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Abstract—The global shift towards sustainable energy sources has led to an increased reliance on solar and wind power,
harnessing the Sun's inexhaustible energy for electricity generation. Photovoltaic solar cells, utilizing the photovoltaic effect,
have emerged as a pivotal technology in this transition, converting sunlight into clean and limitless electricity. The work
explores the significance of solar energy, its environmental benefits, and the growing competitiveness of renewable energy
sources compared to conventional methods. The second section delves into a novel project focusing on the design,
fabrication, and automation of a solar panel cleaner. Recognizing the detrimental impact of dust accumulation on solar
panels, the project employs a limit switch for an automatic cleaning mechanism. The system initiates with an initialization
phase, positioning at the top of the solar panel. As it moves along a track filled with water, wiper blades, driven by motors,
activate to physically remove dust and debris. This innovative approach aims to enhance solar panel efficiency by reducing
maintenance costs associated with manual cleaning and contributes to a more sustainable energy production process. In
summary, the project addresses the critical issue of dust accumulation on solar panels, providing an automated solution that
not only maximizes energy efficiency but also minimizes environmental impact.
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I. INTRODUCTION

Solar energy is one of the most often used energy sources. Renewable energy sources like solar and wind power are the
primary energy sources utilized in this context. This type of energy, which may be used to generate heat or electricity,
is produced by the warmth and light of the Sun. Since solar energy comes from the Sun, it can be both renewable and
nonrenewable. Panels and mirrors are used to collect solar energy. In order to directly convert sunlight into electricity,
photovoltaic solar cells make use of the phenomenon known as the photovoltaic effect, which occurs when certain
materials can absorb photons, or light particles, and release electrons to produce an electric current. Using solar energy
is more convenient because it is a clean, limitless, and free energy source, among its many other benefits. It produces
light, which photovoltaic solar panels use to turn into power. Photovoltaic panels are collections of solar or
photovoltaic cells that generate electricity from light. There are no airborne poisons or pollutants released by solar
energy, which can be harmful to humans and the environment. Toxic chemicals have the ability to destroy structures in
addition to acidifying marine and terrestrial environments. Airborne pollutants can cause health issues such as cancer,
heart disease, and asthma. It is vital that solar energy doesn't pollute water or create waste because of the scarcity of
water. Hydrological resource preservation depends on wind energy since it has one of the lowest reliance on alternative
energy sources. Nowadays, renewable energy sources especially solar and wind energy are more affordable than
conventional ones in many regions of the world. In a growing number of places, the main renewable energy sources
solar photovoltaic and wind are becoming fully competitive with conventional sources due to their dramatically
declining costs. Because of economies of scale and innovation, renewable energy sources are already the most
environmentally and economically sustainable option to power the earth. Solar energy, on the other hand, is infinite
because the Sun has 6.5 billion years left in its life, according to NASA. In fact, in certain countries, solar
technology has developed quickly enough to rival more established ways of producing electricity. In a matter of
decades, it will be integral to a worldwide sustainable energy system. Since the Sun gives the Earth 4,096 times
more energy than humans could ever require each hour enough heat and light to meet all of the planet's needs for
a year the setting for the growth of solar energy is also perfect. The earth is significantly impacted by solar panels.
It can improve our environment without utilizing additional environmentally harmful power plants. The past five
to six years have seen a rise in the use of solar panels, which increases the significance of maintaining clean solar
PV panels. The expense involved in installing and using solar panels is one of the main problems that individuals
encounter. However, by improving each solar panel's efficiency and so lowering the number of solar panel arrays
that must be erected, the cost can be significantly lowered. For the purpose of producing the necessary electricity,
using less solar panels will not only be more economical but also good for the environment. The amount of light
that strikes the solar panel directly and the amount of that light that can be used to create power are the two key
factors that need to be taken into account in order to increase the efficiency of the solar panels. The dust that
accumulates on solar panels is a problem while using them. Dust is a naturally occurring phenomenon that is
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brought on by a variety of environmental elements, such as wind, rain, and air pollution. The efficiency of solar
PV modules is reduced when dust accumulates on their surface. From now on, it is necessary to regularly clean
the planner. The efficiency of solar panels is significantly decreased by dust accumulation on their cells. To
guarantee that, a device will be programmed to regularly clean them. The automatic solar panel cleaning
mechanism is used to get rid of dust and dot particles that have accumulated on the panel in order to increase its
efficacy. If the right fabrication and controls are used, this project can be completed. The parts used in this project
are Limit Switch and LM Guideway.

1. REVIEW OF LITERATURE

Naffa ‘a Ahmad Mamoun, [1] have presented the technique for employing an atmospheric water generator to
automatically clean solar panels. Using an atmospheric water generator, water is produced and then stored for use in the
cleaning process. When the efficiency of the solar panel electricity generation falls below a certain threshold, indicating
dirty panels, the system can automatically start a cleaning process. The system may automatically start the atmospheric
water generator to replenish the consumed water once the stored water is circulated through pipes and nozzles to clean
the solar panels. The system is autonomous and self-sufficient since it uses some of the energy produced by the solar
panels to generate water and carry out cleaning tasks affecting engine performance. Real world data shows side stand
damage is common, so a system to prevent it is very useful.

N Shibane, et.al.[2] have presented the creation of an automated system for cleaning dust from photovoltaic solar
panels. When compared to other renewable energy sources, solar energy is thought to be a sustainable and promising
energy source. Solar panel systems' performance can be greatly impacted by dust, grime, and bird droppings. Five
subsystems make up the system described in the paper: the power system, microcontroller, cleaning mechanism, dust
detecting, and water pumping. Experiments on the system show how quickly it responds to signals and how well it
cleans the solar panel when dust particles are found. By automatically identifying and eliminating dust particles from
the solar panel, the technology seeks to maintain the solar system's ongoing efficiency at an ideal level.

Nasib Khadka, et.al.[3] they have made prototype consists of a cloud interface and a cleaning robot. With its
independently powered cleaning rotatory brush, the cleaning robot can move around and thoroughly clean the
solar array in contrast, the cloud interface is a human-machine interface that allows for remote monitoring and
operation of the robot. Regression analysis was used to process data from a completely clean and dusty panel for a
month in order to include an automatic cleaning feature. The resulting regression model was then put into the
sensing unit. The regression model was introduced to the sensing unit in order to anticipate when cleaning should
be done. The system study

conducted on a demonstration PV module revealed that the intended system is capable of cleaning dry dust.

Eiche J F, et.al.[4] have presented in order to improve the effectiveness and performance of solar panels, our
research devised an autonomous cleaning system. The solution that was created makes use of an Arduino
microcontroller, a lead screw mechanism in addition to an automated cleaning arm. When the solar panels need to
be cleaned, the system is made to automatically operate the cleaning system wirelessly through an embedded Wi-
Fi module on the Arduino board. This triggers the cleaning arm to remove the accumulated dirt. The autonomouus
cleaning system's design, development, and deployment are all part of this research project.

Athira sivan, et.al.[5] advocated LDR in the system to determine the current state of the atmosphere, whether it is
day or night. The LDR output is set here for daytime conditions, when there is a lot of light. The wiper doesn't
move at this point. There may be dust present when the LDR output is higher than the solar panel output. At this
point, the solar panel will be cleaned by the stationary wiper. The wiper will move in a triangular motion. A DC
motor is used to control the wiper operation. For this DC motor to operate properly, a battery is required. After
cleaning the solar panel three times, if the voltage does not rise over a certain point, an LCD screen notice titled
"Contact Technician" will appear.

Shaharin A. Slaiman, [6] this study examined the impacts of dust collection before evaluating the efficiency of
solar photovoltaic panels. Dust particles were used in experiments on solar panels that were powered by a
constant light source to determine the efficiency and amount of electrical power produced. In an indoor
laboratory, the effects of artificial dust were investigated under continuous lighting. The performance of solar PV
panels is impacted by dust.
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Satish patil and Mallaradhya, [7] the purpose of this study is to present a novel idea to address the fast rising
global energy demand for a variety of applications. Renewable energy comes from endless sources such as solar,
wind, and geothermal energy. Natural solar energy is plentiful and proven useful for a wide range of purposes,
including industrial, agricultural, water heating, household appliances, and public lighting. Using solar panels is
one method of utilizing solar energy. The efficiency of solar energy is limited for all applications because of
several conditions such as temperature, humidity, and dust.

Kutaiba Sabha and Sabah nimma faraj, [8] studied about deposition of dust on the solar panels under investigation
over an extended length of time—roughly a year. Experiments with dusty weather conditions have been
conducted in several nations. These nations are the UAE, Egypt, and Iraq. To keep the transmittance of the solar
planes roughly constant and to lower the cost of routine cleaning, a well-designed auto cleaning mechanism will
be attached to the solar panels.

S.B.Halbhavi, et.al[9] examined automated cleaning tool that detects the dirt on the solar panel. The module's
performance may be lowered by 50% if the panel isn't completely cleaned. The automated device and the tool's
motor are implemented using the 8051 microcontroller. The system includes movable brushes for cleaning the PV
modules in addition to a sensor. Under various settings, the examination of the dust can be conducted with the
deposition of distinct contaminants such as ash, sand, silica, calcium carbonate, and red soil. Effects are then
obtained for an efficient device presentation while keeping the PV model cool and tidy.

Md. Rawshan Habib and Md. Shahnewaz Tanvir, [10] carried out a work on dust removal system for solar panels
is devised and constructed using an Arduino based system. The suggested solar panel cleaner is automated, cost-
effective, and waterless. This method uses a two-step mechanism that

comprises of an exhaust fan that removes dust from the panel surface and an air blower. The wiper is powered by
a DC motor. The method is useful in desert regions and prevents water waste because it uses no water to clean the
solar panels. The suggested cleaning system can function with an efficiency of 87-96% for various types of sand,
according to experimental data.

Mudang Nado, [11] studied about LDR (light dependent resistor) sensor is used by the panel to identify the obstacle.
The Microcontroller unit decides whether to keep charging the battery or clean the panel using a wiper and water spray.
Our system is distinct, independent, and simple to use in order to counteract the declining efficiency of the solar panel.
To ensure that a solar panel operates at its peak power generation level in any environment, we therefore suggest a
solar panel cleaning solution.

Dr. K. S. Dhanalakshmi, et.al.[12] highlighted on manufactures a robot that we can control with our smartphones
using a remote control. Bluetooth technology allows mobile phones to be interfaced with this Arduino-based
autonomous robot. It will need less time and labour and be more compactable. When it comes to large-scale solar
panel systems, it is quite efficient.

Nasib Khadka, [13] examined cleaning robot and a cloud interface. The cleaning robot uses a separately driven
rotatory brush to clean the entire solar array back and forth. The cloud interface is a human-machine interface that
allows for remote monitoring and control of the robot. In addition, a sensing unit made of sensors was added to
this system in order to notify the performance of a solar farm that was located far away.

K.A. Moharram and M.S. Abd elhady, [14 conducted an experiment on how non-pressurized water system was
used to examine the effects of cleaning the PV panels with both water and a surfactant. The German University in
Cairo (GUC), in Egypt, has a 14-kW photovoltaic power plant, of which the PV panels under consideration are a
component. After 45 days of cleaning using non-pressurized water, it was discovered that the PV panels'
efficiency had dropped by 50%; however, when a solution of cationic and anionic surfactants was employed, the
efficiency stayed the same. The amount of water and energy required to spray the water are reduced when
cleaning the PV panels with the proposed water system and a surfactant mixture.

Sara Asaad and Haieh delava, [15] analyzed dust cleaning techniques for solar PV panels while putting a focus on
dust separation from a sustainable standpoint. There are several cleaning techniques, such as manual, active, and
passive cleaning. This report highlights the evolution of existing cleaning procedures through considerable
investigation. Numerous studies on different methods of cleaning solar photovoltaic panels have been conducted.
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I11. OBJECTIVE

. To design of solar panel cleaning machine.

. To fabrication of a solar panel cleaning machine.
. To automate of a solar panel cleaning machine.

IV. METHODOLOGY

Building a solar panel cleaning machine involves a systematic approach that integrates various components and
mechanisms to ensure efficient and reliable operation. Let's delve into a detailed methodology for constructing
and implementing such a machine, utilizing the provided data.

1. Design and Assembly:

Begin by designing the solar panel cleaning machine layout, considering factors such as the size and arrangement
of the solar panels, as well as the terrain and environmental conditions. Assemble the LM guideway according to
these specifications, ensuring proper alignment and stability.

2. Component Installation:

Install the DC motor mechanism along the LM guideway, positioning it to facilitate smooth movement of the
cleaning part. Attach the wiper mechanism to the cleaning part, ensuring it is properly aligned to make effective
contact with the solar panels. Install the water pump near the underground tank and connect it to the sprinkler
system with appropriate piping.

3. Electrical Setup:

Connect the DC motor, water pump, and limit switches to a central control unit. Use suitable wiring and
connectors to ensure reliable electrical connections. Implement a control logic algorithm to coordinate the
operation of these components, programming the control unit to activate them in sequence for optimal cleaning.

4. Limit Switch Integration:

Install limit switches at the starting and end points of the LM guideway to detect the movement of the cleaning
part. Calibrate the limit switches to accurately trigger the system's activation and deactivation, ensuring precise
control over the cleaning process.

5. Control Logic Implementation:

Develop a control logic algorithm to govern the machine's operation. Program the control unit to initiate the DC
motor, water pump, and wiper mechanism upon system activation. Implement logic to ensure that the cleaning
part navigates along the LM guideway, while the wiper cleans the solar panels and water is distributed via the
sprinkler system. Include logic to deactivate the system when the cleaning part reaches the end point and triggers
the limit switch.

6. Testing and Optimization:

Conduct thorough testing of the entire system to identify any issues or inefficiencies. Calibrate the movement of
the cleaning part along the LM guideway to ensure smooth and accurate operation. Fine-tune the wiper
mechanism and sprinkler system as needed to optimize cleaning effectiveness and water distribution.

7. Documentation and Training:

Document the design, construction, and operation of the solar panel cleaning machine comprehensively. Develop
a user manual to guide operators on how to safely and effectively use the machine, including instructions for
maintenance and troubleshooting.

By following this methodology, you'll be able to successfully build and operate a solar panel cleaning machine
that efficiently maintains the performance of your solar panel array. This systematic approach ensures that each
component functions harmoniously, resulting in optimal cleaning performance and longevity of your solar panels.
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V. DESIGN SIMULATION

1. Stress simulation on frame
-
~
2. Displacement simulation on frame
-
q
3. Stress simulation on guide way
4, Displacement simulation on guide way

b §
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5. Stress simulation on object

6. Displacement simulation on object

V1. CONCLUSIONS

This project involves the design and construction of an automated solar panel cleaning system. The technology
will assist in maintaining the efficiency of PV cells by removing dust and other deposits from the panel surface
that may prevent sunlight from reaching the semiconductor material inside the PV panel. The system's control
mechanism is designed to act on a periodic basis and runs automatically under all conditions. The system is easy
to use and can be installed in homes or businesses using any kind of PV array.

After a strength analysis of the cleaning system, it was found that all of its parts including the frame,
wheels, and related link were secure and stable. Following performance testing, the system generated an
output that was effective. In conclusion, this design offers a workable solution to raise the efficiency of
PV modules in areas where dusty conditions and rising pollution levels from industry, smoke, and new
construction are prevalent.
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