solar cells, and a combination of the cells is called solar arrays [1, 2]. The load of the
home is taken at the average of 1.7 KW for the power system at run-on maximum load condition. The area
approximate area required for the installation of a 1.7 kW SPV system is about 142 square meters,
depending on the size and efficiency of the panels, as has been observed; the cost of energy has been a
matter of concern. Many researchers are going to meet the demands of solar energy available and produce
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more energy at a lower cost while taking care of the environment and various government agencies are
working to promote alternative sources of energy and its conservation [3, 4].

The main aims of this research are to reduce the cost and increase the amount of electricity generated for
installed PV systems by fabricating a simple control circuit for dual-axis solar tracker PV systems. An SPV
power plant system is designed for generating solar energy for supplying the load center at the maximum
value and it would be controlled by monitoring the system. Regular monitoring of the system reduces
maintenance losses of the panel. By implementing both techniques, the cost of the PV power plants can be
reduced by increasing the productivity and proper monitoring of photovoltaic generating system [5].

After monitoring the operational performance and analyzing the recorded data of PV systems, energy losses
can be detected and corrected. Monitoring of PV systems is pretty helpful in developing white papers and
setting benchmarks for the system performance of PV systems. This paper presents a detailed de- description
of designed and fabricated electrical circuits used in tracker PV systems and string monitoring systems [6].
The sun tracker circuit consists of a 12-volt power supply circuit, an LDR-based sensor circuit, H- a bridge
circuit, a timer circuit, and DC motor driving circuit.

For transferring the data wirelessly like PV string array voltage, current, current, and voltage taken by DC
motor during the sun tracking within the whole day from the remote station to the base station, a simple X-
bee-based designed circuit also describes in this section. For monitoring the voltage and current of the PV
array, a front view has been developed on the dot.net platform. At last, results describe the improved
efficiency of SPV systems due to single both dual and single-axis solar tracking systems including different
environmental conditions [7, 8].

2. Required Components of Electrical Circuit

Figure — 1: Electrical Subsystem of Fabricated Solar Tracking System (170X3 Watt)

The overall dual-axis sun tracker PV system consists of mechanical and electrical subsystems as given
above in Figure — 1. The sun tracker system mainly consists of electrical components like PV cells, an LDR
sensor circuit, a power supply to operate the op-amp-based tracker control circuitry, and a simple string
monitoring circuit. The sunlight intensity of the sun can be sensed by the LDR sensors and the signal is sent
to Op-amp, Operational amplifier compares the voltages coming from the LDR sensors and give the signal
to the motor driving circuit of the PV panel to change their position from one point to another point.

The PV cells are nothing but it is electrical transducers that are used to generate electrical energy from the
heat energy of the sun. The rating of the solar panel is 170 w for each panel to fulfill the load demand of the
center [9]. The solar panel has their specification at the standard test condition (100 mW /Cm?. at air mass
1.5 and at 250C cell temperature) present in Table — 1.
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Specification of the solar panel 72 cells are used within series (12*6)
P P Glass Laminated single Type

Size of the solar panel 1595 (£3) x 790 (£ 2) x 50 (= 1) MM

Weight (Kg.) 15 with Anodized Aluminum Frame

O C (Voltage) 42.00V

SCC 04.86 A

(Ampere) 35V

Operating Voltage 170.0 W = 3%

Max Power Output

Table — 1: Specifications of 1770WP Solar Photovoltaic Modules (L24150 type module)

-
. »

Figure — 2: Basic Circuit of the Solar Tracker Controller at Dual Axis

To track the sun's position during the whole day and the whole year, the tracker control circuit plays an
important role. This circuit was designed for dual-axis tracking control. It is connected to the power supply
circuit. The fabricated control circuit is shown in Figure — 2. The circuit diagram of the single-axis solar
tracker has been represented in Fig 3. In this designed circuit four light-dependent resistors are used [10].
Two LDR sensors are used to rotate the DC motor from the East to west direction and the other two LDR
are used to move the tracker from the west to east direction. First, in the fabricated circuit, fixed-resistance
of 100 KQ was used in place of the left side LDR sensor than problem faced on a cloudy day; in the low-
intensity sunlight tracker control circuit did not work properly. Because whenever the voltage across the

right LDR sensor is lower than the reference value (voltage across fixed resistance) sun tracker fails to track
the exact sun position.

Figure — 3: Fabricated Delay Timing Circuit
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For smart tracking, a partition is provided between the left and right side LDR sensors. Whenever the same
sunlight occurs on both sides of LDR there will no voltage difference at Op-Amp and the tracker will not
move. In the morning time left side sensor receives full light intensity and the right side LDR will come in
under shadow due to the partition wall. In this situation, the tracker starts to move from the west to the east
direction till both LDRs will not get the same sunlight. A similar concept is applied to east-to-west rotation.
The same circuit and concept are used for elevated sun tracking [11].

A Delay timing circuit is used for reducing the power consumed by the tracker control circuit. In the first
setup, the solar tracker control circuit was directly connected to a 170-watt solar panel without the use of a
delay timing circuit than DC motor continuously take the power from the PV cells, resulting in very much
power losses in the tracker control circuit.

To overcome this problem, a Delay timing circuit has been designed. The Delay timing circuit consists of
two 555 timers IC, one flip- flop and one ripple counter. In this circuit, a variable pot was used to adjust the
on/off timing pulse according to our requirements. With the use of this delay circuit, the power consumed by
the tracker control circuit can be reduced by 40%. In the experimental setup, it has been seen. Whenever the
circuit timing pulse is on than tracker control circuit takes 0.16 Amp current, while in off position control
circuit takes 0.08 amp current. In this circuit, the POT has been adjusted such a way that the timer circuit
generates an ON pulse for one minute and an OFF pulse for four-minute [12, 13].

DC Watt-Hour meter has been designed for measuring the power consumed by the tracker control circuit
and DC motors. The specifications of components used in fabricated Watt-Hour meter. The fabricated
circuit of the DC-watt-hour meter is shown in Figure — 4.

The circuit layout diagram is shown in Figure — 4. In this circuit, the ATMEGAL6 microcontroller is used
for calculating the power consumed by the dual-axis sun tracker circuits and 24-volt DC motors. An LCD is
connected for displaying voltage and current values. The program is used in the microcontroller. It has been
measured that the total power consumed by the circuit is 2.13 watts/hour [14, 15]. And the power consumed
by the circuit in a whole day is 20 watts. The tracker control circuit is directly connected to the PV panel via
a power supply circuit. So, in absence of sunlight, the tracker control circuit will not be operated so the use
of a limit switch can be avoided.

-

Figure — 4: Designed DC Watt-Hour Meter Circuit
3. String Monitoring and Controlling System

It is comprised of X-bee and three hall-effect sensors. The PV string current is measured with the utilization
of the Hall Effect current module. The second one is used for the current measurement of the X-motor, taken
by the DC motor during the tracker movement from east to west and vice-versa. The third current sensor is
used for the measurement of current taken by the Y-motor during elevated rotation. In this work, we used
ACS714 Hall Effect Sensors built-in string monitoring units of rating 5 amps to measure the values of DC
current, for measuring the value of DC voltage a simple potential divider circuit was mounted on the string
monitoring system as shown in the Figure — 5. And also a DC Watt-hour meter. As explained above is
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connected to this circuit for measuring the DC power consumed by the circuit and DC motor during the
dual-axis tracking [16].

4. Results

The performance and power consumed by the motor during dual-axis tracking were analyzed. The values of
voltages and currents are recorded within a whole day for both motors. The data have been recorded in
different conditions of the environment such as a clear sky day, or a cloudy day may be (fully or partially).
Before using the current sensor in the fabricated circuit, a reading was taken in the lab to see the
performance analysis of the Hall Effect sensor. The input current level in Ampere is shown in the blue bar
and the corresponding out voltage level in mV is shown in a red bar in the presented bar chart, as shown in
Figure — 6.

The current and voltage of the PV array can be monitored and calculated, DC motor, a user-friendly front
view was designed on the VB.Net platform. So that any user can easily axis, use, and monitor at any time
the different parameters and data in terms of current and voltage received from the PV array. Also, a
recording option has been implemented so that the data coming from the remote station can be stored in *.
xlIs file. In this front view design, voltage and current values taken by both motors during the dual axis
tracking also can be monitored as shown in Figure — 7.

The following results have been obtained as shown in Figures 8, 9, and 10 for the DC motor during
azimuthal tracking (X-Motor). Figures 7(a), (b), and (c) shows the variations in power, voltage, and current
with respect to time. The data was recorded on date 14-07-2022, under clear sky day conditions. It has been
calculated that the total power consumed by X-motor during azimuthal tracking from 11:00 AM to 5:00 PM
is 0.127 watts.

Figure — 5: Fabricated Circuit of Plant Level String Monitoring System

To see the variation in Power, voltage, and current with respect to time. The data was recorded on date
16-07-2022, under partial cloudy sky day conditions [17, 18, 20]. These variations are shown in Figures 8
(a), (b), and (c). The power consumed by X-motor on this day is 0.086 watts. This power is calculated for
the recorded data from 10:00 AM to 4:00 PM
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Figure — 6: Bar Chart of Hall Effect Sensor Output (in mVolt)
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Figure — 7(a): X-Motor Power (watt) Vs Time (sec.)
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Figure — 7(b): X-Motor Voltage (volt) Vs Time (sec.)
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Figure — 7(c): X-Motor Current (amp) Vs Time (sec.)
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Figure — 8(a): X-Motor Power (watt) Vs Time (sec.)
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Figure — 8(b): X-Motor Voltage (volt) Vs Time (sec.)
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Figure — 8(c): X-Motor Current (amp) Vs Time (sec.)

Figures 9(a) and (b) show the variation in power and voltage in X-motor for the recorded data on the date
19-07-2022, fewer than 60% cloudy day. The total power consumed from 9:00 AM to 4:00 PM by X-motor
on this day is 0.195 watts [19].
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Figure — 9(a): X-Motor power (watt) Vs Time (sec.)
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Figure — 9(b): X-Motor Voltage (Volt) Vs Time (sec.)

Figure — 10 shows the different variation in solar radiation on the day fully cloudy or partly cloudy. In this
graph relation is given between solar radiation from 100 to 1000 intensity and the time morning to evening
8: 00 AM to 5:30 PM then the intensity of the sunlight change due to the cloudy weather in this way output
power depends on the intensity of the solar radiation not the direction of the sun. Figure — 11 provides the
relation in the variation of the current consumption at the 1000-watt load with respect to time from morning
to evening. Figure — 12 gives the Graphical Representation of the Power Variation of both Systems under a
fully Cloudy Day.
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READING ON DATE : 16-07-2022
TRACKER FIXED ANGLE
SNO TIME ["'voltage [ Current | Voltage |  Current | X (Azimuthal)] Y (Elevated)
1 10.15 23.00 13.2 22.50 12.1 010 -10.0
2 10.44 24.00 135 23.70 12.2 010 -08.0
3 11.21 24.28 13.7 24.00 12.4 017 -03.0
4 11.35 25.18 13.8 24.61 12.5 020 -01.5
5 11.45 24.92 13.9 24.20 12.6 025 -00.5
6 12:00 25.00 135 24.53 12.3 033 00.0
7 12.10 25.20 13.8 24.78 12.6 037 00.0
8 12.20 25.36 13.6 24.82 124 045 00.1
9 12.35 23.50 135 22.10 125 053 00.1
10 12.46 25.80 13.8 24.46 12.6 060 00.1
11 13:00 25.82 13.6 24,72 125 068 00.1
12 13.10 24.78 134 23.10 12.3 078 00.1
13 13.25 24.53 13.0 22.50 12.3 082 00.1
14 13.55 23.95 12.0 18.10 115 095 -06.0
15 14.15 22.15 12.0 17.68 10.0 098 -08.0
16 14.30 25.75 125 16.14 10.9 105 -11.0
17 14.40 23.59 12.0 14.72 105 107 -13.0
18 14.50 23.28 11.9 13.68 09.7 109 -14.0
19 15:00 19.12 10.5 08.50 09.8 110 -15.5
20 15.10 17.65 12.0 09.42 08.0 112 -17.0
21 15.20 21.32 11.8 08.35 07.5 114 -20.0
22 15.30 12.24 08.7 05.70 06.0 115 -20.0
23 16:00 07.22 06.7 02.65 05.0 116 -21.0
24 16.35 03.57 05.0 00.45 00.0 214 -22.0

Table — 2: Reading for Performance Analysis of Solar 510 Watt Solar Tracker System

10007 ‘"\Er "
500 |

700 | 4
500 |
300 |

1 :}:| . -

&:00 AM 10 00 AM 100 PM 3:00 P 5 :30FM
Time

Figure — 10: Variation in Solar Radiation under Cloudy Day
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Figure — 11: Variation in Current Consumed by 1000 Watt Load Connected to Both PV Systems
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Figure — 12: Graphical Representation of Power Variation of Both System Under Cloudy Day

5. Conclusion

Both PV systems were mounted at 26° south-facing from the horizontal axis and the data was collected on
the date of 16 -07-2022 on a partial and fully cloudy day The data recording was started from 8:30 AM and
recorded till 5:30 PM. Figure — 12 shows the variation in power within the whole day. The total power
calculated from the cleaned PV System is 8297508 watts while from dusted PV system is 4977221.7 watts.
The efficiency of the cleaned panels PV System was calculated as 66.3% more energy compared to dusted
PV System power. From the above results, it is determined that dual-axis tracking systems have 48 % higher
efficiency compared to the static solar PV system. The results obtained are also good on cloudy as well as
clear sky days.
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