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ABSTRACT

Solar energy is rapidly gaining notoriety as an amignt means of expanding renewable energy resouik®
such, it is vital that those in engineering fieldwlerstand the technologies associated with tleia. goroject will include
the design and development of prototype model af duis solar tracking system. Solar tracking alanore energy to be
produced because the solar array is able to reafigined to the sun. solar tracking PV panel produtere energy than
the fixed one with about 49% efficiency. Two degreé freedom orientation is feasible. The controlias been used to
control the charge and discharge of DC batterytain their long life. As well as dual axis tradkiis possible due to two
tracker are available in horizontal/vertical difentwith LDR as senser. Which control the positafrDC motor to track
the panel in real orientation. The controller isidaed to rotate the panel from -900 to +900. Ttesented dual axis solar
panel tracking system keeps the solar photovolpainel perpendicular to the sun throughout the yeat thereby
improving the efficiency of the solar system. Thare 2 axes of rotation for this system which exaiccording to Hour

Angle and Declination.
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INTRODUCTION

Solar tracker is a device which follows the movetrathe sun as it rotates from the east to the eesry day.
The main function of all tracking systems is to\pde one or two degrees of freedom in movementcKews are used to
keep solar collectors/solar panels oriented diyeittivards the sun as it moves through the sky edasgy Using solar
trackers increases the amount of solar energy wisickeceived by the solar energy collector and oaps the energy
output of the heat/electricity which is generat8dlar trackers can increase the output of solaelpasy 20-30% which

improves the economics of the solar panel project.

The tracker is uses a commercially bought sun sewstollow the sun across the sky throughout thg. d-or
building the tracker some additional physical as@lystructural analysis for load-bearing compos@rfttracker is done.
Tracker is compared with fixed solar panel to sdwtwkinds of power output improvements the trackes able to
generate. Solar tracker can generate a noticeaigeovement in power output over an extended peoiotime when

compared to a fixed solar panel.
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MATERIALS AND METHODOLOGY
How do Photovoltaic Work?

Photovoltaic is the direct conversion of light irlectricity at the atomic level. Some materialkibit a property
known as the photoelectric effect that causes therabsorb photons of light and release electronseMthese free
electrons are captured, an electric current rethdiiscan be used as electricity. A solar cello@lslled photovoltaic cell or
photoelectric cell) is a solid state electrical idevthat converts the energy of light directly ingtectricity by the
photovoltaic effect. Crystalline silicon PV celleeahe most common photovoltaic cells in use todaypumber of solar
cells electrically connected to each other and rtexliim a support structure or frame is called atgataic module.
Modules are designed to supply electricity at aateoltage, such as a common 12 volts system.clihent produced is

directly dependent on how much light strikes thedole. Multiple modules can be wired together torf@n array.

Figure 1: Photovoltaic Panel or Array

In general, the larger area of a module or arragrenelectricity will be produced. Photovoltaic méekiand
arrays produce direct-current (dc) electricity. ¥loan be connected in both series and paralletrelacarrangements to

produce any required voltage and current combinatio

Equipment Used in Solar Tracker System

Solar Panel

A solar panel is a packaged, connected assemblghofovoltaic cells. The solar panel can be used as
component of a larger photovoltaic system to gdaesad supply electricity in commercial and rest@grapplications.

Multi crystalline panel is rated by its DC outputvger under standard test conditions.

Figure 2: Solar Panel

Battery

In electricity, a battery is a device consistingoofe or more electrochemical cells that conventestahemical
energy into electrical energy. There are two typieisatteries: primary batteries (disposable ba&riwhich are designed
to be used once and discarded, and secondaryibsit(ezchargeable batteries), which are designdwktoecharged and
used multiple times. The battery is used to stoeedc voltage obtained from solar radiation throsglar panel. Here we

are using a lead-acid battery.
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Specification
Voltage and Ampere-hour capacity:12V, 7Ah
Constant voltage charge = 15-35 at 20°C
Voltage regulation:-
Cycle use = 14.4-15.0 V at 20°C

Stand by use = 13.5-13.8 V at 20°C

Figure 3: Lead Acid Battery

Light Dependent Resistor (LDR)

Figure 4: LDR

The LDR is a sensor whose resistance decreasesligheimpinges on it. This kind of sensor is cormtyoused
in light sensors circuit. LDR is made of a highiseance semiconductor. It can also be referred phiaioconductor. If
light falling on the device is of the high enougbd. Photons absorbs by the semiconductor give btaairons enough

energy to jump into the conduction band. The rasyfree electron conducts electricity thereby long the resistance.

DC Motor

Figure 5

DC motors are cheaper to buy, and simple to driviethey need fed back sensor to allow Figure 5:Déiom
control of the speed. It is necessary to detectategion of the wheels, usually by means of senetter controlled by
pulling the motor supply that uses less batterygravan the resistor methods. The Advantages afator are torque and

their speed is easier to control. The drawback ©fribtors is that they consumed huge amount of power
Specification: Voltage =12 V DC

Revolution = 10 rpm

Impact Factor (JCC): 2.4886 Index Copernicus Value (ICV): 3.0



10 Godbole Vedashri C, Gohilkrinal H, H. N. Kadeval, V. M. Modi, J.R.Samriya, & Ajinkya Deshpande

Working of Solar Charge Controller

A solar charge controller is needed in virtuallysalar power systems that utilize batteries. Tdte ¢f the solar
charge controller is to regulate the power goiranfrthe solar panels to the batteries. Overcharatteries will at the
least significantly reduce battery life and at vwatamage the batteries to the point that they artsable. The most basic
charge controller simply monitors the battery vgétaand opens the circuit, stopping the charginggnithe battery voltage
rises to a certain level. Older charge controllessd a mechanical relay to open or close the tjrsugipping or starting

power going to the batteries.
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Figure 6: Solar Charge Controller Circuit

In Solar charge controller circuit switching traster is used to sense the overvoltage of Batterdyembattery
charged fully, the zener diode which is connectethé base of the Transistor goes in breakdown mebih triggered
base of the transistor result in switching ON thlay circuit, which cut down the direct chargingipaf the battery from
solar panel, so that the battery can be protected the over current and heating. A low resistasasonnected between
the contact of relay allow very low current to paa®ugh battery charging this reduce dischargatg of battery in ideal

mode.

Table 1: Components Used In Solar Charge Controller

Working of Relay Circuit

www.iaset.us

Component Used Model
1. Big preset (1 nos) 47K
2. Resistor (1 nos, green (10,14
3. Resistor (vertical) 220, 2 W
4. Resistor (grey) 15|
5. Zener diode(red) 9V,2W
6. Relay (black) 12V ,10 A
7. Diode (black-big) 6 A
8. Diode (small) IN 4007
9. Red LED(1 nos) 3mm, 5mm
10. Capacitor (1 nos) 100uF, 63V
11. Transistor(1 nos) BC 547
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Figure 7: Circuit Diagram of Relay
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The relay is activated by the output current andnadly-open contact closes. In this case, the tracknotor
rotates clockwise in the azimuth direction and tthes PV panel moves eastward to face the Sun. Meeeifically, the
Sun tracker attempts to adjust the PV panel sumthaththe voltages produced by LDRs are nearlyakgnd balance. As a

result, the PV panel is almost perpendicular tosth@dight and has a high energy generation.
Basic Working Principle of Solar Tracker

Basic power operating of solar tracking deviceeisdf from battery bank which charge through solaep&his is
dc power which is regulated to 12v for having dktgerformance. Even during battery low or fulhddion this power is
feed to comparator within a put off LDR through direy circuit. The output of two differentiator isnplifying by two
power transistor. For running the dc motor on bditlections four diodes are put in the circuit, also maintaining the
steady state voltage in the circuit. This motaraapled with tracker device for keeping the facealr panel at 90 degree
to the sun rays. Comparator input through LDR astailed in two phase of triangle slope. The pdak®slope is pointed

towards the sun.

Working of Solar Tracker
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Figure 8: Circuit Diagram of Solar Tracker

When sunlight falls on both the LDR the comparatompares the potential output which is amplifietbtigh
power transistor and deliver to DC motor. The ecpairce of light on LDR produces the zero voltscomparator output
which doesn't allow the motor to rotate But wheghti intensity is lower on anyone of the LDR thee thutput of
comparator become high and supplies the operatitigge to DC motor to rotate until the voltage ooton becomes
zeros. This how both LDR are maintaining forward agverse voltage parameter on the motor. Powasistors are used
to compensate the load of motor. While all fourddi@are used to damp the ripple and surges volt&gehvis develop by

rotating motor due to back EMF.

Table 2: Components Used in Solar Tracker

Component Used Model No.
1. Diode (no.8) IN 4007
2.1C (no.1) LM 7812
3. Capacitor (no. 2) 100uF, 63V
4. Presetvariable 100K & 10K
5. Transistor (no.4) BD 140 & BD 139
6. Resistor (n0.2) 47 K AND 15 K
7.1C (no.1) LM 329

Impact Factor (JCC): 2.4886 Index Copernicus Value (ICV): 3.0
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RESULTS AND DISCUSSION
Hourly Angle Variations of Solar Tracker

The controller takes two inputs as the referenths.two inputs are:

e Altitude angle

¢ Azimuth angle

Elevation angle change according to seasonallyaamiuth angle change daily. The fuzzy controlld&etatwo
inputs, processes the information and outputs amatltage setting. The controller would controt téolar altitude and
azimuth motors to adjust the direction of the splamel accordingly.

Observation Table

Table 3: With Tracking System

1 0.06 0.78 439 30{2 20)9 .3 . 416
2 9:00 | 13.83 0.20 279 4.4 31]9 226 1476 16 | B
3 | 10:00| 13.66 0.34 464 444 342 23}3 147.9 .1 | 2B
4 | 11:00| 13.75 0.22 3.02 441 398 26{8 147.0 2.4 | 19
5 | 12:00| 14.55 0.21 3.0%5 4.39 447 305 146.3 0.2 |15
6 | 13:00| 15.18 0.22 3.33 496 450 33}2 165.7 3.5 | PO
7 | 14:00| 15.30 0.23 3.51 540 44,7 33/4 182.5 43 |20
8 | 15:00| 1541 0.18 271 5.80 396 33|6 1954 45 | 2D
9 | 16:00| 14.92 0.11 1.64 530 383 332 178.9 49 |20
10 | 17:00| 14.76 0.08 118 510 351 317 172.3 b.14 | 20
11| 18:00| 14.51 0.03 043 492 306 284 163.6 .39 | 20

Table 4: Without Tracking System

1 .60 9 4 7 3. 00 |2
2 9:00 13.40] 0.07] 0.93 5.06 232 223 1687 2.0 00 |2
3 10:00 | 13.65| 0.15 2.04 5.1 24)8 239 1706 3.2 020
4 11:00 | 13.62| 0.28 3.81 524 27]1 256 1748 47 020
5 12:00 | 13.92| 0.34 473 536 313 297 1786 2.4 020
6 13:00 | 14.09] 0.37] 521 54y 36)9 342 182{3 1.3 020
7 14:.00 | 15.06] 0.32] 481 592 414 39.2 197i6 1y 020
8 15:00 | 15.13] 0.200 3.02 542 42)9 421 180{8 2.9 020
9 16:00 | 1481 0.19) 281 522 403 396 173]9 25 020
10 17:00 | 14.63] 0.077 1.02 4.81 358 344 1605 3.1 020
11 18:00 | 1447 0.02 0.28 458 29}4 28.r 15112 3.7 020
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Radiation Measurement for Graph
Solar Power Curve
Radiation (W/rf) = Lux reading
Multiple factor
Example Maximum radiation (lux) readingin without tracksri97.6 and multiple factor is 0.4 for Anand.
So, radiation (W/f) = 197.6/0.4 = 494 W/
1000 W/n? solar radiation = 100 % power efficiency
494 W/nt solar radiation = 494 x 100/ 1000
= 49 % power efficiency
Theoretical solar power
100 % power efficiency = 12 W power
49 % power efficiency = 49 x 12/ 100
= 5.8 W power
Practical solar power:
W=VXI
=15.6 x0.32
=48W

So, 20 % less practical power than theoretical po%e, the power — time relationship curve at 3Q&@perature

and 2 m/s wind speed is generated.
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Figure 9: Power Curve without Tracking System

Impact Factor (JCC): 2.4886 Index Copernicus Value (ICV): 3.0
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Figure: 10 Power Curve with Tracking System
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Figure 11: Prototype Model of Solar Tracker

CONCLUSIONS

Solar tracking PV panel produced more energy tharfiked one with about 49% efficiency.

From experimental results it is observed that aatilon of one hour time period of a day, currerd &oltage is

increase with the increase of the time and temperafThe amount of current and voltage of with keaicis
greater than without tracker.

The voltage is 15.18V of with tracking system addOBV of without tracking system at peak time qf.In. The
current is 0.22A of with tracking system and 0.33fAvithout tracking system.

The proposed prototype model of dual axis solatglaitaic panel tracker is capable to track the uaughout
the year.

Two degrees of freedom orientation is feasible. Gtatroller has been used to control the chargedistharge
of DC battery to retain their long life. As well daal axis tracking is possible due to two tracker available in

horizontal/vertical direction with LDR as senserhi¢h control the position of DC motor to track thenel in real
orientation.

www.iaset.us
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« The controller is designed to rotate the panel fr@® to +90. The presented dual axis solar panel tracking
system keeps the solar photovoltaic panel perpalatito the sun throughout the year and therebyawipg the
efficiency of the solar system. There are 2 axe®ttion for this system which rotates accordimgibur Angle

and Declination.
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