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ABSTRACT

This project was suggested to us by Krishi Vigyan Kendra, Brahmavar based on their research.
The objective of this project is to design and develop a robot which can climb the Arecanut tree

and spray pesticide, thereby reducing time and labour required for the same job.

In recent years, labour scarcity has emerged as one of the foremost challenges in farming. One of
the crop that has been most affected by this is the arecanut. It is mandatory to climb the tree a
minimum of five times a year for a successful harvest i.e., twice for the preventive spray against

fungal disease, and thrice to harvest the arecanut. Only skilled labourers can carry out this task.

The robot consists of an ‘X’ frame. At the bottom of the robot two rollers are placed which are
conical in shape and are connected to two DC motors. These motors are operated by a remote
control to move up and down the tree. The model is placed around the tree and springs are used to
attach it firmly to the tree. Two nozzles are placed on either side at the top of the machine with
motor arrangement so that it can rotate at a 360-degree angle. Electric pumps are used to lift the
pesticide towards the nozzle and spray it to the arecanut. Arduino Uno is used for programming
the motors to rotate in clockwise and anticlockwise direction.

The robot has been tested for its climbability and it is portable. This robot reduces the time and
also dependence on labour. The sprayer sprays pesticide to the adjacent trees with good level of
accuracy. The flow of pesticide is remotely controlled. The user interface is easy.

The future improvements for this project are as follows: -
I.  Adding a nut cutter.
Il.  Lowering the weight.
I1l.  Computer vision can be added to identify the healthy arecanut.
IV.  The process of spraying pesticide can also be made fully automatic using image
processing sensor.

V.  Wheels with better frictional co-efficient can be designed.
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ARECANUT TREE CLIMBER AND PESTICIDE SPRAYER

Jnanesh Bekal Jnanasagar Kamath Manjunath K Nixon D’Souza
CHAPTER 1

INTRODUCTION
1.1 GENERAL

Areca nut (Areca catechu) a tropical crop, is popularly known as betel nut in India. It is one of the
most important commercial crop in South-East Asia in general and India in particular. As per FAO
statistics for 2013, India is the largest producer of areca nut accounting for 49.74% of the world
output. In India, as of 2013-2014 Karnataka is the largest producer of Areca nut in India resulting
in 62.69 percent of the country’s output. The plant grows in well drained, deep clay loamy soil;
laterite, red loam and alluvial soils are considered most suitable. Areca nut farming, to achieve
good vyield, needs large application of organic manures and chemical fertilizers. The gestation
period for the areca nut tree to yield fruits varies from four to eight years. Its life span is up to 60
years and in some cases even 100 years. The Arecanut tree grows to a height of 60 feet to 70 feet

and measures 15 cm in diameter.

1.2 LITERATURE SURVEY

The details about design, fabrication and calculation is obtained from [1], [2] & [3]. [4] and [5]
gives details about the production and plantation of arecanut crop in India & market share of
various states in India together with the various diseases affecting the crop and the different
measures to be taken to prevent these diseases. [6] presents the cultural and social significance of
arecanut crop in India. The information about the battery is obtained from [7]. The details

regarding the motor is obtained from [8].

The production of arecanut in India during the year 2013-14 and the area used for arecanut in
obtained from [9]. The Indian and global scenario of arecanut and the details about the various
existing technologies on arecanut harvesting is obtained from [10]. The information on various

hybrids on arecanut is obtained from [11].

DEPARTMENT OF ELECTRICAL AND ELECTRONICS
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1.3 STATEMENT OF PROBLEM

In recent years, non- availability of labors has emerged as one of the biggest challenges in farming.
One crop that has been most affected by this is the areca nut. Arecanut trees attain a height of about
60-70 feet. It is mandatory to climb the trees a minimum of five times a year for a successful

harvest - twice for the preventive spray against fungal disease, and thrice to harvest the areca nut.

Koleroga is another such disease prevalent in high rainfall regions. This disease assumes intensity
during south- west monsoon causing heavy damage to the crop. Bud- rot, food- rot, stem breaking,
inflorescence die- back, stem bleeding are other diseases which affect areca yield and cause
damage in varying degrees. Yellow leaf disease has been causing much damage to areca nut. This
disease is categorized by the yellowing of leaves of leaves. As a result, there is reduction in the
size of leaves and nuts, tapering of the stem and mature nutfall occurs. It is estimated that about

35- 40 % of areca plantation in Kerala has been affected by this disease.

In addition to the diseases mentioned above areca nut are also affected by many pests and insects.
Therefore, in order to prevent the above-mentioned problems pesticides are sprayed frequently to
the Arecanut. This also solves labor problem. Also, it reduces the wastage of pesticides. The
farmers are exposed to the toxicity of pesticides and suffer from pesticide poisoning which range

from skin irritation to coma or even death.

1.4 TRADITIONAL METHODS AND COMPARISON

In olden days’ farmers used to manually climb the trees till the top and spray pesticide to the areca
nut bush. After spraying pesticides to the Arecanut they would jump to the adjacent tree. This is a
very risky job as the tree climbers could slip and fall down and meet with serious injuries.
Moreover, the tree climbers also do not have any kind of medical insurance, this only worsens the

problem.

In modern days’ farmers use mechanical pump or electric pump to spray pesticide to the Arecanut.
First the farmer has to climb the tree halfway and then use a nozzle to spray pesticide to the
Arecanut. This method is less risky than the previous one. But this method consumes a lot of time

and lot of pesticide is wasted as all the pesticide does not reach the Arecanut.

DEPARTMENT OF ELECTRICAL AND ELECTRONICS
ST.JOSEPH ENGINEERING COLLEGE 2
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Therefore, a prototype electric robot is developed which climbs the tree for the required height

and spray pesticides more quickly and efficiently without wasting pesticide.

1.5 ORGANIZATION OF THESIS

Chapter 1 talks about how arecanut plantation is carried out across India. The plantation of arecanut
in various states of India. The various problems faced by farmers and the diseases that hit the
arecanut are also mentioned. The history of the arecanut and traditional methods of spraying are
briefed along with the statement of the problem and they are compared with the modern-day
techniques.

The theoretical background of the components used in the project is explained in chapter 2. It
includes DC motor, PMDC motor, battery and brief description about various components used.
Chapter 3 includes the block diagram and methodology of the project work.

Chapter 4 gives details about the mechanical fabrication, rollers and calculations.

Chapter 5 deals with the details about Arduino, pin diagrams, and various IC’s used to drive the
motor and the relay and solenoid valve used to control the flow of water.

Chapter 6 deals with the working of battery charger circuit and the components used.

Chapter 7 presents the practical results of the project work carried out and also the advantages of
the robot over traditional methods of spraying.

Chapter 8 is the conclusion to the project and its scope for the future.

DEPARTMENT OF ELECTRICAL AND ELECTRONICS
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CHAPTER 2

THEORETICAL BACKGROUND

2.1 GENERAL

This chapter deals with DC motor, its types along with construction and working principle. We
have used power window motor which is a Permanent Magnet DC Motor (PMDC) as it has many

advantages over other types of DC motors.

2.2 DC MOTOR

Most common electrical appliances work on AC power, however there are some situations in
which DC power is preferable. For instance, small electrical motors work very well on AC supply,

but very large electrical motors generally work much better on DC supply.

A DC motor is of a class of electrical machines that converts direct current electrical power into
mechanical power. The most common types rely on the forces produced by magnetic fields. Nearly
all types of DC motors have some internal mechanism to periodically change the direction of
current flow in part of the motor. Most types produce rotary motion; a linear motor directly
produces force and motion in a straight line.

A DC motor's speed can be controlled over a wide range, using either a variable supply voltage
or by changing the strength of current in its field windings. Small DC motors are used in tools,
toys, and appliances. The universal motor can operate on direct current but is a lightweight motor
used for portable power tools and appliances. Larger DC motors are used in propulsion of electric

vehicles, elevator and hoists, or in drives for steel rolling mills.

DEPARTMENT OF ELECTRICAL AND ELECTRONICS
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Figure 0.1 DC Motor Figure 2.2 Power Window Motor

PRINCIPLE AND CONSTRUCTION:
A coil of wire with a current running through it generates an electromagnetic field aligned with
the center of the coil. The direction and magnitude of the magnetic field produced by the coil can

be changed with the direction and magnitude of the current flowing through it.

A simple DC motor has a stationary set of magnets in the stator and an armature with one or more
windings of insulated wire wrapped around a soft iron core that concentrates the magnetic field
and in large motors there can be several parallel current paths with more turns. The ends of the
winding are connected to a commutator which allows each armature coil to be energized in turn
and connects the rotating coils with the external power supply through brushes. (Brushless DC

motors have electronics that switch the DC current to each coil on and off and have no brushes.)

The total amount of current sent to the coil, the coil's size and what it's wrapped around dictate the

strength of the electromagnetic field created.

The sequence of turning a particular coil on or off dictates what direction the effective
electromagnetic fields are pointed. By turning on and off coils in sequence a rotating magnetic
field can be created. These rotating magnetic fields interact with the magnetic fields of the magnets
(permanent or electromagnets) in the stationary part of the motor (stator) to create a force on the

armature which causes it to rotate.

DEPARTMENT OF ELECTRICAL AND ELECTRONICS
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2.2 DC MOTOR TYPES
2.2.1 SHUNT DC MOTOR

A shunt DC motor connects the armature and field windings in parallel or shunt with a common
D.C. power source. This type of motor has good speed regulation even as the load varies, but does
not have the starting torque of a series DC motor. It is typically used for industrial, adjustable

speed applications, such as machine tools and winding/unwinding machines.

2.3.2 SEPARATELY EXCITED MOTOR

The supply is given separately to the field and armature windings which gives a degree of freedom
for controlling the motor over the shunt. The armature current does not flow through the field

windings, as the field winding is energized from a separate external source of dc current.

2.2.3 SERIES MOTOR

The stator and rotor windings are connected in series. Thus, the torque is proportional to current
so it gives the highest torque per current ratio over all other dc motors. It is therefore used in starter

motors of cars and elevator motors.

2.2.4 PERMANENT MAGNET (PMDC) MOTORS

The stator is a permanent magnet, so the motor is smaller in size.

2.2.5 COMPOUNED MOTOR

The stator is connected to the rotor through a compound of shunt and series windings, if the shunt
and series windings add up together, the motor is called cumulatively compounded. If they subtract
from each other, then a differentially compounded motor results, which is unsuitable for any

application.

2.3 PERMANENT MAGNET DC MOTOR

In a PMDC motor, permanent magnets (located in stator) provide magnetic field, instead of stator

winding. Radially magnetized permanent magnets are mounted on the inner periphery of

DEPARTMENT OF ELECTRICAL AND ELECTRONICS
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the stator core to produce the field flux. The stator is usually made from steel in cylindrical form.

Permanent magnets are usually made from rare earth materials or neodymium.

When a current carrying conductor comes inside a magnetic field, a mechanical force will be
experienced by the conductor and the direction of this force is governed by Fleming’s left hand
rule. As in a permanent magnet dc motor, the armature is placed inside the magnetic field of
permanent magnet; the armature rotates in the direction of the generated force which is given by

F = B.l.L Newton
where B=magnetic field strength in Tesla (weber / m?)
I=current in Ampere flowing through that conductor and
L= length of the conductor in meter comes under the magnetic field.

Each conductor of the armature experiences a force and the compilation of those forces produces
a torque, which tends to rotate the armature.

. The torque equation of dc motor suggests Tg= Ka ¢ la. Here ¢ is always constant, as permanent
magnets of required flux density are chosen at the time of construction and can’t be changed

thereafter. For a permanent magnet dc motor Tg = Katla

Where Ka1 = Ka.¢ which is another constant. In this case, the torque of DC Motor can only be
changed by controlling armature supply.

Rotor is made from layers of laminated silicon steel to reduce eddy current losses. Ends
of armature winding are connected to commutator segments on which the brushes rest.
Commutator is made from copper and brushes are usually made from carbon or graphite. DC
supply is applied across these brushes. The commutator is in segmented form to achieve
unidirectional torque. The reversal of direction can be easily achieved by reversing polarity of the

applied voltage.

As the magnetic field strength of a permanent magnet is fixed it cannot be controlled externally,

field control of this type of dc motor cannot be possible. Thus, permanent magnet dc motor is used

DEPARTMENT OF ELECTRICAL AND ELECTRONICS
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where there is no need of speed control of motor by means of controlling its field.

Advantages:
1. For smaller ratings, use of permanent magnets reduces manufacturing cost.
2. No need of field excitation winding, hence construction is simpler.
3. No need of electrical supply for field excitation, hence PMDC motor is relatively more
efficient.
4. Relatively smaller in size.
5. Cheap in cost.

Disadvantages:

1.

Since the stator in PMDC motor consists of permanent magnets, it is not possible to add extra
ampere-turns to reduce armature reaction. Thus, armature reaction is more in PMDC motors.
Stator side field control, for controlling speed of the motor, is not possible in permanent

magnet dc motors.

2.4 BATTERY

Figure 0.3 Battery

The storage battery or secondary battery stores electrical energy as chemical energy and this

chemical energy is then converted to electrical energy as and when required. The conversion of

DEPARTMENT OF ELECTRICAL AND ELECTRONICS
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