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Abstract— In present days the energy consumption scenario
is clearly showing the faster depletion of fossil fuel reserves.
On the other hand, the energy usage index indicates the state
of growth of a country. The use of renewable energy sources
like solar PV has increased in recent years. It faces lots of
challenges such as high cost, erratic and unpredictable in
nature, needs for storage and low efficiency. The solar PV
modules are generally employed in dusty environments
which is a case like India. The dust gets accumulated on the
front surface of the module and blocks the incident light
from the sun. It reduces the power generation capacity of the
module. The power output reduces as much as by 50%. The
solar photovoltaic panel cleaning technology can
considerably increase the efficiency of electricity generated
and also increase the durability of Solar panels. Power
output is reduced if the module is not cleaned for a month.
In order to regularly clean the dust, an automatic cleaning
system that removes the dust on the solar panel is to be
developed. To overcome this, a solar panel cleaning robot is
used to clean the PV modules.
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I. INTRODUCTION

A solar panel is photovoltaic; it absorbs sunlight as the
source of energy to generate direct current electricity
through the photovoltaic effects. The structure member of
the photovoltaic module can be either in the top layer or in
the back layers. Cells must be protected from mechanical
damages and moisture. The cells are connected electrically
in serious, one to another to the desired voltage and then
parallel to increase the amperage. The wattage of the
module is the mathematical products of the voltage and the
amperage of the module.

As the accumulation of dust on the solar panel
reduces its transmittance which results in the reduction of
power output, also resulting from the loss of power
generation this particular problem also responsible for the
short life of span, the power output from their solar panel
reduces over time because of the accumulation of dust.
Further this problem results in huge losses for the solar
power plant operators which suffer from reduced power
output because of the dust.

To increase the efficiency of the PV cell the dust
cleaning robot has to be developed which can be used on the
large solar generation plants. The robot can clean the entire
solar PV cells by using a continuous power source and a
water source. By regular cleaning of PV cells will increase
the efficiency and life span of the PV cell.
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Fig. 1.1: Pie Charts of Total PV Cumulative Installed in
world.

Il. LITERATURE SURVEY

This chapter gives the information about the literature
survey taken from different websites, industrial manuals,
and IEEE papers related to design of solar panel cleaning
system.

A. Historical Reviews

The most widely used cleaning methods of the solar panel
are,

Manual cleaning is methods of cleaning by
manually or human operator with the help of wiper or with
suitable support structures shows in the fig.2.1. The quality
of cleaned surface measured by visual method by the
operator himself, till the dust particle gets wiped out
completely. The process found to be very long process and
challenging process, because solar panel consists of number
of panel’s inserted at a height of 12 to 20feets for more from
the ground. The time required and safety of the person and
the panel is threat. To clean the panel manually the flied like
cleaners or gels has to be used which act upon the panel and
reduces the surface transference and also its cleaning is not
proper and quite change o_f_prly_si_cal damage.
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Fig. 2.1: Manual cleaning
Vacuum suction cleaning is a device that uses an
air pump to create a partial vacuum to suck up dust and dirt,
usually form the floors, window panes etc. In general, the
electrical supply is given to the vacuum motor which creates
the suction pressure. The input power is converted into
airflow at the end and is measured in watts. The vacuum
cleaner can clean the panel properly only on the surface
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other then the corners and this as to handle manually shows
in the fig.2.2.

20y

Fig. 2.2: Vacuum suction cleaning

Automatic Wiper Based Cleaning is uses a rubber
wiper and water pot for the spray of water with additives
and cleaning. The processes are exactly like vehicle glass
cleaning and require a automatic mechanism to operate and
complete the task. Mechanism is battery operated as shown
in fig.2.3. This method is similar to earlier one and operated
automatically by suitable control mechanism but impact is
similar to those earlier ones.

Fig. 2.3: Automatic Wiper Based Cleaning

B. Work Carried Out In Fixture Design

Gaofa He et al, [1] have reviewed self-cleaning technology
for a solar array, can promote the efficiency of electricity
produced, and protect the photovoltaic cell. They have
reviewed methods of dust removal, like a natural means,
mechanical means, self-cleaning nano-film, and electrostatic
means. This paper helps the reader to realize knowledge
about the self-cleaning methods for solar panels or optical
devices. A conclusion the above-mentioned methods; the
simplest strategy of removal for photovoltaic cell array is a
curtain.

Anish Saini et al, [2] have developed a solar panel
cleaning system; so as to clean the dust regularly, an
automatic cleaning system is developed and also cleans the
module automatically by using the 8051 microcontrollers
which control the dc gear motor. This paper presented the
robotized system for cleaning photovoltaic panel arrays at a
large scale park. The PV cleaner consists of two motorized
trolleys and a cleaning head, driven by the belt and pulley
system. The cleaning head is meant to clean while travelling
both upward and downward.

Babu K et al, [3] have developed a solar panel
cleaning robot, so as to regularly clean the dust. A robot
cleaning device is developed and it travels the whole length
of the panel. A PIC microcontroller is used to implement the
robot control system. A conclusion the above-mentioned
method; the facility reduction was observed due to dust
accumulation on the panel and may be improved by
employing a robotic cleaning method. It is increased power
generation capacity. Easy maintenance, low cost, less power
usage is that the few advantages. Frequently and periodical
cleaning ensures that the solar panel works consistently with
good transmittances at all time.

Abhishek Naik et al, [4] have developed an
automatic solar panel cleaning system. The solar PV module
is usually employed during a dusty environment in order
that the dust gets accumulated on the front surface of the
module and blocks the incident light. It reduces the facility
generation the capacity of the module. The automatic
cleaning system has been designed which senses the dust,
and also cleans the module automatically. They are mainly
that specialize in the smaller arrays; the system is often
installed for rooftop solar panels. In terms of daily energy
generation, the presented automatic-cleaning scheme
provides about 30% more energy output in comparison to
the dust accumulated on the PV module.

Dabhi chirag et al, [5] have designed and develop
the automatic solar panel cleaning machine. They have
studied the effect of the presence of dust and bird dropping.
The dust features a major impact on the efficiency and
performance of the solar panel. The reduction of peak power
generation is often up to 10 to 30% by observation. In order
that they are designed automatic solar panel cleaning
machines by employing a trolley. It is motorized with dc
motor, to supply lateral motion to the system. On the highest
layer of the trolley, a water sprayer is employed to clean the
tiny particle; also attached roller brush is to rotate through
the shaft. Finally, the result showed that a reduction in peak
power generation. The machine software are often
developed to smatters, like that when it clean any solar panel
surface, it saves the information about size, its location, and
its edges.

I11. OBJECTIVES AND METHODOLOGY

A. Objective of the Project

—  There are the objectives for the project:

— To clean the solar array effectively by spraying water
and mechanical system.

— To make the system automated also as manual
controlling by use of an Arduino and application and
eliminate manual work.

— To avoid dust associated problems on solar panels.

— To gain more energy output from the panel.

—  The system to be light in weight for mobility.
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B. Methodology
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Literature survey.

Historical Review
Work Carried Out In Fixture Design
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The first frame is fixed.

The second frame is movable frame made of
aluminium moving horizontally.

The third frame is a brush fixed to the system
moving vertically.

The above frames are controlled by Arduino
programming.

Arduino is micro-controller device in which the
program is been dumped into it, and through the
help of this micro-controller the aluminium frame
moves.

IV. DESIGNING OF PROTOTYPE MODEL IN SOLIDWORK
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Fig. 4.6: Bottom View of the Model
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Fig. 4.7: Side View of the Model

A. Design of Motor

Power of the motor = 100watt, 12v
RPM of the motor = 60RPM
Diameter of the shaft = 6mm

Calculation power transmitted by the shaft;

2XTXNXT .
==, <motor efficiency (1)

2XTX60XT

100 = ” x60%
T =15.92x60% N-m

T =15913.4x60% N-mm
T =9548 N

V. SOFTWARE PROGRAM

void setup() {

Serial.begin (9600);
pinMode(2, OUTPUT);
pinMode(3, OUTPUT);
pinMode(4, OUTPUT);
pinMode(5, OUTPUT);
pinMode(6, OUTPUT);
pinMode(7, OUTPUT);
pinMode(8, OUTPUT);
pinMode(9, OUTPUT);
pinMode(10, OUTPUT);
pinMode(11, OUTPUT);
pinMode(AO, INPUT);
pinMode(Al, INPUT);

}
void loop() {
int sense=analogRead(A0);
int sensel=analogRead(Al);
if(Serial.available()>0)
{
char incoming_value=Serial.read();
Serial.print(incoming_value);
delay(100);
if(incoming_value=="W")

digitalWrite(2, HIGH);
digitalWrite(3, LOW);
digitalWrite(4, HIGH);
digitalWrite(5, LOW);
}
if(incoming_value=='S’)

{
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digitalWrite(2, LOW);
digitalWrite(3, HIGH);
digitalWrite(4, LOW);
digitalWrite(5, HIGH);
digitalWrite(6, LOW);
digitalWrite(7, HIGH);
digitalWrite(8, LOW);
digitalWrite(9, HIGH);
}

if(incoming_value=="A")

digitalWrite(2, HIGH);
digitalWrite(3, LOW);
digitalWrite(4, HIGH);
digitalWrite(5, LOW);
digitalWrite(6, LOW);
digitalWrite(7, HIGH);
digitalWrite(8, LOW);
digitalWrite(9, HIGH);
}

if(incoming_value=='D")

digitalWrite(2, LOW);
digitalWrite(3, HIGH);
digitalWrite(4, LOW);
digitalWrite(5, HIGH);
digitalWrite(6, HIGH);
digitalWrite(7, LOW);
digitalWrite(8, HIGH);
digitalWrite(9, LOW);
}

if(incoming_value=="")

{
digitalWrite(2, LOW);
digitalWrite(3, LOW);
digitalWrite(4, LOW);
digitalWrite(5, LOW);
digitalWrite(6, LOW);
digitalWrite(7, LOW);
digitalWrite(8, LOW);
digitalWrite(9, LOW);
}
if(incoming_value=="1")
{
digitalWrite(10, HIGH);
}

if(incoming_value=="2")

digitalWrite(10, LOW);
}

if(incoming_value=="3")

{
digitalWrite(11, HIGH);
¥

if(incoming_value=='4")

{
digitalWrite(11, LOW);
¥

if(incoming_value=="auto")

{
digitalWrite(2, HIGH);

digitalWrite(3, LOW);
digitalWrite(4, HIGH);
digitalwWrite(5, LOW);
digitalWrite(6, HIGH);
digitalWrite(7, LOW);
digitalWrite(8, HIGH);
digitalWrite(9, LOW);
digitalWrite(10, HIGH);
digitalWrite(11, HIGH);

}

if(A1<100 && A0>1000)

{
digitalWrite(2, LOW);
digitalWrite(3, HIGH);
digitalWrite(4, LOW);
digitalWrite(5, HIGH);
digitalWrite(6, LOW);
digitalWrite(7, HIGH);
digitalWrite(8, LOW);
digitalWrite(9, HIGH);
digitalWrite(10, LOW);
digitalWrite(11, LOW);

¥

if(A1>1000 && A0<100)

{
digitalWrite(2, LOW);
digitalWrite(3, LOW);
digitalwWrite(4, LOW);
digitalWrite(5, LOW);
digitalWrite(6, LOW);
digitalWrite(7, LOW);
digitalWrite(8, LOW);
digitalWrite(9, LOW);

}

VI. WORKING OF THE PROTOTYPE MODEL

Initially, we need to create a channel in the solar panel then
the robot is placed in the solar panel channel, the cleaning
unit moves forward and backward direction. Water sprayer,
air-compressor, cylindrical-brush, and cleaning-wiper are
mounted on the cleaning unit (robot) with a suitable
arrangement. The air-blower is used to blow the air by using
a microcontroller. The water sprayer sprays the water using
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the nozzle tip with high pressure. Then the cylinder brush
will be activated, the cylinder brush is rotated in the
clockwise direction. After that wiper is activated it pushes
the dust along with the dirty water to the end of the panel.
The cleaning unit with all the arranged systems will be
moved along the solar panel towards the bottom of the
panel. Along the entire path, it forces the dust to move in the
direction of the motion of the robot, and finally dust is
dropped to the corner. Once the cleaning unit reaches to the
lower end of it, it again returns back. Once it reaches the top
of the panel, the cleaning unit will stop working. Then the
locomotion unit comes into the action. Then the wheel
moves in a direction parallel to the edge of the solar panel
unit until it reaches some dimension according to the
program. Then all processes will be continues until the
completion of the solar plant.
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