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ABSTRACT

Photovoltaic panel production has increased globally in response to the growing demand for solar energy. This has
been the result of an increased awareness of the damage to the environment that using fossil fuel sources has had
over the years. The rate of solar panel usage in New Zealand has increased 370% since 2011. There are many factors
that affect PV power efficiency, such as shadow, snow, high temperatures, pollen, bird droppings, sea salt, dust and
dirt. The main factor that affects a PV panel’s efficiency is dust, which can reduce its efficiency by up to 50%,
depending on the environment. As the Thames Energy Group eager to explore the possibility of using a more
sustainable power source. The possibility of installing many PV panels into the area brought about the need to
consider how to increase long term efficiency by the regular removal of debris from the PV panels. In particular,
dust which is made up of pollen, sea salt and dirt particles.
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INTRODUCTION

This paper investigated the possibility of using the cleaning robots (usually used for house cleaning) to
remove dust, sea salt and pollen from the surfaces of PV panels. The limitation of this project was that the
new software was tested in simulated conditions but has not been used in actual environmental conditions
in the Thames Township. Over time, solar panels will get covered with pollen, dust, grime, dirt, and even
bird droppings. Generally, 10-15% decrease in solar output when solar panels are dirty. Most of solar
panels lifetime is rated for a 30-year and more. For stable power generation need to clean solar panels at
least two times a year, when the rainy season has passed even in desert. A few methods can be used to
cleaning heavily contaminated items (repaired car parts, watch mechanisms, clothing cleaning without
washer etc.).

Basically, cleaning effect appears in a small volume of liquid which was affected by ultrasonic
cavitation. To create cavitation a reasonable amount of energy is needed. Sometimes is not necessary to
create cavitation in volume. For flat surface cleaning it is enough to create cavitation in a thin layer of
liquid placed on surface. A lot of scientific articles described cavitation in liquid volume. However,
difficult to find any articles about create cavitation in thin liquid layer. Authors presented before this
conception and make some experiments in this field. The purpose of the modeling work presented here is
to research and to better understand the physics governing the ultrasonic cleaning system using
cavitationeffect in fluid, as well as to advance and to support the future research.
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PROPOSED WORK

Solar power generation can be influenced by many factors. The major factors that reduce or
impede the generation of power for the PV panels are; shadows, snow, high temperatures, dust, dirt, bird
droppings, pollen and sea salt. The environmental factors affecting solar energy generation will be
discussed below used to work in context with similar objective for blind personals. To overcome and
improve the energy production by using a cleaning robot.

ARDUINO

Referenced from the perspective of the microcontroller (electrical board), if you give the input
signal the output will depend on your programming code functionality. All of the electrical signals that
the Arduino works with are either analog or Digital. It is extremely importantto understand the difference
between these two types of signal and how to manipulate the information these signals represent.

1. Digital Signal
An electronic signal transmitted as binary code that can be either the presence or absence
of current, high and low voltages or short pulses at a particular frequency.
2. Analog Signal
This continuous stream is what defines analog data.A continuous stream of information
with values between and including 0% and 100%.
TRANSFORMER

Electrical energy is converted into magnetic field and then converted back into electrical energy
in a second winding. It is static device convert electricity without changing the frequency.The input
winding to a transformer is called the primary winding. The output winding is called the secondary
winding. If there are more turns of wire on the primarythan on the secondary, the output voltage will be
lower than the input voltage transformer shown in figure 1.

Figure.l.Transformer

ULTRASONIC SENSOR

The ultrasonic sensor consists transmitter and receiver. It will use to detect the obstacle Far the
way.The principle by which ultrasonic sensors yield measurementsis that of evaluating the time taken for
the sound to travel betweentransmission and reception (direct detection), or a processof checking whether
the transmitted signal has beenreceived (detection by beam interruption).
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Figure.2. Ultrasonic Sensor
GEARED DC MOTOR

If voltage in continuous applied to a motor in a locked rotorcondition, the motor will heat up and
fail in a relatively shorttime.Therefore, it is important that there is some form of protectionagainst high
temperature rises.A motor's basic rating point is slightly lower than its maximumefficiency point.Load
torque can be determined by measuring the currentdrawn when the motor is attached to a machine whose
actual load value is known.

Figure.3.Geared DC Motor

Power Supply
The Power Supply unit consists of a battery charger and a 12V lead acid battery. It converts and
supplies power to the entire circuit.

Photovoltaic Panel

The PV Panel consists of six solar cells connected in series to provide a 30Vpeakpower and
0.5Apeakpower to charge the Battery. The cells also provide signals to the DMU. The PV cells were
chosen to provide the series combination of voltage and current at peak power. Additionally, the PV Panel
provides 6 differential voltages from the PV Cells. The differential voltages provide both the signals and
source of power to the DMU. A glass and metal frame were manufactured by ECE Machine Shop to
protect the PV Cells from the cleaning operation. The spray and wiper mechanism perform the cleaning
operation on the PV Panel.

Differential Measurement Unit (DMU)

The DMU takes in 6 differential PV cell voltages to convert them to 6 ground referenced PV cell
voltages for measurement by the microcontroller. Additionally, the PV panel is the power source for the
circuit. The DMU also passes the full panel voltage to the Battery Charger.

Cleaning Mechanism

The Cleaning Mechanism consists of 6 sprayers, a wiper, and a nominal 7.2V DC motor. These

are the physical components that clean the panel.
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Battery
The battery chosen is the UB1270. The UB1270 lead acid battery connected to the output of the
converter is to be charged with output of 14.7V+2% from the converter. When the battery is not being
charged, it is to output 12.38V+7% [5].

RESULT AND DISCUSSION

This section describes the methodology used to modify the cleaning robot to clean the PV panels’
surfaces. In the first section components of the cleaning robot have been identified. This analysis was
needed to enable the mechanical improvement and the software improvement. In the mechanical analysis
section, the robot was tested at different angles to find the most stable movement for the new software,
also to address the issues needed to be improved by the mechanical team. In the software section new
software was developed and tested to enable the robot to work on the surfaces of PV panels.

Different components of the cleaner robot were analyzed in order to understand the process of
cleaning, based on the current software. This analysis was to understand the mechanism of operation of
the robot to design new software that enables the robot to work effectively on the surface of PV panels.
The cleaner robot is shown in the diameter of the robot is 320mm and the height is 87mm with weight of
3.2kg. This robot has several components including, a cleaning brush which is spun by a DC motor and a
small side brush. Two servo DC motors drive the robot, while a small vacuum motor drives the cleaning
process. The robot has 10 sensors, of which four are underneath to detect ledges; another four are located
along the front of the bumper, and two object sensors are located on the sides of the bumper.

The cleaner robot was moving semi randomly, and that caused higher power consumption. The
existing software is locked by the manufacturer so that new software needed to be developed. The new
software is programmed to follow a path on the surface of PV panel, to minimize the cleaning time and
power consumed. When the robot detects the end of the panel it will return to the starting point. It will be
either on the top right side of the panel or on the bottom right side when it is finished. The robot will then
stops and wait to restart to do the next run of cleaning. The circuit wiring diagram of the prototype is
shown in Figure 4.

Figure.4. Hardware Module
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CONCLUSION

This paper highlights the effect of dust, dirt, pollen, sea salt, and bird droppings on the PV
system’s efficiency. However, the development of the cleaner robot can help solve those problems. This
development is divided into two parts; mechanical (stability and cleaning mechanism) and the software
development. The software development for the cleaner robot has been done in this project. The cleaning
time has been reduced from eight to two minutes by setting a path for the robot on the surface of the PV
panels, instead of using the semi random movement method. From this project learned about the field of
robotics and designing programs using Arduino software. Also learned how to lead and manage a project
in the future. The fully assembled system was able to detect a shaded cell from debris. Furthermore, it
initiated the wiper motion down and up the panel to clear the debris. Also, the system maintained the
battery charged when there was no cleaning and sufficient power was available.
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