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ABSTRACT
Rubber tapping is the process of extraction of latex from rubber trees. Rubber tree
tapping is considered to be a skill oriented job. During the tapping process, the taper has
to make a downward half spiral incision on the tree bark to extract the white milky liquid
called latex.
On a typical day, a rubber tapper has to tap about 500 to 800 rubber trees
manually with a tapping tool within a specified time of the day. Availability of skilled
laborers who could accomplish this mammoth task is getting scarce as days pass by. Even
though cheap unskilled labor is available, without appropriate time and training they
would end up damaging the tree.
The automated rubber tapering machine designed here would replace the manual
labor required for the tapping process. Also with a clock feature to control the timing of
the tapping process, higher yield of rubber latex could be obtained.
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CHAPTER 1

INTRODUCTION
1.1 Introduction of the Project
Rubber is a plantation crop that is widely grown in southern India. There exists a
vast majority of rubber cultivators in Karnataka and Kerala. The rubber plant is not a native
plant of India. Dutch colonialists who also cultivated rubber in their plantations in
Indonesia introduced the rubber plant to Kerala, India; because of its similar tropical
climate. Rubber is an economic crop. The rubber plant produces sticky, white latex that is
collected and processed to produce natural rubber. Natural rubber is an elastomer that was
originally derived from latex, a milky colloid produced from Hevea brasiliensis or Rubber
tree. A rubber plant has to grow for about seven years before it can be harvested on a regular
basis.
A rubber tree can produce latex for over 25 years from when it is first tapped.
Rubber trees have straight trunks and smooth green leaves. The tree would be ‘tapped’, that
is, an incision is made into the bark of the tree. The latex from within the tree seeps to the
surface of the cut and trickles down the cut into a container, tied to the trunk of the tree.
This rubber latex is harvested from trees through a process called “rubber tapping”. The
tree bark on the inner side contains layers of vessels called lactiferous vessels. This contains
the rubber latex. A cut is to be made into layer that contains these vessels to extract the
latex. This layer of vessels is very close to the Cambium layer of the rubber tree. During
the tapping process care should be taken as to avoid the blade in the tapering tool to go
deep into the bark and damage the cambium. If the cambium is damaged, the damaged area
will form bulged uneven surface post healing. The damaged cambium makes the tree
susceptible to microbial attacks, which in worst case could kill the tree. A downward half
spiral cut is made in the tree, approximately four feet from the ground and circling about
half the tree. The latex flows down the spiral into the collecting cup. It usually takes about
two to three hours before the sap hardens and closes the cut in the tree. The coagulating
time is greatly dependent on the temperature of the surrounding area. Every morning the
rubber tapper empties the latex collected in the collecting cup placed below the cut from
each tree. Then using the tool removes a thin layer of the bark just above the previous cut,
through the cut the latex starts dripping into the collecting cup. A typical rubber tree yields
rubber latex for about 25 years, after which the rubber tree will stop producing latex. The
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tree is then cut and used for commercial applications. A new rubber sapling is planted to
take its place.
The milk coloured latex sap collected is refined into usable rubber. The purified
form of natural rubber is chemical polyisoprene, which can also be produced synthetically.
Natural rubber has an extensive range of applications as compared to synthetic
rubber. Natural rubber is used in insulating blankets and footwear. It is used in treads of
vehicle tires and conveyor belts because of its resistance to abrasion. The flexibility and
elasticity of rubber makes it suitable for hoses, shock absorbers, and as mountings for heavy
machinery which reduces the vibrations. Rubber is highly water resistant. Because of its
resistance against water it has a variety of applications in rainwear, diving and underwater
equipment, also as a lining to a variety of chemical and water tanks. Rubber being a bad
conductor of electricity is used in electrical industry to use as an insulating material.
The rubber tree grows in tropical climates and is cultivated in many countries. Asia
has continued to dominate the world supply of natural rubber, averaging more than 90% of
total world production. Close to 28 million tons of rubber were produced in 2013, of which
approximately 44% was natural. Since the bulk is synthetic, which is derived from
petroleum, the price of natural rubber is determined, to a large extent, by the prevailing
global price of crude oil. Asia was the main source of natural rubber, accounting for about
94% of output in 2005. The three largest producers are Thailand, Indonesia and Malaysia,
together account for around 72% of all natural rubber production. Other countries
producing rubber are Vietnam, Liberia, India, USA, China, Japan etc. India is one among
the top ten rubber producing countries.
The rubber latex produced by the trees can be differentiated by the type of
coagulation. Apart from the latex that is collected in the collecting cup used to make natural
rubber, there are four types of field coagula, "cup lump", "tree lace", "smallholders’ lump"
and "earth scrap". Some trees continue to drip after the collection leading to a small amount
of "cup lump" that is collected at the next tapping. The "tree lace" is the latex that coagulates
on the cut which seals the cut; this can be peeled off and collected. Tree lace and cup lump
together form majority of the dry rubber. Some amount of latex drips on the ground, it may
be caused while emptying the collection cup or during the tapping process. This coagulated
mass is known as “earth scrap". This scrap rubber is collected periodically and processed.
The resultant product is used for low quality applications.
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1.2 Conventional approach
The rubber trees are tapped using a tapering tool manually by a worker in the rubber
field. This is an age-old practice which still forms the majority of the tapering technique
used. On a typical day, a labourer must go to the field early in the morning, i.e. before the
sunrise and start tapping the rubber trees one by one. This has to be repeated until every
tree in the farm is tapped. The main criterion for the tapping depends on the following
factors.
1. The skill with which the labourer taps the tree.
2. The type of blade used for the tapering process.
A study was done to determine the efficiency of the manual labour used for the
tapping, the study conducted was to analyze the technical inefficiency of rubber tapping in
Rubber Research Institute of Nigeria Benin City, Edo State [1]. Technical efficiency (TE)
is defined as the ability to achieve a high level of output given similar level of production
input. The Nigerian rubber industry is labour intensive particularly for maintenance and
tapping. Studies have shown a significant and negative correlation between wages and
rubber production in Nigeria. The bark of the rubber tree is the economic reserve of the
farmer; hence efficient exploitation method is crucial in the determination of financial
returns of the rubber estates. The high labour wage has forced majority of plantation owners
to either abandon or adopt a share cropping system with willing tappers. This system of
management fails to give the owner sufficient control over the tapper. This arrangement
motivates tappers to “slaughter tap” all in an effort to extract latex resulting in poor bark
regeneration and declining productivity of the trees. There has been an increasing demand
for rubber and its products but productivity seems to be inadequate to supply the growing
demand for tyres.
As the study shows there are a number of drawbacks for the conventional tapping
process.
1. Decrease in the availability of skilled labor.
2. Increase in the labor cost over the years.
3. Inefficiency and poor tapping skills of the workers would result in damage to the
tree.
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1.3 ORGANISATION OF THE PROJECT
Association of proposal is as per the following:
Chapter 1: This chapter stipulates a brief introduction on the background, the target of the
project related in satisfying the project.
Chapter 2: The chapter contains the literature review, which deals with the existing
approaches towards rubber tapping and comparison with the proposed design.
Chapter 3: The chapter contains the system overview and the schematic of the mechanical
model.
Chapter 4: Detailed explanation of the Hardware used in the project is discussed in the
chapter.
Chapter 5: The software used for the programming of microcontroller and 3D CAD
software used for design of the mechanical structures is discussed.
Chapter 6: The working principle of the device is explained here as well as the flow chart
for the program used in the microcontroller.
Chapter 7: The final outcome of the work done i.e. the result is shown in this chapter.
Chapter 8: Introduces the last part of the thesis. The conclusions of the work accomplished
and progress on every parameter are manifested.
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CHAPTER 2

LITERATURE REVIEW
The rubber plantation is found in vast majority along the coastal regions of
Karnataka and Kerala. As the world in general is looking towards the advent of technology
to accomplish simplest of tasks, this project is an attempt to bring such technological
advancement in the area of rubber tapping.

2.1 Comparison with the existing approaches
To replace the manual labor, a number of semi-automatic and automatic tapping
machines have been designed in the past. As skilled labor is hard to find, referring [2] a
study was undertaken to design a semi-automatic rubber tapping machine where in a cheap
unskilled labour could tap a tree with precision. This approach would require the unskilled
labor to understand the operation of the semi-automatic rubber tapping machine. Learning
this would have a greater learning curve than learning to tap with a conventional tapping
blade. This would take us back to the original problem that we had with the conventional
tappers.
In [3] an attempt to make an automatic tapping machine was undertaken. The
machine designed had a RTC, which was designed to make the tapping process automatic.
The incision that it made was limited to only one, i.e. each morning a worker has to
manually place the tapping blade one step down to make the next incision. This would not
make the machine completely automatic but dependent on human intervention.
Referring to the study in [4], which discussed about the autonomous navigation in
rubber farms, a system was proposed where in an autonomous robot would do all the work
in the rubber farm. The key point here is to replace the labourers with intelligent machines.
It proposes the development of a machine which can autonomously navigate through rubber
plantations with obstacle detection capabilities. Sub tasks like tapping and latex collection
can be attached to this and can be utilized to improve the efficiency and reduce the cost of
production of natural rubber. This approach though a novel one is still conceptual, which
may be achievable in the near future. The proposed system with a wide variety of sensors
and robotics would increase the cost of the actual product which in the current economy
would burden the farmer.
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2.2 Proposed design
The proposed design i.e. ‘Automated Rubber Tapering Machine’ aims to bring
automation in the rubber tapping industry. The process of tapping is completely automatic
thereby eliminating the need of manual tappers. The device consists of a tapering blade,
whose movement is controlled by 2 DC geared motors. The combined horizontal and
vertical movement of the motors makes a downward half spiral incision on the rubber tree
trunk. With the real-time clock, we make the incision making process automated. In this
approach, the problem of workers is solved as well as higher latex collection is made by
early morning tapping by the device.
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CHAPTER 3

SYSTEM OVERVIEW
3.1 Block Diagram Description
The block diagram includes following parts

Fig 3.1: Block Diagram of Automated Rubber Tapering Machine

3.1.1 Arduino UNO R3 (Atmega328)
Arduino Uno R3 is a microcontroller board based on ATmega328. It has 14 digital
input/output pins, 6 analog inputs, a 16Mhz ceramic resonator, a USB connection, a power
jack, and a reset button. It contains everything needed to support the microcontroller. The
Arduino is programmed for the movement of the vertical and horizontal motors, which in
turn controls the movement of the tapering blade.

3.1.2 Relay Board
The relay board is used here to drive the 2 DC motors. Four relays are used in a
bridge configuration to control the speed and the direction of the 2 DC motors. The relay
is controlled with 5V signal and needs a supply of 12V.
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3.1.3 Vertical Motor
The vertical motor has a 200rpm drive and a base motor drive of 10000rpm.This
is used for the vertical motion of the blade.

3.1.4 Horizontal Motor
The horizontal movement is controlled by a geared DC motor which has a 60rpm
drive and a base motor drive of 6000rpm. This is used for the horizontal motion of the
blade.

3.1.5 Real Time Clock
A real-time clock module is used for time keeping. Also, to set the desired time to
initiate the working of the tapper.

3.1.6 Limit Switch
The limit switch marks the starting and the ending point for the blade movement.

3.1.7 Power Supply
The power supply used here is 12V DC. It is used for the proper functioning of
Arduino UNO R3 (Atmega328) and Relay Board.

3.2 Schematic of the Mechanical Model

Fig 3.2: Schematic of the Mechanical Model
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The schematic model consists of


Motor setup for Vertical and horizontal movement motors.



Spur gears



Threaded Lead Screw



Ball screw



Tapping blade



Blade adjustment rod



Supporting rods
The entire set up of the automated rubber tapering machine is mounted on the rubber

tree with the help of supporting rods and is fastened by a belt. There are 2 spur gears used
with a larger diameter that encloses the tree. This acts as a path for the horizontal movement
of the motor blade. The vertical movement uses a threaded lead screw with guide ways
which is used for the vertical movement of the blade. There is also a blade adjustment rod
that is used to adjust the point of contact of the blade with the tree trunk.
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CHAPTER 4

HARDWARE DESCRIPTION
This chapter deals with all the hardware components used in this project. The
hardware used are listed below along with their specifications and their features.

4.1 Arduino Uno Rev 3

Fig 4.1: Arduino Uno Rev 3 [5].
Arduino Uno is a microcontroller board based on the ATmega328P. It has 14 digital
input/output pins (of which 6 can be used as PWM outputs), 6 analog inputs, a 16 MHz
quartz crystal, a USB connection, a power jack, an ICSP header and a reset button. It
contains everything needed to support the microcontroller; simply connect it to a computer
with a USB cable or power it with an AC-to-DC adapter or battery to get started [5].
Arduino can be used to develop stand-alone interactive objects or can be connected
to software on your computer (e.g. Flash, Processing, MaxMSP). Arduino is an open-source
physical computing platform based on a simple i/o board and a development environment
that implements the Processing/Wiring language.
"Uno" means one in Italian and was chosen to mark the release of Arduino Software
(IDE) 1.0. The Uno board and version 1.0 of Arduino Software (IDE) were the reference
versions of Arduino, now evolved to newer releases. The Uno board is the first in a series
of USB Arduino boards, and the reference model for the Arduino platform
Department of E&C Engineering, VCET, Puttur
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4.1.1 Technical Specifications
Table 4.1: Technical specifications of Arduino Uno Rev 3 [5].
Microcontroller

ATmega328P

Operating Voltage

5V

Input Voltage (recommended)

7-12V

Input Voltage (limit)

6-20V

Digital I/O Pins

4 (of which 6 provide PWM output)

PWM Digital I/O Pins

6

Analog Input Pins

6

DC Current per I/O Pin

20 mA

DC Current for 3.3V Pin

50 mA

Flash Memory

32 KB (ATmega328P)
of which 0.5 KB used by bootloader

SRAM

2 KB (ATmega328P)

EEPROM

1 KB (ATmega328P)

Clock Speed

16 MHz

LED_BUILTIN

13

Length

68.6 mm

Width

53.4 mm

Weight

25 g

4.1.2 Power
The Arduino Uno board can be powered via the USB connection or with an external
power supply. The power source is selected automatically. External (non-USB) power can
come either from an AC-to-DC adapter (wall-wart) or battery. The adapter can be
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connected by plugging a 2.1mm center-positive plug into the board's powerjack. Leads
from a battery can be inserted in the GND and Vin pin headers of the POWER connector.
The board can operate on an external supply from 6 to 20 volts. If supplied with
less than 7V, however, the 5V pin may supply less than five volts and the board may
become unstable. If using more than 12V, the voltage regulator may overheat and damage
the board. The recommended range is 7 to 12 volts.
The power pins are as follows:
 Vin: The input voltage to the Arduino board when it's using an external power source (as

opposed to 5 volts from the USB connection or other regulated power source). You can
supply voltage through this pin, or, if supplying voltage via the power jack, access it
through this pin.
 5V: This pin outputs a regulated 5V from the regulator on the board. The board can be

supplied with power either from the DC power jack (7 - 12V), the USB connector (5V), or
the VIN pin of the board (7-12V). Supplying voltage via the 5V or 3.3V pins bypasses the
regulator, and can damage your board. We don't advise it.
 3V3: A 3.3 volt supply generated by the on-board regulator. Maximum current draw is 50

mA.
 GND: Ground pins.
 IOREF: This pin on the Arduino board provides the voltage reference with which the

microcontroller operates. A properly configured shield can read the IOREF pin voltage and
select the appropriate power source or enable voltage translators on the outputs to work
with the 5V or 3.3V.

4.1.3 Memory
The ATmega328 has 32 KB (with 0.5 KB occupied by the bootloader). It also has
2 KB of SRAM and 1 KB of EEPROM (which can be read and written with the EEPROM
library).

4.1.4 Input and Output
The mapping between Arduino pins and ATmega328P ports are shown in the figure.
The mapping for the Atmega8, 168, and 328 is identical.
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Fig 4.2: Pin mapping of Atmega328 with Arduino Uno R3 [5].
Each of the 14 digital pins on the Uno can be used as an input or output, using pin
Mode(), digital Write(), and digital Read() functions. They operate at 5 volts. Each pin can
provide or receive 20 mA as recommended operating condition and has an internal pull-up
resistor (disconnected by default) of 20-50k ohm. A maximum of 40mA is the value that
must not be exceeded on any I/O pin to avoid permanent damage to the microcontroller.

Fig 4.3: Arduino Uno Rev 3 parts labelled [5].
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In addition, some pins have specialized functions:
 Serial: 0 (RX) and 1 (TX). Used to receive (RX) and transmit (TX) TTL serial data. These

pins are connected to the corresponding pins of the ATmega8U2 USB-to-TTL Serial chip.
 External Interrupts: 2 and 3. These pins can be configured to trigger an interrupt on a low

value, a rising or falling edge, or a change in value. See the attach Interrupt () function for
details.
 PWM: 3, 5, 6, 9, 10, and 11. Provide 8-bit PWM output with the analog Write () function.
 SPI: 10 (SS), 11 (MOSI), 12 (MISO), 13 (SCK). These pins support SPI communication

using the SPI library.
 LED: 13. There is a built-in LED driven by digital pin 13. When the pin is HIGH value,

the LED is on, when the pin is LOW, it's off.
 TWI: A4 or SDA pin and A5 or SCL pin. Support TWI communication using the Wire

library.
The Uno has 6 analog inputs, labelled A0 through A5, each of which provide 10
bits of resolution (i.e. 1024 different values). By default they measure from ground to 5
volts, though is it possible to change the upper end of their range using the AREF pin and
the analog Reference () function.
There are a couple of other pins on the board:
 AREF. Reference voltage for the analog inputs. Used with analog Reference ().
 Reset. Bring this line LOW to reset the microcontroller. Typically used to add a reset button

to shields which block the one on the board.

4.1.5 Communication
Arduino Uno has a number of facilities for communicating with a computer, another
Arduino board, or other microcontrollers. The ATmega328 provides UART TTL (5V)
serial communication, which is available on digital pins 0 (RX) and 1 (TX). An
ATmega16U2 on the board channels this serial communication over USB and appears as a
virtual com port to software on the computer. The 16U2 firmware uses the standard USB
COM drivers, and no external driver is needed. However, on Windows, a .inf file is
required. The Arduino Software (IDE) includes a serial monitor which allows simple
textual data to be sent to and from the board. The RX and TX LEDs on the board will flash
when data is being transmitted via the USB-to-serial chip and USB connection to the
computer (but not for serial communication on pins 0 and 1). A Software Serial
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library allows serial communication on any of the Uno's digital pins. The ATmega328 also
supports I2C (TWI) and SPI communication. The Arduino Software (IDE) includes a Wire
library to simplify use of the I2C bus. For SPI communication, use the SPI library.

4.2 Real Time Clock DS3231
The DS3231 is a low-cost, extremely accurate I2C real-time clock (RTC) with an
integrated temperature-compensated crystal oscillator (TCXO) and crystal. The device
incorporates a battery input, and maintains accurate timekeeping when main power to the
device is interrupted. The integration of the crystal resonator enhances the long-term
accuracy of the device as well as reduces the piece-part count in a manufacturing line. The
DS3231 is available in commercial and industrial temperature ranges, and is offered in a
16-pin, 300-mil SO package [6].
The RTC maintains seconds, minutes, hours, day, date, month, and year
information. The date at the end of the month is automatically adjusted for months with
fewer than 31 days, including corrections for leap year. The clock operates in either the 24hour or 12-hour format with an AM/PM indicator. Two programmable time-of-day alarms
and a programmable square-wave output are provided. Address and data are transferred
serially through an I2C bidirectional bus.
A precision temperature-compensated voltage reference and comparator circuit
monitors the status of VCC to detect power failures, to provide a reset output, and to
automatically switch to the backup supply when necessary. Additionally, the RST pin is
monitored as a pushbutton input for generating a μP reset.

4.2.1 Features of RTC
Highly Accurate RTC Completely Manages All Timekeeping Functions


Real-Time Clock Counts Seconds, Minutes, Hours, Date of the Month, Month,
Day of the Week, and Year, with Leap-Year Compensation Valid Up to 2100.



Accuracy ±2ppm from 0°C to +40°C



Accuracy ±3.5ppm from -40°C to +85°C



Digital Temp Sensor Output: ±3°C Accuracy



Register for Aging Trim



RST Output/Pushbutton Reset Debounce Input



Two Time-of-Day Alarms



Programmable Square-Wave Output Signal
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Simple Serial Interface Connects to Most Microcontrollers



Fast (400kHz) I²C Interface



Battery-Backup Input for Continuous Timekeeping



Low Power Operation Extends Battery-Backup Run Time



3.3V Operation



Operating Temperature Ranges:



Commercial (0°C to +70°C) and Industrial (-40°C to +85°C)

4.2.2 Typical Operating Circuit

Fig 4.4: Typical operating circuit of RTC DS3231[6].

4.2.3 PIN Description
Table 4.2: Pin Description of RTC [6].
PIN

NAME

FUNCTION

32kHz Output. This open-drain pin requires an external
1

32kHz

pullup resistor. When enabled, the output operates on either
power supply. It may be left open if not used.
DC Power Pin for Primary Power Supply. This pin should

2

VCC

be decoupled using a 0.1μF to 1.0μF capacitor. If not used,
connect to ground.
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Active-Low Interrupt or Square-Wave Output. This opendrain pin requires an external pullup resistor connected to a
supply at 5.5V or less. This multifunction pin is determined
by the state of the INTCN bit in the Control Register (0Eh).
When INTCN is set to logic 0, this pin outputs a square
wave and its frequency is determined by RS2 and RS1 bits.
INT/SQW

When INTCN is set to logic 1, then a match between the
timekeeping registers and either of the alarm registers
activates the INT/SQW pin (if the alarm is enabled).

3

Because the INTCN bit is set to logic 1 when power is first
applied, the pin defaults to an interrupt output with alarms
disabled. The pullup voltage can be up to 5.5V, regardless
of the voltage on VCC. If not used, this pin can be left
unconnected.
Active-Low Reset. This pin is an open-drain input/output. It
indicates the status of VCC relative to theVPF specification.
As VCC falls below VPF, the RST pin is driven low. When
VCC exceeds VPF, for tRST, the RST pin is pulled high by
RST

the internal pullup resistor. The active-low, open-drain
output is combined with a debounced pushbutton input

4

function. This pin can be activated by a pushbutton reset
request. It has an internal 50kΩ nominal value pullup
resistor to VCC. No external pullup resistors should be
connected. If the oscillator is disabled, tREC is bypassed
and RST immediately goes high.

5–12

N.C.

No Connection. Must be connected to ground.

13

GND

Ground

14

VBAT

Backup Power-Supply Input. When using the device with
the VBAT input as the primary power source, this pin
should be decoupled using a 0.1μF to 1.0μF low-leakage
capacitor. When using the device with the VBAT input as
the backup power source, the capacitor is not required. If
VBAT is not used, connect to ground. The device is UL
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recognized to ensure against reverse charging when used
with a primary lithium battery.
15

SDA

Serial Data Input/Output. This pin is the data input/output
for the I2C serial interface. This open-drain pin requires an
external pullup resistor. The pullup voltage can be up to
5.5V, regardless of the voltage on VCC.

16

SCL

Serial Clock Input. This pin is the clock input for the I2C
serial interface and is used to synchronize data movement
on the serial interface. Up to 5.5V can be used for this pin,
regardless of the voltage on VCC.

4.2.4 Clock and Calendar
The time and calendar information is obtained by reading the appropriate register
bytes. Figure 4.4 illustrates the RTC registers. The time and calendar data are set or
initialized by writing the appropriate register bytes. The contents of the time and calendar
registers are in the binary-coded decimal (BCD) format. The DS3231 can be run in either
12-hour or 24-hour mode. Bit 6 of the hours register is defined as the 12- or 24-hour mode
select bit. When high, the 12-hour mode is selected. In the 12-hour mode, bit 5 is the
AM/PM bit with logic-high being PM. In the 24-hour mode, bit 5 is the 20-hour bit (20–23
hours). The century bit (bit 7 of the month register) is toggled when the years register
overflows from 99 to 00.
The day-of-week register increments at midnight. Values that correspond to the day
of week are user-defined but must be sequential (i.e., if 1 equals Sunday, then 2 equals
Monday, and so on). Illogical time and date entries result in undefined operation.
When reading or writing the time and date registers, secondary (user) buffers are
used to prevent errors when the internal registers update. When reading the time and date
registers, the user buffers are synchronized to the internal registers on any START and
when the register pointer rolls over to zero. The time information is read from these
secondary registers, while the clock continues to run. This eliminates the need to reread the
registers in case the main registers update during a read.
The countdown chain is reset whenever the seconds register is written. Write
transfers occur on the acknowledgement from the DS3231. Once the countdown chain is
reset, to avoid rollover issues the remaining time and date registers must be written within
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1 second. The 1Hz square-wave output, if enabled, transitions high 500ms after the seconds
data transfer, provided the oscillator is already running.

4.3 Limit Switch
A limit switch is a switch operated by the motion of a machine part or presence of
an object. They are used for controlling machinery as part of a control system, as a
safety interlocks, or to count objects passing a point. A limit switch is an electromechanical
device that consists of an actuator mechanically linked to a set of contacts. When an object
comes into contact with the actuator, the device operates the contacts to make or break an
electrical connection.
Limit switches are used in a variety of applications and environments because of
their ruggedness, ease of installation, and reliability of operation. They can determine the
presence or absence, passing, positioning, and end of travel of an object. They were first
used to define the limit of travel of an object; hence the name "Limit Switch".
Standardized limit switches are industrial control components manufactured with a
variety of operator types, including lever, roller plunger, and whisker type. Limit switches
may be directly mechanically operated by the motion of the operating lever. A reed
switch may be used to indicate proximity of a magnet mounted on some moving
part. Proximity switches operate by the disturbance of an electromagnetic field, by
capacitance, or by sensing a magnetic field.
Rarely, a final operating device such as a lamp or solenoid valve will be directly
controlled by the contacts of an industrial limit switch, but more typically the limit switch
will be wired through a control relay, a motor contactor control circuit, or as an input to
a programmable logic controller.
Miniature snap-action switch may be used for example as components of such
devices as photocopiers, computer printers, convertible tops or microwave ovens to ensure
internal components are in the correct position for operation and to prevent operation when
access doors are opened. A set of adjustable limit switches are installed on a garage door
opener to shut off the motor when the door has reached the fully raised or fully lowered
position. A numerical control machine such as a lathe will have limit switches to identify
maximum limits for machine parts or to provide a known reference point for incremental
motions.
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4.4 Relay
A relay is an electrically operated switch. Many relays use an electromagnet to
mechanically operate a switch, but other operating principles are also used, such as solidstate relays. Relays are used where it is necessary to control a circuit by a separate lowpower signal, or where several circuits must be controlled by one signal. The first relays
were used in long distance telegraph circuits as amplifiers: they repeated the signal coming
in from one circuit and re-transmitted it on another circuit. Relays were used extensively in
telephone exchanges and early computers to perform logical operations.
A type of relay that can handle the high power required to directly control an electric
motor or other loads is called a contactor. Solid-state relays control power circuits with
no moving parts, instead using a semiconductor device to perform switching. Relays with
calibrated operating characteristics and sometimes multiple operating coils are used to
protect electrical circuits from overload or faults; in modern electric power systems these
functions are performed by digital instruments still called "protective relays".
Magnetic latching relays require one pulse of coil power to move their contacts in
one direction, and another, redirected pulse to move them back. Repeated pulses from the
same input have no effect. Magnetic latching relays are useful in applications where
interrupted power should not be able to transition the contacts.
Magnetic latching relays can have either single or dual coils. On a single coil device,
the relay will operate in one direction when power is applied with one polarity, and will
reset when the polarity is reversed. On a dual coil device, when polarized voltage is applied
to the reset coil the contacts will transition. AC controlled magnetic latch relays have single
coils that employ steering diodes to differentiate between operate and reset commands.

4.5 Relay Driver (ULN2803APG)
The ULN2803APG / AFWG Series are high−voltage, high−current darlington
drivers comprised of eight NPN darlington pairs. All units feature integral clamp diodes for
switching inductive loads. Applications include relay, hammer, lamp and display (LED)
drivers.

4.5.1 Features


Output current (single output)500 mA (max)



High sustaining voltage output 50 V (min)



Output clamp diodes



Inputs compatible with various types of logic.
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4.5.2 PIN Functions
Table 4.3: Pin Functions of Relay Driver (ULN2803APG) [7].
PIN

Type

NAME

NO.

1B

1

2B

2

3B

3

4B

4

5B

5

6B

6

7B

7

8B

8

1C

18

I

Description

Channel 1 through 8 Darlington base
input.

Channel 1 through 8 Darlington
2C

17

O

collector output Channel 1 through 8
Darlington base input.

3C

16
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4C

15

5C

14

6C

13

7C

12

8C

11

GND

9

_

COM

10

I/O

2016-2017

Common emitter shared by all
channels (typically tied to ground)
Common cathode node for flyback
diodes (required for inductive loads)

4.6 DC Geared Motors
A DC motor comes under a class of rotary electrical machines that converts direct
current electrical energy into mechanical energy. The most common types rely on the forces
produced by magnetic fields. Nearly all types of DC motors have some internal mechanism,
either electromechanical or electronic, to periodically change the direction of current flow
in part of the motor.
A DC Motor runs on direct current (DC) electricity. In this the torque is produced
by the principle of Lorentz force, which states that any current carrying conductor placed
within an external magnetic field experiences a torque or force known as Lorentz force. DC
motors consists of rotor-mounted windings (armature) and stationary windings (field
poles). In all DC motors, except permanent magnet motors, Current must be conducted to
the armature windings by passing current through carbon brushes that slide over a set of
copper surfaces called commutator, which is mounted on the rotor. The commutator bars
are soldered to the armature coils.
The commutator combination makes a sliding switch that energizes particular
portions of the armature, based on the position of the rotor. This process creates north and
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south magnetic poles on the rotor that are attracted to or repelled by north and south poles
on the stator, which are formed by passing direct current through the field windings. It is
this magnetic attraction and repulsion that causes the rotor to rotate.
Geared DC motors can be defined as an extension of DC motors. A geared DC
Motor has a gear assembly attached to the motor. The speed of motor is counted in terms
of rotations of the shaft per minute and is termed as RPM .The gear assembly helps in
increasing the torque and reducing the speed. Using the correct combination of gears in a
gear motor, its speed can be reduced to any desirable amount. This concept where gears
reduce the speed of the vehicle but increase its torque is known as gear reduction. This
Insight will explore all the minor and major details that make the gear head and hence the
working of geared DC motor.
The DC motor works over a fair range of voltage. The higher the input voltage more
is the RPM (rotations per minute) of the motor. The working of the gears can be explained
by the principle of conservation of angular momentum. The gear having smaller radius will
cover more RPM than the one with larger radius. However, the larger gear will give more
torque to the smaller gear than vice versa. The comparison of angular velocity between
input gear (the one that transfers energy) to output gear gives the gear ratio. When multiple
gears are connected together, conservation of energy is also followed. The direction in
which the other gear rotates is always the opposite of the gear adjacent to it.
In any DC motor, RPM and torque are inversely proportional. Hence the gear
having more torque will provide a lesser RPM and converse. In a geared DC motor, the
concept of pulse width modulation is applied. The gear connecting the motor and the gear
head is quite small, hence it transfers more speed to the larger teeth part of the gear head
and makes it rotate. The larger part of the gear further turns the smaller duplex part. The
small duplex part receives the torque but not the speed from its predecessor which it
transfers to larger part of other gear and so on. The third gear’s duplex part has more teeth
than others and hence it transfers more torque to the gear that is connected to the shaft.
There are 2 DC geared motors used for horizontal and vertical movement of the
tapering blade.

4.6.1 Motor used for the horizontal movement
For the horizontal movement of the tapering blade a Geared DC motor of 60 rpm is
used with a 6000-rpm base motor drive. This is gear box assembled High torque heavy duty
DC Gear Motor for bigger robots / motion systems. Drive shaft is supported from with
metal bushes, it has sturdy design with gear box made to hold stall torque produced.
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Fig 4.5: Geared DC motor with 60rpm at 12V.
The specifications of the motor are


60 RPM 12V DC Motor with Gear Box



6000 RPM base motor drive



Heavy Duty Metal Gears



Stall Torque: 60 Kg/cm at stall current 4.8A



Shaft diameter: 8mm



Shaft length: 30mm



Gear: metal Spur, Squared gear box assembly



Weight: 450gm

4.6.2 Motor used for vertical movement
For the vertical movement of the tapering blade a geared DC motor of 200 RPM is
used with a base motor drive of 10000 RPM. High performance DC geared motor with
metal gear box used for high torque application and other automation purposes. The motor
comes with 6mm off-centred shaft (side shaft) and M3 holes for mounting. It is different
from the regular motors for its very high reliability (mainly of its gears) and the shaft length
of 29mm (comes with a hole on the shaft).
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Fig 4.6: Geared DC motor with 200rpm at 12V.
The specifications of the motor are as below


RPM: 200 rpm at 12V



Base motor drive of 10000 RPM



Voltage: 4V to 12V



Stall Torque: 10kg/cm



Gear: Metal (spur)



Shaft size: 6mm diameter



Shaft length: 29mm (comes with a hole on the shaft for mounting wheels)



Motor weight: 180gms

4.7 Lead Screw
A lead screw (or lead screw), also known as a power screw or translation screw, is
a screw used as a linkage in a machine, to translate turning motion into linear motion.
Because of the large area of sliding contact between their male and female members, screw
threads have larger frictional energy losses compared to other linkages. They are not
typically used to carry high power, but more for intermittent use in low power actuator and
positioner mechanisms. Common applications are linear actuators, machine slides (such as
in machine tools), vises, presses, and jacks.
Lead screws are manufactured in the same way as other thread forms (they may
be rolled, cut, or ground). A lead screw is sometimes used with a split nut also called half
nut which allows the nut to be disengaged from the threads and moved axially,
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independently of the screw's rotation, when needed (such as in single-point threading on a
manual lathe).

4.7.1 Square Thread Form
The square thread form is a common screw thread form, used in high load
applications such as lead screws and jackscrews. It gets its name from the square crosssection of the thread. It is the lowest friction and most efficient thread form, but it is difficult
to fabricate.

4.8 Gear

Fig 4.7: Schematic of a gear.
A gear or cogwheel is a rotating machine part having cut teeth, or cogs, which
mesh with another toothed part to transmit torque. Geared devices can change the speed,
torque, and direction of a power source. Gears almost always produce a change in torque,
creating a mechanical advantage, through their gear ratio, and thus may be considered
a simple machine. The teeth on the two meshing gears all have the same shape. Two or
more meshing gears, working in a sequence, are called a gear train or a transmission. A
gear

can

mesh

with

a

linear

toothed

part,

called

a

rack,

thereby

producing translation instead of rotation.
The gears in a transmission are analogous to the wheels in a crossed,
belt pulley system. An advantage of gears is that the teeth of a gear prevent slippage.
When two gears mesh, if one gear is bigger than the other, a mechanical advantage
is produced, with the rotational speeds, and the torques, of the two gears differing in
proportion to their diameters.
In transmissions with multiple gear ratios—such as bicycles, motorcycles, and
cars—the term "gear" as in "first gear" refers to a gear ratio rather than an actual physical
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gear. The term describes similar devices, even when the gear ratio is continuous rather
than discrete, or when the device does not actually contain gears, as in a continuously
variable transmission.

4.8.1 Spur gears
Spur gears or straight-cut gears are the simplest type of gear. They consist of a
cylinder or disk with teeth projecting radially. Though the teeth are not straight-sided (but
usually of special form to achieve a constant drive ratio, mainly involute but less
commonly cycloid), the edge of each tooth is straight and aligned parallel to the axis of
rotation. These gears mesh together correctly only if fitted to parallel shafts. No axial thrust
is created by the tooth loads. Spur gears are excellent at moderate speeds but tend to be
noisy at high speeds.
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CHAPTER 5

SOFTWARE DESCRIPTION
5.1 Programming Using Arduino IDE
The open-source Arduino Software (1DE) makes it easy to write code and upload
it to the board. It runs on Windows, Mac OS X, Linux. The environment is written in java
and based on processing and other open-source software.
This IDE (Integrated Development Environment) is part of Arduino Create, an
online platform that enables makers to write code, access tutorials, configure boards, and
share projects. Designed to provide users with a continuous workflow.

Fig 5.1: Program written on Arduino IDE.
The Arduino Uno can be programmed with the Arduino software.Select "Arduino
Uno from the Tools > Board menu (according to the microcontroller on board).
The ATmega328 on the Arduino Uno comes pre-burned with a bootloader that
allows us to upload new code to it without the use of an external hardware programmer. It
communicates using the original STK500 protocol. We can also bypass the bootloader and
program the microcontroller through the ICSP (In-Circuit Serial Programming) header.
The ATmega16U2 (or 8U2 in the rev1 and rev2 boards) firmware source code is available.
The ATmega16U2/8U2 is loaded with a DFU bootloader, which can be activated by:
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On Rev1 boards: connecting the solder jumper on the back of the board (near the
map of Italy) and then resetting the 8U2.



On Rev2 or later boards: there is a resistor that pulling the 8U2/16U2 HWB line to
ground, making it easier to put into DFU mode.

5.1.1 Automatic (Software) Reset
Rather than requiring a physical press of the reset button before an upload, the
Arduino Uno board is designed in a way that allows it to be reset by software running on a
connected computer. One of the hardware flow control lines (DTR) of the
ATmega8U2/16U2 is connected to the reset line of the ATmega328 via a 100 nanofarad
capacitor. When this line is asserted (taken low), the reset line drops long enough to reset
the chip. The Arduino Software (IDE) uses this capability to allow you to upload code by
simply pressing the upload button in the interface toolbar. This means that the boot loader
can have a shorter timeout, as the lowering of DTR can be well-coordinated with the start
of the upload.


This setup has other implications. When the Uno is connected to either a computer
running Mac OS X or Linux, it resets each time a connection is made to it from
software (via USB). For the following half-second or so, the boot loader is running
on the Uno. While it is programmed to ignore malformed data (i.e. anything besides
an upload of new code), it will intercept the first few bytes of data sent to the board
after a connection is opened. If a sketch running on the board receives one-time
configuration or other data when it first starts, make sure that the software with
which it communicates waits a second after opening the connection and before
sending this data.



The Uno board contains a trace that can be cut to disable the auto-reset. The pads
on either side of the trace can be soldered together to re-enable it. It's labelled
"RESET-EN". You may also be able to disable the auto-reset by connecting a 110ohm resistor from 5V to the reset line.

5.2 Mechanical Design using CREO PRO Software
PTC Creo, formerly known as Pro/ENGINEER is a parametric, integrated 3D
CAD/CAM/CAE solution created by Parametric Technology Corporation (PTC). It was the
first to market with parametric, feature-based, associative solid modelling software. Creo is
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a family or suite of design software supporting product design for discrete manufacturers
and is developed by PTC. The suite consists of apps, each delivering a distinct set of
capabilities for a user role within product development. Creo runs on Microsoft
Windows and provides apps for 3D CAD parametric feature solid modelling, 3D direct
modelling, 2D orthographic views, Finite Element Analysis and simulation, schematic
design, technical illustrations, and viewing and visualization. It is a complete suite of
concept design, 2D, 3D, simulation & analysis engineering software. What is unique about
Creo is that it has taken into account how product design and development is done in
modern days, using diverse tools, with the participation of people of a variety of skills,
from different geographical locations.

Fig 5.2: The frame structure along with gears.
Creo Elements/Pro offers a range of tools to enable the generation of a complete
digital representation of the product being designed. In addition to the general geometry
tools there is also the ability to generate geometry of other integrated design disciplines
such as industrial and standard pipe work and complete wiring definitions. Tools are also
available to support collaborative development.
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Fig 5.3: The motor and blade placement design.
A 3D model is first developed using Creo Pro E software. At the first stage, all the
components are individually designed according to their specifications. In the figure 5.3
the external support frame is designed first, then the motor and the blade placement
apparatus. These are assembled and constructed into a 3D model as designed. The
completed 3D model is as shown in the figure 5.4.

Fig 5.4:

Final 3D CAD design of Automated Rubber Tapering Machine.
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CHAPTER 6

WORKING PRINCIPLE
6.1 Circuit Diagram

Fig 6.1: Circuit diagram of Automated Rubber Tapering Machine

The main goal of the Automated Rubber Tapering machine is to make an incision
on the rubber tree every alternate day. For this purpose, we have used a Real-Time Clock.
Using which when an alarm is set the tapering process is started automatically. The
connections are shown in the figure 6.1.
The Arduino Uno R3 is the microcontroller used in this device. It is the heart of the
device. The Arduino is interfaced with the RTC, the Relays and the 2 geared DC motors
using the relay driver IC. It is programmed using the Arduino IDE. The functions specified
by the programs include generation PWM signals for the motor speed control and also to
match the analog time signals from the RTC to switch on the device at the set time.
The SCL and SDA Pins of the RTC are connected to the Analog Pins A5 & A4 of
the Arduino. The RTC maintains the Time. It has a backup battery, where in if it loses
external power it could still maintain the clock accurately. We can set an alarm by
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programming the Arduino. Say if we need to set an alarm at 4 A.M. for the automatic rubber
tapering machine to make an incision on the tree trunk, the same is programmed into the
Arduino. The Arduino Compares the time at which the alarm is set with that of the time
maintained from the RTC. When both the time is matched then the device is turned on.
There are 2 Limit Switches used, which helps to determine the end points for the
motor movements. Also helps to switch states of the motors. Initially the blade is in its
default positions i.e. the top left corner of the tapering area.
The Arduino is connected to the relays using the relay driver ULN2803. The relay
driver is used to control the relay. The relay driver gets its control signal from the Arduino
which is of 5V. The digital pins from the Arduino i.e. D8,D9,D10,D11 is connected to the
input pins I5, I6,I7 and I8.
The output pins from the Relay Driver i.e. O5, O6,O7,O8 are connected to the relays
1,3,2,4 respectively. A relay is an electromechanical switch which controls the power
supply to the motor. The relays R1 and R3 are connected to H-motor which is responsible
for the horizontal movement of the tapering blade. The relays R2 & R4 are connected to
V-motor which is responsible for the vertical movement of the blade. The combined
movement of the 2 motors gives a downward half spiral movement of the blade along the
tree trunk. The relays are in H bridge configuration through which the direction is
controlled. The speed of the DC motors is controlled using PWM techniques.

6.2 Flow Chart
The Flow of the program is explained with the following steps.
1.

The RTC is initialization is done. The RTC sends the Arduino the time information
as an analog signal.

2.

Comparison is made between the actual time and the pre-set time.

3.

If the two times don’t match then repeat the previous step.

4.

If the two times matches then run the vertical motor clockwise for 1 second.

5.

Run both motors i.e. vertical movement motor in clockwise direction and horizontal
movement motor in anti-clockwise direction.

6.

Check if the right limit switch is ON.

7.

If it is in OFF state continue with the Step 5.

8.

If the right limit switch is ON, then turn both the motors OFF.

9.

Turn ON the Vertical movement motor for 500ms.
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Run both motors i.e. vertical movement motor in anti-clockwise direction and
horizontal movement motor in clockwise direction.

11.

Check if the left limit switch is ON.

12.

If it is in OFF state continue with the Step 10.

13.

If it is ON then the control will flow to Step 2

Fig 6.2: Flow chart for the Arduino Program
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CHAPTER 7

RESULT
The Automated Rubber Tapering Machine is fixed to the rubber tree and the device
operation is performed. The results were up to the expectations.
A highly skilled labour needs about 40 seconds to tap a tree, whereas the machine
could do it in 20-30 seconds. By installing the machine on every single rubber tree in the
farm, the entire tapping process could be done within minutes. A manual labour takes hours
to complete the same job.
The flow of latex is maximum during early mornings i.e. from 3A.M. to 6A.M.
Tapping using the automated rubber tapering machine yields maximum latex as the
machine could be turned on as early in the morning as desired using the RTC.
Figure 7.1 below shows the prototype model of automated rubber tapering machine
fitted to a rubber tree and the tapered bark of the rubber tree.

Fig 7.1: Automated rubber tapper fitted to the rubber tree and Tapered bark of the
rubber tree.

Department of E&C Engineering, VCET, Puttur

35

CHAPTER 8
CONCLUSION AND FUTURE WORK

Automated Rubber Tapering Machine

2016-2017

CHAPTER 8

CONCLUSION AND FUTURE WORK
At present the Agricultural sector is facing a shortage of manual labour than any
other sectors in the world. As agriculturists form the backbone of our nation, it is of utmost
importance that proper tools be supplied to them to overcome any obstacles that they face.
The only solution for this is the application of economically balanced technology in those
areas.
The “Automated Rubber Tapering Machine” designed here is one such application
of technology in the field of rubber tapping where it requires highly skilled rubber tapper.
It simplifies and automates the whole process of rubber tapping. The device is more reliable
than manual workers. The amount of latex collected during the tapping process done using
the device will be more than the tapping done conventionally.
The prototype developed here would be a milestone for further research and
development in the field of rubber tapping. The next iteration of the device would be
designed to make it light weight, economically feasible for implementation on large scale
in rubber farms & to make it endure the environmental conditions of the farm to last long.
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Project Setup

Working Prototype Model

ULN2803,04APG/AFWG
TOSHIBA Bipolar Digital Integrated Circuit

Silicon Monolithic

ULN2803APG,ULN2803AFWG,ULN2804APG,ULN2804AFWG
(Manufactured by Toshiba Malaysia)
8ch Darlington Sink Driver
The ULN2803APG / AFWG Series are high−voltage,
high−current darlington drivers comprised of eight NPN
darlington pairs.
All units feature integral clamp diodes for switching inductive
loads.
Applications include relay, hammer, lamp and display (LED)
drivers.

ULN2803APG
ULN2804APG

Features
z Output current (single output)
500 mA (max)

ULN2803AFWG
ULN2804AFWG

z High sustaining voltage output
50 V (min)
z Output clamp diodes
z Inputs compatible with various types of logic.
z Package Type−APG

: DIP−18pin

z Package Type−AFWG

: SOL−18pin
Weight
DIP18−P−300−2.54F : 1.478 g (Typ.)
SOL18−P−300−1.27 : 0.48 g (Typ.)

Pin Connection (top view)
Input Base
Resistor

Designation

ULN2803APG / AFWG

2.7 kΩ

TTL, 5 V CMOS

ULN2804APG / AFWG

10.5 kΩ

6~15 V PMOS, CMOS

Type

1

2010-12-03

ULN2803,04APG/AFWG
Schematics (each driver)
ULN2803APG / AFWG

Note:

ULN2804APG / AFWG

The input and output parasitic diodes cannot be used as clamp diodes.

Absolute Maximum Ratings (Ta = 25°C)
Characteristic
Output sustaining voltage

Symbol

Rating

Unit

VCE (SUS)

−0.5 to 50

V

Output current

IOUT

500

mA / ch

Input voltage

VIN

−0.5 to 30

V

Clamp diode reverse voltage

VR

50

V

Clamp diode forward current

IF

500

mA

Power dissipation

APG
AFWG

PD

1.47
0.92 / 1.31 (Note)

W

Operating temperature

Topr

−40 to 85

°C

Storage temperature

Tstg

−55 to 150

°C

Note:

On Glass Epoxy PCB (75 × 114 × 1.6 mm Cu 20%)

2

2010-12-03

ULN2803,04APG/AFWG
Recommended Operating Conditions (Ta = −40~85°C)
Characteristic
Output sustaining voltage

Symbol

IOUT
AFWG

Input voltage
Input voltage
(Output on)

Min

Typ.

Max

Unit

0

―

50

V

tpw = 25 ms, Duty = 10%,
8 Circuits

0

―

347

tpw = 25 ms, Duty = 50%,
8 Circuits

0

―

123

tpw = 25 ms, Duty = 10%,
8 Circuits

0

―

268

tpw = 25 ms, Duty = 50%,
8 Circuits

0

―

90

0

―

30

3.5

―

30

8

―

30

VCE (SUS)

APG
Output current

Test Condition

VIN
ULN2803A
ULN2804A

VIN (ON)

mA /
ch

V
V

Clamp diode reverse voltage

VR

―

―

50

V

Clamp diode forward current

IF

―

―

400

mA

―

―

0.76

―

―

0.48

Power dissipation

Note:

APG
AFWG

PD

Ta = 85°C
Ta = 85°C

(Note)

W

On Glass Epoxy PCB (75 × 114 × 1.6 mm Cu 20%)

3
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ULN2803,04APG/AFWG
Electrical Characteristics (Ta = 25°C)
Characteristic

Output leakage current

Symbol

Test
Cir−
Cuit

ICEX

1

ULN2804A

Collector−emitter saturation voltage

VCE (sat)

2

ULN2803A
Input current

ULN2804A

IIN (ON)

IIN (OFF)

2

4

ULN2803A
Input voltage
(Output on)

VIN (ON)

5

ULN2804A

DC current transfer ratio

hFE

2

Clamp diode reverse current

IR

6

Clamp diode forward voltage

VF

7

Input capacitance

CIN

―

Turn−on delay

tON

Turn−off delay

tOFF

Note:

8

Test Condition

Min

Typ.

Max

VCE = 50 V

Ta = 25°C

―

―

50

VCE = 50 V

Ta = 85°C

―

―

100

VCE = 50 V

VIN = 1 V

―

―

500

IOUT = 350 mA, IIN = 500 μA

―

1.3

1.6

IOUT = 200 mA, IIN = 350 μA

―

1.1

1.3

IOUT = 100 mA, IIN = 250 μA

―

0.9

1.1

VIN = 3.85 V

―

0.93

1.35

VIN = 5 V

―

0.35

0.5

VIN = 12 V

―

1.0

1.45

IOUT = 500 μA, Ta = 85°C

50

65

―

VCE = 2 V, IOUT = 200 mA

―

―

2.4

VCE = 2 V, IOUT = 250 mA

―

―

2.7

VCE = 2 V, IOUT = 300 mA

―

―

3.0

VCE = 2 V, IOUT = 125 mA

―

―

5.0

VCE = 2 V, IOUT = 200 mA

―

―

6.0

VCE = 2 V, IOUT = 275 mA

―

―

7.0

VCE = 2 V, IOUT = 350 mA

―

―

8.0

VCE = 2 V, IOUT = 350 mA

1000

―

―

Unit

μA

V

mA

μA

V

Ta = 25°C

(Note)

―

―

50

Ta = 85°C

(Note)

―

―

100

―

―

2.0

V

―

15

―

pF

RL = 125 Ω, VOUT = 50 V

―

0.1

―

RL = 125 Ω, VOUT = 50 V

―

0.2

―

IF = 350 mA

μA

μs

VR = VR (max)

4
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ULN2803,04APG/AFWG
Test Circuit
1.

ICEX

2.

VCE (sat), hFE

3.

IIN (ON)

4.

IIN (OFF)

5.

VIN (ON)

6.

IR

7.

VF

5

2010-12-03

ULN2803,04APG/AFWG
8.

tON, tOFF

Note 1: Pulse Width 50 μs, Duty Cycle 10%
Output Impedance 50 Ω, tr ≤ 5 ns, tf ≤ 10 ns
Note 2: See below.
Input Condition
Type Number

R1

VIH

ULN2803A

0Ω

3V

ULN2804A

0Ω

8V

Note 3: CL includes probe and jig capacitance

Precautions for Using
This IC does not integrate protection circuits such as overcurrent and overvoltage protectors.
Thus, if excess current or voltage is applied to the IC, the IC may be damaged. Please design the IC so that
excess current or voltage will not be applied to the IC.
Utmost care is necessary in the design of the output line, COMMON and GND line since IC may be destroyed
due to short−circuit between outputs, air contamination fault, or fault by improper grounding.

6
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ULN2803,04APG/AFWG

7
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ULN2803,04APG/AFWG

8
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PCB Relay—JQC-3F(T73)
Order Model
JQC-3F 1C

DC12V
Coil Voltage:3,5,6,9,12,24VDC
Contanct Form:1A 1C
Relay Type

Contact Data
1A,1C
Contact Material

AgCdO

Contact Resistance

≤100MΩ(1A 6VDC)
10A

Rated Load

10A 250VAC/30VDC

Coil Specificaton
Coil Voltage

3~24VDC

Coil Power

0.36W,0.45W

Technical Specification
≥100MΩ(500VDC)
≥1000VAC
≤10ms
≤5ms
1×10

7

1×10 5
PCB
10g

Dimension / Mounting holes / Wiring dragram
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Abstract— Rubber tapping is the process of extraction of
latex from rubber trees. Each night the rubber tapper
must remove a thin layer of bark along a downward half
spiral on the tree trunk. The spiral allows the latex to run
down to a collecting cup. The work is done at night or in
the early morning before the day’s temperature raises, so
the latex will drip longer before coagulating and sealing
the cut. The automated rubber tapering machine designed
here would replace the manual labor required for the
tapping process. Also, the process of tapping could be
started as early in the morning as desired.
Keywords—Natural Rubber; Automatic rubber tree tapping;
tapping blade.

I. INTRODUCTION
Natural rubber is an elastomer that was originally
derived from latex, a milky colloid produced from some
plants. The plants would be ‘tapped’, that is, an incision is
made into the bark of the tree. A sticky, milk colored latex sap
is collected. This is refined into usable rubber. The purified
form of natural rubber is chemical polyisoprene, which can
also be produced synthetically. Natural rubber is used
extensively in many applications and products, as is synthetic
rubber. It is normally very stretchy and flexible and extremely
waterproof. It is used for making innumerable articles ranging
from footwear, sports goods, cushions, insulating material for
cables, and pencil erasers to tiers and tubes. Thus, indirectly,
rubber helps in promoting the system of modern transport and
communication. The rubber tree grows in tropical climates and
is cultivated in many countries. Asia has continued to
dominate the world supply of natural rubber, averaging more
than 90% of total world production. Thailand, Indonesia, and
Malaysia are the top three Rubber producing countries in the
world [3]. Other countries producing rubber are Vietnam,
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Liberia, India, USA, China, Japan etc. India is one among the
top ten rubber producing countries.
Over half of the rubber used today is synthetic, but
several million tons of natural rubber are still produced
annually, and is still essential for some industries, including
automotive and military. In addition to this, natural rubber
now finds extensive use in soil stabilization, in vibration
absorption and in road making. A variety of natural rubber
based engineering products are developed for use in these
fields. Favorable temperature for growing rubber trees should
be around 27°C and should never fall below 22°C.
The main crop from rubber plantation is latex, which
is harvested by the tapping process. Two to three hours after
tapping, the latex collected in the cup is transferred to a clean
bucket. About 70-80 percent of the crop from a rubber
plantation is in the form of latex. The latex which gets
solidified in the tapping panel and the collection cups also
form part of the crop and are collected by the tapper in a
basket just prior to tapping. The latex split and/or overflowed
to the ground (earth scrap) when gets dried up is also collected
as scrap once in a month. These are collectively called
coagulum. Comparing to other crops rubber does not require
much water. It can be grown where there is a scarcity of water
and it is a well-suited plantation crop for hilly region [5].
There is a demand for rubber products all the time, thus there
will be a steady market price for the rubber latex.
II. LITERATURE REVIEW
A. Conventional approach to tapping
In the present-day scenario, the process of tapping is
done manually with the help of laborers. A labourer has to
start the tapering of rubber trees as early as 5 A.M. A typical
rubber farm would consist of about 400-500 rubber trees. A
highly skilled labour would need about 3-4 hours to go
through all the trees in the farm [2]. This tapering process has

Jnana Sangama 2017
to be repeated every alternate day. A labourer is expected to
be paid 2-3 Rupees per day per tree.
B. Drawbacks to conventional approach
•
•
•

Gradual decrease in the availability of skilled labour.
Drastic increase in the cost of skilled labour.
Lesser latex output due to limitations and inefficiency
of manual labour.
III. PROPOSED APPROACH

A. Design objectives
•
•
•
•
•

The rubber tapping process should be completely
automated.
A timer feature to start the tapering process at any
time desired.
The incision depth that is made on the tree trunk
should not go beyond the cambium of the tree.
The path made for the latex to flow by the incision
should have no obstructions [4].
Installation of solar module to the unit would be
energy efficient.

The power supply used here is 12V DC.
The relay board is used here to drive the 2 DC motors.
Four relays are used in a bridge configuration to control the
speed and the direction of the 2 DC motors. The relay is
controlled with 5V signal and needs a supply of 12V.
Two DC motors are used for vertical and horizontal
movement of the tapering blade. The horizontal movement is
controlled by a geared DC motor which has a 60rpm drive and
a base motor drive of 6000rpm. The vertical motor has a
200rpm drive and a base motor drive of 10000rpm.
A real-time clock module is used for time keeping. Also,
to set the desired time to initiate the working of the tapper.
Arduino Uno R3 is a microcontroller board based on
ATmega328 [1]. It has 14 digital input/output pins, 6 analog
inputs, a 16Mhz ceramic resonator, a USB connection, a
power jack, and a reset button. It contains everything needed
to support the microcontroller. The Arduino is programmed
for the movement of the vertical and horizontal motors, which
in turn controls the movement of the tapering blade.
The limit switch marks the starting and the ending point
for the blade movement
IV. RESULTS

B. Methodology
A mechanical model is prepared such a way that it
performs the process automatically. There are mainly two
support structures, vertical rods and circular rods with
geared teeth, which are used to hold the entire device setup
on the rubber tree. Those are fixed to the tree using the
belt. Two dc motors are used to provide two dimensional
movements for the tapping blade. The position of the
tapping blade is precisely controlled by the dc motors
driven by the microcontroller. Figure 1 shows the block
diagram of the automated rubber tapering machine.

Figure 1: Block diagram of automated rubber tapering
machine
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The Automated Rubber Tapering Machine is fixed to the
rubber tree and the device operation is performed. The results
were up to the expectations.
A highly skilled labor needs about 40 seconds to tap a tree,
whereas the machine could do it in 20-30 seconds. By
installing the machine on every single rubber tree in the farm,
the entire tapping process could be done within minutes. A
manual labor takes hours to complete the same job.
The flow of latex is maximum during early mornings i.e.
from 3A.M. to 6A.M. Tapping using the automated rubber
tapering machine yields maximum latex as the machine could
be turned on as early in the morning as desired using the RTC.
Figure 2 shows the prototype model of Automated rubber
tapering machine fitted to a rubber tree. Figure 3 shows the
tapered bark of the tree.

Figure 2: Automated rubber tapper fitted to the rubber tree.
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where it requires highly skilled rubber tapper. It simplifies and
automates the whole process. It can also be operated by
unskilled labor those who do not have much technical
knowledge.
This module will greatly help for the further
innovation and research to overcome the labor problem in
rubber plantations. Further work on the prototype will surely
make it flexible, economical and hence it will boom for the
rubber planters.
The weight and cost of mechanical model can be reduced
by replacing iron rods with aluminum or plastic.
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