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ABSTRACT

In recent times, the entire world has been in consistent search of cleaner and safer ways of
generating and producing energy. Due to continuous industrialization in different parts of
the world, there has been a huge deterioration in the natural state of the environment. This
is reflective in different areas and the most prominent has to be Climate change. This paper
therefore focuses on the exploitation of the abundant solar energy to gotten from the sun to
drive a lawn mower. The designed solar powered lawn mower comprises of electric motor,
a charge controller, battery (12V, 40ah), Solar Panel (100W), rotational blade and a control
switch. The entire operation frame work is achieved using the electric motor which is able
to provide the necessary torque needed for the rotation of the blade which is mounted to
the shaft of the motor. The solar powered lawn mower is operated by a switch on the board
which closes the circuit and allows current flow to the motor and ultimately, causing the
actuation of the blade. The battery took about Shours to charge and 50 minutes of
operation time before completely discharging. However, under a very sunny condition
battery charges and operates simultaneously, taking a longer time to discharge. Finally, the
performance evaluation of the battery was carried out with the machine and it was found

to have a theoretical efficiency of 85%
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CHAPTER ONE

INTRODUCTION

1.1 Background to the Study

The use of solar power as an alternative source of energy has been in existence long before now
but has not had diverse application methods due to other frequently used sources of energy. Solar
energy involves the process of harnessing radiant light and heat from the sun using a range of
ever evolving technologies such as solar thermal energy and photovoltaics. These technologies
are broadly characterized as either passive solar or active solar depending on how the energy is
converted to solar power. The effectiveness of these technologies have made solar energy a very
important source of renewable energy and thereby giving room for new developments in its wide
range application processes. In the world today, world’s power consumption is taking a shift
from the use of common sources of energy such as fossil fuel and wood fuels to solar energy.
The change in energy consumption trend was due to the awareness of fossil fuel pollution and its
contribution to global warming, and also the fact that fuel energy is non-renewable and
unsustainable.

In Nigeria today, like most other developing countries, fossil fuel has been a basic source of non-
renewable energy. Pending the fact that we import fuel there is always a tendency of a hike in the
cost of fuel as a result of the country economical instability.

Lawn maintenance is the art and vocation of keeping a lawn healthy, clean, safe and attractive,
typically in a garden, park, institutional setting or estate. Man is constantly trying to adapt to his

environment by creating a habitat suitable for his survival.



Figure 1.1: Concept of the first lawn mower (Ramdingeswara, 2015)

The first lawn mower was invented by Edwin Budding in 1830 in Thrupp, Glouchestershire,
England. His mower was designed primarily to cut the grass on sports grounds and extensive
gardens as superior to scythe.

The scythe was the first device ever used to cut grass to a desirable height. It has a simple design,
containing a long wooden handle with a curved blade attached perpendicularly to the end. Until
the 19th century, the scythe was the only option for cutting grass, which proved to be a long
tedious process. Budding’s idea of a lawn mower came after watching a machine in a local cloth
mill which used a cutting cylinder mounted on a bench to trim clothes for a smooth finish after
weaving (Ramalingeswara, 2015). Budding assumed that similar concept could be used to cut
grass if the mechanism is mounted on a wheel frame to enable the blades rotate close to the
lawns surface. These early machines were made of cast iron and featured a large rear roller with
a cutting cylinder (reel) in front. The cutting cylinder contained several blades connected in
series around the

cylinder (Sheikh and Ahmad, 2018). The cast iron gear wheel transmitted power from the rear
roller to the cutting cylinder blade.

After the development of Buddings lawn mower, he made an agreement with John Ferrabee, a
fellow English engineer. After obtaining a patent in 1830, Ferrabee had license to manufacture

and sell the product. During the production of his product, he licensed other companies, allowing



them to produce the mower as well. Other companies were finally able to produce their own
mowers in the 1850s when the patent was terminated.

Thomas Green innovated the first ever chain driven lawn mower in 1859. Since Green used
chains to transmit power from the roller rather than gears, it reduced the noise of the mower.
Amariah Hills was the first American to obtain a patent for a mower design and innovated the
Archimedean Lawn Mower Co. in 1871 (Venkatesh, 2015). In 1870, Elwood McGuire of
Richmond, Indiana designed a human-pushed lawn mower, which had a very lightweight and
became a commercial success (Venkatesh, 2015). This design made it possible for the operator to
easily move the mower rather than exerting as much energy as the older push mower designs
required. Although a lighter push mower had been designed, mowing grass proved to be an
inconvenient and long task. Therefore, a non-man powered mower was desired. Resorting back
to horse drawn mowers was not an option in order to keep a pristine lawn and resulted in the next
big innovation of motorized mowers. In the 1890s, steam powered engines were commonly used,
but the time it took to fire it up became

even more of an issue which created the desire for an engine that utilizes a different source of
energy. In 1900, Ransomes, Sims, and Jefferies produced one of the best ever English machines,
the first internal combustion gasoline engines available in chain or gear driven models. In 1919,
Colonel Edwin George helped the United States in manufacturing gasoline powered mowers.
Although this engine powered mowers were available, they were rarely used in households due
to the economic problems of the time. In the 1920s and 1930s the electric powered mower, along
with rotary cutting, were created but did not become popular until considerably later. Throughout

the 1940s the only innovations were developing smaller, lighter weight designs along with more



powerful engines. In the 1960s, the designs were now being produced in plastic materials to

further reduce the weight and cost.

A lawn mower is a ground keeping device that make use of one or more rotating blades to cut a
grass surface to an even height. There are various ways used to power a lawn mower, but the use
of solar energy as a source of energy to operate a lawn mower is the main focus of this project.

A lawn mower is a ground keeping device that make use of one or more rotating blades to cut a
grass surface to an even height. There are various ways used to power a lawn mower, but the use
of solar energy as a source of energy to operate a lawn mower is the main focus of this project.

The solar powered lawn mower involves the use of solar energy to charge a direct current battery
which supplies the current stored to the motor which in turn enables rotation of the blade for
mowing. The solar panel receives energy from the sun, when the sun shines, the solar panel or
photo voltaic cell will generate or produce voltage, the energy received from the sun goes into
the charge controller. The charge controller is connected in between the panel and the battery.
The main function of the charge controller is to monitor and control the flow of current and
charge the battery. The charge controller will stop the current flow from the solar panel if the
battery voltage exceeds a pre-set level and also stop current flow if the battery voltage drops

below a pre-set level.

1.2 Statement of the Problem
In the world today where technology is merging with environmental awareness, most people are

looking for ways to contribute to the relief of their own carbon foot prints (Bidgar & Vickey,

2017).



Pollution is manmade, which can be seen in the day to day activities of man. In this part of the
world, the most common types of lawn mowers are powered by gasoline engines which are
hazardous to the environment thereby leading to global warming and depletion of the ozone layer.
Gasoline powered mowers create noise due to the loud engine noise, and air pollution due to the
combustion in the engine. Thus, gasoline powered lawn mower contributes to both air and noise
pollution. Hence, alternatives to the use of non-renewable energy and polluting fossil fuels needs

to be taken into consideration.

1.3 Aim and Objectives of the Study

The aim of this project is to design and fabricate a lawn mower which would be powered by
solar energy in addition to the common gasoline engine.

The specific objectives are to:

1. study the design parameter of a solar lawn mower;

1i. fabricate the solar lawn mower;

1ii. test the solar lawn mower;

iv. to analyze the solar lawn mower and compare its performance with gasoline operated mowers.

1.4 Scope of the Study

The solar powered lawn mower is set to eliminate both noise and environmental pollution to the
barest minimum. The design can be seen as an alternate option to popular and environmentally
hazardous gas powered lawn mower (Kumar & Kantiprashanth). Solar lawn mower is
advantageous over gasoline powered mowers because its eliminates environmental pollution
which is responsible for the emission of gases that results to global warming on the earth surface.

Also, with the rate at which petroleum products are increasing day by day, the use of solar



energy can be seen as a reasonable practice to the use of renewable energy sources to operate

lawn mowers by eliminating the use gasoline fuels which gasoline engines solely depends on.



CHAPTER TWO

LITERATURE REVIEW

2.1 Research on Previous Workedone

This chapter gives an extensive review on works and study related to this project, emphasizing
on different designs, analysis, areas of application and safety aspects of view. Below is a
description containing related publications with the author.

In the study of D. Satwik et al design and fabrication of a lever operated solar lawn mower, the
main objective was to cut grass at different heights. The proposed lawn mower had a spur gear
displacement mechanism in which the rotor blade height can be adjusted by using the lever
attached to it and that can proportionally change the height of the grass cut of the lawn and
required grass cut can be achieved and this process of adjustment will be completed in less than
20 seconds. The components used in machine fabrication include; DC motor,

battery, solar panel, spur gears, wheels, ultrasonic sensor, Arduino board and a rotor blade.

In this process, an electric brushless motor is taken to drive the rotor blade and solar energy is
used to drive the motor. The batteries perform charging and discharging action between the solar
panel and the motor. The actual mechanism lies between the rotor and the motor using spur gears
for the power transformation. The motor runs 45min continuously until the batteries are depleted.
The batteries require 23 hours to recharge completely, 10watt solar panel is used and it takes 4
days considering 6 hours direct sunlight per day to charge complete two batteries. The arduino
board is an open-source computer software program used to control the speed of the motor
manually. The corresponding required program is written and dumped into board. In front of the
machine is an ultrasonic sensor that provides signal to prevent collision between the machine and

obstacles during the cutting operation. The sensor provides signal to the arduino board before the
7



time of collision (below 30cm from the obstacle). Buzzer receives a signal from the board and
produces alarm that prevents the collision. Spur gears were used to transmit power between
motor and the rotor. Contact stresses acting on the teeth of their respective spur gears were
calculated theoretically using Hertz and AGMA equation.

In ogiemidia et al lawn mower design, the project work was based on improving the design of a
solar operated lawn mower form a locally available sources in Nigeria. It also aimed at
improving the cutting efficiency when compared to the conventional fossil fuel powered lawn
mower. The components used for this design include; a 12V, 35Ah battery, 100W, 7.5A solar
panel, charge controller, 1HP, 62.14A D.C motor and a stainless steel plate. In this machine
operation, there are fire inlets at different points outside the mower that draws in air into the
center of the blade as it revolves. The air is push down creating a high pressure rating of
underneath the machine. This high pressure rating creates lift, raising the mower on inclusion of
air which also allows the mower to be easily maneuvered. When the mower moves, the lawn
mower blades which are attached to the revolving of the D.C motor cut the grass. The electric
circuit ensures power transfer from the battery to run the D.C. motor, while the solar panel power,
and continuously recharge the battery while in operation. When the power switch is on, the
electrical energy from the battery powers the motor which in turn actuates the blades. The solar
panel generates current to recharge the battery, thereby compensating for the battery discharge.
The solar lawn mower is made up of a lawn mower deck with handle, a 24 volts DC motor two
12 volts battery and a sickle-shaped blade. A charge controller is mounted separately used for
charging the surface. Two 100 Watts solar panels connected in series are used to charge the
batteries. The D.C. motor forms the heart of the machine and provided the driving force for the

cutting blades. Physical properties were obtained for three blade considering their maximum and



minimum von misses stress. The concepts examined were for a tapered shaped blade, for a flat
blade design and for a sickle like shaped blade. After the design analysis, concept three which
involved the use of a sickle like shaped blade was selected for the lawn mower design and

formed the basis for all the calculations considered.

Nagarajan et al designed and fabricated a lawn mower using a helix shaped blade. The
innovation concept was to fabricate a grass cutting machine for use in an agricultural field and
also to design the grass cutter without any power source so as to reduce the power consumption.
The wheel rotation is achieved by human power as the machine is being pushed by the operator.
The components used for the fabrication includes; a wheel, gear arrangement, roller, bearing, and
base frame. The spiral lawn mower made use of multiple cutting, blade which is connected to the
bevel gear is slightly raised along its rear edge to create draft that lifts the cutting blades before
its cutting operation. The rotation of the cutting blade is done below the gear arrangement. As the
gear arrangement rotates the reel mover tends to cut the plants or crops. The reel consists

of several helix shaped blades mounted to a rotating shaft. The cutting blade used in this design
is a low lift blade which is used for low speed, therefore a straight bevel gear was used due to its
simplistic design and low speed. The performance of the machine was evaluated through a field
test. A land predominantly covered with carpet grass was mapped out into plots of 4mx2m.
Seven of these plots were selected by randomization process and mowed.

In the study of Thomas R. McCoy’s solar powered golf kart, he made use of a combination of
solar cells connected in an array and arranged in parallel or series connection so that a desired
amount of current and voltage could be drawn. It was observed in the project study that the
maximum amount of current without increasing voltage across the terminal was obtained by

arranging the group of cells in the parallel connection.



The array was divided into groups that included three-four cells in each. This arrangement was
used mainly to charge the battery in a quick manner and this rapid charging was because of the
diode which was responsible for electrical separation and that prevented the current to flow from
battery to the solar cells. Every group of the solar panels had its own diode. This diode separated
each group from other group of solar panels.

In the study of Anthony R. Paytas solar powered mower, the machine was designed to be
operated by the electric motor. The lawnmower made use of batteries which were either charged
by electric power source or by solar energy by exposing it to the sunlight insolation. In the
design, the pairs of solar panels connected by the ridge of the panels was raised above the
electric motor. The solar panels consisted of multiple solar cells that produced the required
voltage and current. The voltage regulator at the charging outlet was connected to control current
flow with respective battery. Voltage regulator was required to maintain the safe charging as
additional voltage or current could be drawn from the solar cell. The electric clutch was used as
electric brake which provided the opposite polarity when the safety bar was released.

In the study of Delbert R. Lucas and Ryan J. Lucas, they developed a hybrid electric lawnmower
which could be operated by either direct current (DC) or alternating current (AC) power supply.
A 60 volts DC supply was provided from the battery pack to the motor with a hybrid AC/DC
controller which acted as step down controller or power inverter. The full bridge rectifier was
used to rectify the current from AC to DC. The mower could be run in two modes such as
conserve and boost mode. An additional 6volts battery was provided to hybrid AC/DC controller
that increased the speed of blade motor when switched to boost mode.

Furthermore, when the mower was switched to the conserve mode, the battery life was prolonged.

10



In the study of Ronald Thomas and Donald H. Smiths combined A.C./DC electric lawn mower, a
lawn mower was designed which had both AC and DC motors. Both motors were connected by
gear and clutch arrangement which could be operated together or separately. When AC motor
was powered, DC was permitted to the free wheel by the clutch assembly mechanism. When the
grass was dense, both the AC and DC motors were powered. Both AC and DC motors drove the
gear through their association with the clutch assembly. In the design, three gears were used
which were arranged in the way that they were always in the contact with one another and the
driven clutch plates were in the motion all the times. AC and DC motor were mounted adjacent
to each other.

In the invention of Milshtein et al, a solar electric powered lawnmower was designed which was
controlled electronically to minimize the energy consumption. Change of grass density or any
other change of a load to the blade was sensed by a controller and was fed-back to the circuitry.
Clean energy, low noise, no pollution, no energy cost, safe operation and low maintenance was

added as benefit to the prototype to reduce its cost.

Lawnmower was operated by set of batteries and solar panels. The direction of the blade could
be changed so that mower could throw grass in different direction. The DC motor was selected to
provide maximum efficiency of 81%-84% at the low possible current. Batteries were selected to
provide high energy density (30 W- hour/kg). In this design, conventional solar cells were used
with the efficiency of 14%. Solar cells were able to produce 175 watts under the normal sun
condition. The machine required 24 volt and 10 ampere of current where solar cells were able to

produce only 6 ampere of current.
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In the study of Stephen R. Wassell, a solar powered lawn mower was designed which contained
an electric motor, a rechargeable battery and photovoltaic cells panel that was attached on the
handle of the lawn mower.

A solar powered lawnmower was compared and studied with the gasoline powered lawnmowers
from the effectiveness point of view. Both the mowers were compared and concluded that the
solar powered mowers were more efficient, noiseless and had minimum energy cost. As it was
solar powered, no air pollution was caused as gasoline mowers produced a lot of noise and
affected the environment.

Shukitis et al, researched the methodology which solved the problem while lifting and lowering
the mower deck. There was a problem with the force used to ‘quick lift’ of the deck. In this
design, a solution was given which reduced a force of 22 pounds for lifting and lowering and for
‘quick lifting’, a lever system was used, that enabled the mower to lift till the maximum height.
In the study of Tony Atkins optimum blade configurations for the cutting of soft solids, the
relation between the slice (blade that cuts in one rotation of the rotor) and push (the forward
travel) was analyzed. It was discussed that, if the slice to push ratio was more, then the amount
of grass cut was more and when the knife or blade was sharp, then more was the cutting action.
In the study, the blades were arranged on helices around the cylinder and slice to push ratio was
determined by the helix angle. It was also investigated that the design

and ergonomics of different blades that were used in meat cutting, cylinder lawnmowers, and
scythes greatly reduced the force required to cut the grass.

In the study of Johnson Alexander John’s lawn mower cutting blade design, it was reviewed that
in order to produce a mechanical energy, a direct current motor was used that consumed

electrical energy as its input.

12



The energy was produced due to the interaction of current carrying conductors and magnetic
fields. Current or voltage was given as the input to the direct current motor and torque was the
output. Self-initiated precise exchange force was utilized by the motor to control spin-waves.
Sudden magnetic forces which were precisely located as well as directed were produced by the

motor using the phenomena of self-initiated nonlinear magnetism.

In the study of jean-paulLalonde’s cutting and mulching lawn mower blades, the blade assembly
for lawn mower which produced efficient mulching of the grass was reviewed. The assembly
was adapted to produce self-cleaning inside the shroud housing of the mower and the internal
surface of the same housing. The grass was finely mulched and blown downward outwardly of
the shroud housing of the lawn mower and kept the latter clean. The grass cuttings were blown
downward and it avoided the raking and reduced the need for a lateral outlet in the shroud hosing.
It also reduced the risks of injuries caused by obstacles which were flung outward, such as rocks,
sticks, or by engagement of foot in the path of the rotating blade.

In the study of Wassell, a solar powered lawn mower was designed which was contained an
electric motor, a rechargeable battery and photovoltaic cells panel that was attached on the
handle of the lawn mower. A solar powered lawnmower was compared and studied with the
gasoline powered lawnmowers from the effectiveness point of view. Both the mowers were
compared and concluded that the solar powered mowers were more efficient, noiseless and had
minimum energy cost. As it was solar powered, no air pollution was caused as gasoline mowers
produced a lot of noise and affected the environment.

In the study of Willsie, a lawnmower blade was designed that had improved blade bar which was
flat and also slight twist was provided. A pivotal cutter discs was fitted on each end of the blade.

Each end of the blade was fitted with blower elements which blew the grass. The design

13



provided maximum throwing of cut grass from the housing of the mower during the blade
rotation. To direct the cut grass into outward direction of the cutter discs, the blower elements
were extended above the ends of the cutter discs. It facilitated the expulsion of the grass clipping
beneath the lawnmower housing.

Considering, the previous work done by others in line with this project, the methodology used in
carrying out this project differs from the various methods used in the above research work. In the
design and construction of this project work, the proposed lawn mower is aimed at improving
field cutting efficiency when compared with the conventional fossil-fuel powered lawn mower
exchange force was utilized by the motor to control spin-waves. Sudden magnetic forces which

were precisely
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CHAPTER THREE

METHODOLOGY

3.1 Materials
The materials used for the development of the solar powered lawn mower include mild steel
hollow pipe, mild steel angle bar, solar panel, 12v battery, electrodes, charge controller, wheel,

cutter and electric motor. These materials were locally sourced.

3.2 Methods

The methods employed in this study include the design concept, design of energy generated by
the solar panel, torque developed by motor shaft and cutter, power developed by the cutter,
centrifugal force developed by the cutter, bending moment of wheel shafts, maximum force of
the spring, maximum shear stress of the spring, battery capacity, battery life, and time to charge

of battery.

3.2.1 Design Concept

The machine battery will be powered by solar charging source. An adjustable wheel system will
be incorporated into the design to enable the machine cut grasses at different heights as preferred
by the user. In determining and selecting the appropriate materials for the fabrication and
selection of various parts required for the design of the machine, useful mechanical engineering
design standards were used. In this research, factors such as cost, availability, strength and
weight were taken into consideration in the selection of various materials of components needed

for the design.
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3.2.2 Determination of Energy Generated by the Solar Panel

The energy generated by the solar panel (E) was determined using Equation (3.1). (Ry-Source)

E=AxR xHxPr (3.1)
where,

A = area of the panel,

R = efficiency of the solar panel,

H = annual average solar radiation on tilted panels (5.535Kwh/m2 /day) and

Pr = performance ratio (0.75)

But,
(3.2)
where,
p = rated power of the panel (360w), and
A = area of panel,

Therefore, the energy generated by the solar panel was calculated as 1.494 x 10"3 KJ/day.

3.2.3 Determination of Torque Developed by Motor Shaft and Cutter

Torque (T) developed by the motor shaft and cutter were calculated using the following relationship:
T=WR (3.3)
where,

W = weight of the cutter (1.6 x 10"-2N),

R = the distance from the center of the hub to the end of the cutter (0.14m), and

The torque was determined as 2.24 x 10°Nm.

16



3.2.4 Power Developed by the Cutter

The power developed by the blade was calculated using Equations (3.4) and (3.5) (Khurmi and Gupta,

2005),

P=To (3.4)
where, P = power,
T = torque,
® = angular velocity,
N = Speed transmitted by the motor (1000rpm)
But angular velocity, © = 2------------- 60 (3.5)
The angular velocity (o) was calculated using Equation (3.5) as 104.733rad/s.

Therefore, substituting into Equation (3.4), the power developed by the blade was calculated as 2.514w.

3.2.5 Determination of the Centrifugal Force Developed by the Cutter
The centrifugal force (Fc) is the force produced by the cutter considering the rotational speed of the motor,

and was calculated using the relationship (Khurmi and Gupta, 2005),

Fc=m o?r (3.6)
where,

m = mass (1.6 x 10-2kg),

o = angular velocity (104.733rad/s), and

r = radius of the cutter (0.002m).

The centrifugal force (Fc) was calculated as 35.10N.

3.2.6 Bending Moment of Wheel Shafts
This is the induced reaction on the shaft which causes the shaft to bend when an external force is applied.
It is a measure of force and distance from the point of application of the force. The bending moment of

the wheel shaft was calculated as (Khurmi and Gupta, 2005),

17



¥y R (3.7)

Gbx1
Therefore, M= ¥

where, M = moment,
I = moment of inertia,
db = bending stress,
E = young modulus
R = radius of curvature, and
y = distance of element from central axis.

L F
But,I= &4 and 6b =4

where, D = diameter (160mm),
F = force (0.981N) and
A = area (6384.5mm?)

Thus, I was calculated as 32 x 10°mm. Also b was calculated as 1.54 x 10“N/mm?.

Therefore bending moment M was determined as 1.123x10°Nmm.

3.2.7 Design Calculation of the Restraining Spring

The restraining spring was fused into the design to support the wheel shaft in place upon the adjustment
of the wheel shaft to the various cutting heights of the design. In selecting the spring, the maximum axial
force exerted by the wheel shafts on the spring, the maximum shear stress of the spring were the factors

considered.

3.2.7.1 The Maximum Force of the Spring
The maximum force (Fyax) that the spring can undergo without failing was calculated using Equation (3.8)

(Khurmi and Gupta, 2011),
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Gd 4e
Fnax = Ke = 8NaD* (3.8)

where, Frnax = maximum force the spring will undergo,
G = shear modulus of spring material (200Gpa),
D = mean diameter of the spring (30mm),
d = spring wire diameter (5Smm),
Na = number of active coils of spring, and
e = extension

Therefore, Fmax was calculated as 1.99x1064N/mm?.

3.2.7.2 Calculating the Maximum Shear Stress of the Spring

The maximum shear stress (Tmax) 0f the spring was calculated as follows (Khurmi and Gupta, 2005),

BW D Fmax
Tmax = i d (3 .9)

where, W = wahl’s factor,
D = the mean coil diameter,

D = wire diameter.

40—1 0.615
but, W = 4c—4 c (3.10)

D
where, C = spring index = (4 )

Thus, the Wahl factor, W was calculated as 1.2525.

Therefore, the maximum shear stress, Tmax Was calculated as 1.25x10 9 N/mm.
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3.2.8 Battery Capacity
Pratik et al. (2014) described the battery capacity as a measure of the charge stored by the battery which
is usually determined by the mass of active material present in the battery. This battery capacity (C) was

calculated thus,

C=AT (3.11)

where, A = current,

T = time to charge or discharge battery by half. Therefore, the battery capacity was calculated as

108A-H

3.2.9 Battery Life
Battery life (B)) is the amount of time the device runs before it needs to be charged (Pratik ef al., 2014). 1

was calculated using Equation (3.12).

Cxel =P
Bi= 1xv (3.12)

where, C = battery capacity,
P = power,
I = current, and

V = voltage.
Thus the Battery life, B; was calculated as 6480 seconds = Ihr 48mins

3.2.10 Time of Charge of Battery
This is the time it takes to charge the battery. The battery charging time is usually dependent on both the
charging current and the battery capacity. The battery will be charged from the solar panel source.

Charging using solar panel

20



C

Battery charging time, B¢ = c¢ (3.13)
where, C = battery capacity,
cc = charging current.

Therefore, the battery charging time was calculated as Shrs.
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3.1 Design Consideration

Several design factors should be taken into account for the economical and efficient development
of a solar lawn mower. These are considerations that should be put in place during the fabrication

process so as to ensure optimal productivity of the machine.

Listed below are the design consideration:

1. The blade geometry and shape.

1. Materials consideration of the blade.

iii. There’s p.m consideration.

1v. The deck size.

vi. the power rating of the solar panel

Considering the design for the proposed lawn mower, the blade to be used is a flat shaped blade.
They are generally referred to as standard blades engineered to provide enough lift to move the
grass out of the mower deck area. Other blade shapes like tapered blade and sickle bar blade can
also be used for the mower, but flat blade is preferred for this project because of it mass which is
suitable considering the size and weight of the machine and speed of the motor. Tapered and
sickle bar blades have higher cutting pressure but relatively low mass. The shaft rotating the
blade has a high mass so the blade has to have a relative high mass to prevent the blade from
wobbling. The material to be used for the desired flat blade is mild steel. Mild steel has strength
and weight that can transmit the same speed as that of the motor which makes it suitable

considering the size of the deck and shaft rotating the blade. Stainless steel and angle bar iron
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can also be used for the blade construction due to their durability and long life span. But mild

steel is preferred mainly because of strength and its high resistance to corrosion.

SUN RAYS B
| SOLAR PANEL
CONTROL
: . UNIT
M ]
77 I | TER S —— ] VO |
OR

BATTERY

Figure 3.1 Circuit Diagram of the solar lawn mower

Solar energy is a time dependent energy that occurs at irregular intervals. Therefore energy has
to be stored so it can be readily available for use when there is no further supply of the sun
energy. The solar panel (or photovoltaic cell) harnesses the solar energy when the sun is
available during the day. The sun produces constant amount of energy with a solar radiation
intensity of about 6.33x107 W/m2 at the surface of the sun. Photovoltaic modules and arrays
produce direct-current (DC) electricity and current combination. Solar photovoltaic cells are
essentially semi-conductors, which have electrical transmission properties like metal or salt
water and insulators like rubber. Solar panels are constructed with sheets of doped silicon,
primary element in beach sand with impurities added like phosphorus that allows the flow of

electron.
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To charge the battery, a solar panel is expected to tap the solar energy from the sun and convert it
to electric energy that will be put away in the battery connected to it. At the point when the
protons from the sunlight based energy hit a photovoltaic cell, a progression of electrons begins
which can be drawn off by a connected wires, this generates direct current. Various sun oriented
cells electrically connected with one another and mounted in a support structure or edge is
known as a photovoltaic module. Modules are intended to flexibly supply a specific voltage. The
current created is predominantly proportional to the amount of light striking the module.

In selecting the solar panel the following were considered;

1. The average sun hours per day (insolation).

ii. Battery capacity

1i1. Current draw of the motor.

iv. Mower operation duration

3.2 OPERATION PRINCIPLE

The photo- voltaic effect can be observed in nature in a variety of materials but the

semiconductors performed best in sunlight.

The solar powered lawn mower involves the application of solar power to charge batteries for the
purpose of using it to power an electric motor which in turn actuates the blade as the mower is
being propelled. When the mower blade revolves it draws air in, fire air inlet located at different
points outside of the mower. The air is drawn into the center of the blade, because the blade is
rotating, the air is push down creating a high pressure rating of air underneath the machine. This

high pressure rating creates lift, raising the mower on inclusion of air which also allows the
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mower to be easily maneuvered. When the mower moves, the lawn mower blades which are
attached to the revolving electric motor cuts the grass. The electric circuit ensures solar energy
from the sun is transferred through a charge controller to charge the battery which in turn
supplies power to run the electric motor, while the solar panel power, will continuously recharge
the battery while in operation. When the power switch is on, the electrical energy from the
battery powers the motor which in turn actuates the blades. The solar panel generates current to
recharge the battery, thereby compensating for the battery discharge. The solar lawn mower is
made up of a lawn mower deck with handle, a 12volts electric motor; a 12 volts battery and
blade. A charge controller is mounted separately used for charging the battery. The solar panel is
a photovoltaic cell that generates current when light falls on its surface. 100 Watts solar panel is
used to charge the battery. The electric motor forms the heart of the machine and provides the

driving force for the blade.
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CHAPTER FOUR

RESULTS AND DISCUSSIONS

4.1 Fabrication and Assembly of the Solar Machine Parts

The mechanical aspect comprises of several parts which are coupled together to form a frame for
the solar panel, seat for the battery and the blade design. Mild steel of thickness (1mm) was used
to design the rectangular top of the frame, supported by a hollow pipe at the four edges. The
hollow pipes were placed in such a way as to provide an angle of tilt for the solar panel. The
frame and supports were made suitable to carry the weight of the solar panel while the mower is
being propelled during operation. The seat for the battery was also designed using mild steel of
thickness (1mm) and was joined to the body of the deck using fasteners. The body of the deck
area was made of aluminum making it impossible to carry out welding operations on the area.
All joining processes on the deck was done using fasteners. A compartment on the deck area was
designed to house the electric motor and blade beneath. The blade was made of mild steel
material of thickness (4mm) and was incorporated to the shaft of the electric motor. The blade
was designed in such a way as to create polarity when cutting grasses at different height and also
to prevent the blade from wobbling. The blade was screwed directly to the shaft of motor so as to
generate the speed transmitted from the motor to achieve efficient cutting operation. The
fabrication process involved various manufacturing operations such as; marking out, cutting,
grinding, shaping, drilling and welding. The mower design was made to have the least possible

amount of welded joints as shown in Figure 4.1.
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4.1: Designed Parts of the Lawn mower

4.2 Performance Evaluation of the Fabricated Lawn Mower

The solar powered lawnmower was fabricated and tested. During the machine operation
electrical energy of the battery was converted to mechanical energy through the blade to achieve
cutting operation. The electric circuit ensured that power was transferred from the battery to run
the DC motor, while the solar panel continuously charged the battery during operation. The blade
generated power from the DC motor at a speed of 3000rpm. When the switch is on, the electrical
energy from the battery powers the motor which in turn actuates the blade. The solar panel
generates current to recharge the battery, thereby compensating for battery discharge. The
rotating blade continuously cuts the grass as the mower is being propelled. During the operation
it was convenient to cut grasses at different height using an adjustable lever mechanism attached

to the to the deck area of the machine.

4.2.1 Battery Sizing
After the solar lawn mower was developed, it was tested to ascertain the actual time it will take
for the battery to completely charge. The result showed that it took approximately 5 hours for the
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battery to be completely charge and the mower worked effectively for 50 minutes before
discharging completely. The reason for the short working duration of the battery was due to the

high current draw of the electric motor.

4.2.2 Efficiency of the Solar Lawn Mower
The efficiency of the developed lawn mower (En) was calculated using the following

equation: The efficiency of the mower (En) was determined using the following relationship,

2 %100
En=Tg (4.1)

where, Ah = area of grass cut to desired heights, (30m)
Tg = total area of grass field, (36m).

Therefore, the machine efficiency (Em) was determined as 83.33%

4.3 Cost of Production
The cost of producing the solar lawn mower as shown in Table 4.1 covered both costs of materials and

labour.
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Table 4.1: Cost of Production

S/N | Items Specification Quantity | Rate (N) Cost (N)

1 Solar panel 18V, S0W 1 50,000 50,000

2 Charge Controller 60Amps 1 60,000 60,000

3 DC Motor lhp, 12V, 3000rpm 1 40,000 40,000

4 15mm Mild steel hollow | 1 length 1 20,000 20,000
pipe

5 Mild steel Blade 1 x 1 inch 1 5,000 5,000

6 Battery 12V, 40Ah 1 40,000 40,000

7 Switch 1 2,000 2,000

8 Cables 4,000 4,000

9 Paint 2,500 2,500

10 Mild steel angle bar 2 inches, 1 length 19,000 19,000

11 Labour 30,000 30,000

12 Total 272,500

Table 4.2: Comparative study

Conventional Mower Solar Mower Factor

Causes more pollution Clean and pollution free Air Pollution

Less More Effort

More Less Maintenance required

More Less Noise Pollution

Less More Efficiency

Complex Simple Construction
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From the factors determined above, the solar operated mower will be used effectively in the following

applications;

4.4 APPLICATIONS

1. Used in gardens

2. Used in play grounds

3. Road side grass and small plant cutting

4. Nursery applications

4.5 Discussion

The developed solar lawn mower has an efficiency of 83.33%. This value is far above average
and the is due to the power output of the electric motor which drives the blade attached to the
shaft of the motor. The 5S0W solar panel was able to adequately charge the battery (40Ah), for a
period of approximately 5 hours, which is being regulated by the charge controller, however, the
speed of the motor which is 3000rpm rotates the blade causing it to cut the grass until the battery

completely discharges.

The developed mower is environmentally friendly as there is no emission of poisonous gas to the
atmosphere and thereby eliminates the greenhouse effects. Also, the machine is produces lesser

noise when compared to the conventional petrol driven lawn mowers.
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CHAPTER FIVE

CONCLUSION AND RECOMMENDATION

5.1 CONCLUSION

1. The design parameters of the solar lawn mower were studied and stress analysis was done on
certain components parts of the machine

2. The solar lawn mower was fabricated

3. The solar lawn mower was tested and was effective enough to cut all types of grass at different
heights.

4. Comparative study was done between the solar lawn mower and conventional gasoline
operated mowers.

Conclusively, the design of the Solar powered Lawn mower is generally environmental friendly
and also encourages environmental sustainability due to zero production of greenhouse gases, it
also cost effective as solar panel requires little to no service cost compared to conventional

gasoline operated lawn mower.

5.2 RECOMMENDATION

From the design and result generated, it can be recommended that a solar panel higher
current draw should be used so as to completely charge the battery in a shorter period to enhance
more working hours of the machine.
A battery of more ampere-hours should be used also to enhance more working hours of the

machine.
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The speed of the electric motor is sufficient enough to cut all types of grass which results to
deriving maximum efficiency. Also, the design of the blade should be shaped such that it
enhances better angle of cut.

Finally, an obstacle sensor should be incorporated to the machine so as to detect obstacles
ahead while the machine is propelled forward to prevent it from causing wear on the surface of

the blade and crack on the solar panel this would further enhance efficiency
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