
Copyright © 2013 IJECCE, All right reserved
1391

International Journal of Electronics Communication and Computer Engineering
Volume 4, Issue 5, ISSN (Online): 2249–071X, ISSN (Print): 2278–4209

Study of PLC and Its Application in Conveyor Based
Object Sorting

Ankita Chauhan, Gaurav Thakur, Ajay Chauhan,  Ankit Chourasia

Abstract – Automation devices such as controllers and data
systems and/or services Systems and methods are provided
that receive statements or other unit of data interaction from
an automation device, provide the statements to an
appropriate system or service for processing, and optionally
return a response such as a Result set. Furthermore, in
accordance with an aspect of the invention native controller
code, variables, or tags can be mapped to stored data,
procedures or combinations of data and/or procedures and
updated automatically or semi-automatically. A
programmable logic controller (PLC) or programmable
controller is a digital computer used for automation of
electromechanical processes, such as control of machinery on
factory assembly lines, amusement rides, or lighting fixtures.
PLCs are used in many industries and machines. Unlike
general-purpose The subject invention pertains to facilitating
communication between industrial computers, the PLC is
designed for multiple inputs and output arrangements,
extended temperature ranges, immunity to electrical noise,
and resistance to vibration and impact. Programs to control
machine operation are typically stored in battery-backed or
non-volatile memory. A PLC is an example of a real time
system since output results must be produced in response to
input conditions within a bounded time, otherwise
unintended operation will result.
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I. INTRODUCTION

Automation is the use of control systems in concern
with other applications of information technology to
control industrial machinery and processes, reducing the
need for human intervention [3]. Control engineering has
evolved over time. In the past, humans were the main
method for controlling a system. More recently electricity
has been used for control and earlier electrical control was
based on relays. Many control applications do not involve
analog process variables, that is, the ones which can
assume a continuous range of values, but instead variables
that are set valued, that is they only assume values
belonging to a finite set. These control systems operate by
turning on and off switches, motors, valves and other
devices in response to operating conditions and as a
function of time. Such systems are referred to as
sequence/logic control systems. Before the advent of
microprocessors, industrial logic and sequence control
used to be performed using elaborate control panels
containing electromechanical or solid-state relays,
contactors and switches, indicator lamps, mechanical or
electronic timers and counters etc., all hardwired by
complex and elaborate wiring. In fact, for many
applications such control panels are used even today. One

of the main disadvantages of a Relay is that it is a
"mechanical device", that is it has moving parts. Over a
period of time these parts will wear out and fail, or that the
contact resistance through the constant arcing and erosion
may make the relay unusable and it will therefore need to
be replaced. The process for updating such facilities for
the yearly model change-over was very time consuming
and expensive, as electricians needed to individually
rewire each and every relay. Also, they are electrically
noisy with the contacts suffering from contact bounce
which may affect any electronic circuits to which they are
connected. Contact bounce is a problem in applications
where voltage rise needs to be measured such as meters
and counters. Contact bounces make false peaks,
decreasing the reliability of the counter.

II. PLC ARCHITECTURE

The Programmable Logic Controller (PLC) is
essentially a microprocessor-based real-time computing
system that often has to handle significant I/O and
Communication activities, bit oriented computing, as well
as normal floating point arithmetic. In essence, a PLC is a
special purpose industrial microprocessor based real-time
computing system, which performs the following
functions in the context of industrial operations.
 Monitor Input/Sensors.
 Execute logic, sequencing, timing, counting functions

for Control/Diagnostics.
 Drives Actuators/Indicators or Output modules.
 Communicates with other computers.

A typical set of components that make a PLC System is
shown in Fig.1 [7].

Fig.1. Conventional PLC Architecture

1.1) Central Control unit
The Central Control Unit is generally micro-

programmed processors sometimes capable of handling
multiple data width of 8, 16 or 24 bits. In addition
sometimes additional circuitry, such as for bit processing
is provided, since much of the computing involves logical
operations involving digital inputs and auxiliary quantities.
Memory with battery backup is also provided for the
following:
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Flags (internal relays), timers and counters; Operating
system data Process image for the signal states of binary
inputs and outputs.

The user program is stored in memory modules. During
each program scan, the processor reads the statement in
the program memory, executes the corresponding
operations. The bit processor, if it exists, executes binary
operations. Often multiple central controllers can be
configured in hot standby mode, such that if one processor
fails the other can immediately pick up the computing
tasks without any failure in plant operations.
1.2) Input/output Units

A host of input and output modules are connected to the
PLC bus to exchange data with the processor unit. Its main
advantage is to convert the physical data in any form into
processor level data.
Digital Input Modules

The digital inputs modules convert the external binary
signals from the process to the internal digital signal level
of programmable controllers.
Digital Output Modules

The digital output modules convert the internal signal
levels of the programmable controllers into the binary
signal levels required externally by the process.
Analog Input Modules

The analog input modules convert the analog signals
from the process into digital values which are then
processed by the programmable controller.
Analog Output Modules

The analog output modules convert digital values from
the programmable controller into the analog signals
required by the process.
Special Purpose Modules
These may include special units for:
• High speed counting
• High accuracy positioning
• On-line self-optimizing control
• Multi axis synchronization, interpolation

These modules contain additional processors, and are
used to relieve the main CPU from the high computational
loads involved in the corresponding tasks.
1.3) Program and Data memory

The program and data needed for execution are stored in
RAM or EPROM sub modules. These sub modules are
plugged into the processors. Since PLC has several I/O
ports, even if the inputs are connected to only a few ports,
the PLC will scan all ports which increases the scanning
time. Additional EPROM are thus introduced to reduce
this scanning time.
1.4) Expansion I/O units

Modules for the input and output of signals are plugged
into expansion units. The latter are connected to the
central controller via interface modules. Expansion units
can be connected in two configurations.
A. Centralized configuration

The expansion units (EU) are located in the same
cabinet as the central controllers or in an adjacent cabinet
in the centralized configuration, several expansion units
can be connected to one central controller. The length of

the cable from the central controller to the most distant
expansion unit is often limited based on data transfer
speeds.
B. Distributed configuration

The expansion units can be located at a distance of up to
1000 m from the central controller. In the distributed
configuration, up to 16 expansion units can be connected
to one central controller. Four additional expansion units
can be connected in the centralized configuration to each
distributed expansion unit and to the central controller.

III. SEQUENCE OF OPERATIONS

All PLCs have four basic stages of operations that are
repeated many times per second. Initially, when turned on
the first time it will check its own hardware and software
for faults. If there are no problems it will copy all the input
and copy their values into memory, this is called the input
scan. Using only the memory copy of the inputs the ladder
logic program will be solved once, this is called the logic
solve. While solving the ladder logic the output values are
only changed in temporary memory. When the ladder scan
is done the outputs will updated using the temporary
values in memory, this is called the output scan. This
process typically repeats 10 to 100 times per second as is
shown in Fig 2.

Fig.2. Operation Sequence of PLC

Self Test - Checks to see if all cards error free, reset
watch-dog timer, etc. (A watchdog timer will cause an
error, and shut down the PLC if not reset within a short
period of time - this would indicate that the ladder logic is
not being scanned normally).

Input Scan - Reads input values from the chips in the
input cards, and copies their values to memory. This
makes the PLC operation faster, and avoids cases where
an input changes from the start to the end of the program
(e.g., an emergency stop).

Logic Solve - Based on the input table in memory, the
program is executed 1 step at a time, and outputs are
updated. This is the focus of the later sections.

Output Scan - The output table is copied from memory
to the output chips. These chips then drive the output
devices.

IV. CLASSIFICATION OF PLC

Programmable Logic Controllers can be classified in
accordance with the number of I/Os which the PLC can
handle. The different types of PLCs, thus exists due to this
classification are as follows:
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I) Unitary PLC
II) Modular PLC
III) Rack Style PLC
Unitary PLC

The Unitary PLC is typically the smallest & least
expensive. It contains every feature of a basic system in
one box. They are attached to the machine being
controlled. It would be used in a small machine or fixed
application such as overhead door controls or a stand-
alone parts inspection system. They are not expandable so
the application is limited to on-board I/O. There are,
however, some very powerful units available with built in
GSM, colour screens, & web servers. Most have 1 or 2
analog I/O channels as well as a high speed input and
pulse train output for motion control as sown in fig 3.1 [4]

Fig.3.1. Unitary PLC

Modular PLC
The Modular PLCs start with a processor with a few or

no on-board I/O. These use a range of modules that slot
together to build up a system. The basic modules are the
power supply, the main module is the CPU, the input
module and the output module. Other modules such as
A/D converters may be added. The main advantage is that
the number of input and output terminals can be expanded
to cope with changes to the hardware system. Modular
PLCs are used in applications where a higher I/O count is
needed or when using specialty modules such as
quadrature encoders, thermocouple inputs, etc. They are
also useful in small applications that have “upgrades”
available to the end user. Systems can be expanded (within
certain limits) without adding additional rack space as
shown in fig 3.2

Fig.3.2. Modular PLCs

Rack Style PLC
Rack style PLCs are a larger type of PLC that is a

collection of I/O cards that are linked together and stored
in a rack. A rack I/O can handle thousands of inputs and
outputs. Rack style PLCs are usually more expensive,
expandable, and powerful than unitary or modular PLCs.
This is a similar concept to the modular design but the
modules are on standard cards that slot into a standard
rack inside a cabinet. The rack provides a power and
communication backplane that greatly increases the
communication rate between the processor and the

modules as well as allowing some specialty modules to
communicate with each other without the processor. In
some brands, multiple processors can be in the same rack
and share the inputs. Racks also allow for redundant
processors for critical systems such as waste water pumps
or fire control systems. The types of modules available for
rack systems are far more extensive than modular systems.
The number of available I/O points is also much higher in
the rack systems. Available I/O points are around 1000 for
some modular PLCs versus over 100,000 for the same
brand of rack system as shown in fig 3.3

Fig.3.3. Rack Style PLC

V. BLOCK DIAGRAM OF PROJECT

Fig.4. Block Schematic of Project

PLC takes input from 2 IR obstacle sensors, 1 Push to
ON switch, 1 Push to OFF switch, 2 limit switches. It
processes the inputs according to the ladder logic and
actuates the motors at output accordingly. [7]
PLC Interfaced with Field Devices

Fig.4.1. Electrical representation of rung 0
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Two switches control the flow of supply to the motor1.
When X0 switch is pressed and X1 is released motor 1
gets supply and starts rotating. The push to ON switch is
given in parallel which gets close whenever Vcc is first
made available to motor1. So, the supply is thus
continuously available to motor; even if the switch is
pressed once; until the push to OFF switch is pressed.[1]

Fig.4.2 Ladder logic representation of rung 0

The electrical circuit is converted to its ladder
equivalent as follows:
 The push to ON and push to OFF switches are replaced

by a NO (normally open) contact. Input, when given to
NO makes it a closed contact and completes the circuit.

 The motor 1 is replaced by an output coil Y5 and the
holding contact switch is also replaced by a NO contact
Y5. The operation remains the same.

Connections at PLC

Fig.4.3 Interfacing switches and conveyor motor with PLC

Sw1 represents push to ON switch and Sw2 represents
push to OFF switch. They are connected across PLC with
its one terminal coming from inputs X0 and X1 of PLC
and the other going to 24G of the PLC. Output Y5 of PLC
is given to negative terminal of motor and the other
terminal is grounded. The common C1 is given +12 supply
which connects it to the output Y5 when closed.

Fig.4.4. Electrical representation of Rung 1

 Rung 1 consists of the following elements:
4 push to ON switches, 2 taken from IR sensor outputs
and 2 representing limit switches.

 2 push to OFF switches, taken from the same IR sensor
outputs.

 A push to ON switch is connected as holding contact to
continuously provide supply to the motor unless the
push to OFF representation of limit switch is pressed.

Thus, with input from one of the sensor and switch X5
representing limit switch is released, supply is given to the
motor 2 which starts rotating in a direction. The holding
switch is such that it gets closed whenever supply is first
made available to the motor and thus keeps it in forward
motion.

Fig.4.5. Ladder logic representation of Rung 1

The ladder equivalent is as follows:
 The 5 push to ON switches are replaced by NO

contacts and the 2 push to OFF switches are replaced
by NC contacts. The motor is replaced by an output
coil Y1.

 The X2,X3 inputs are ORed and ANDed with inputs
X4 and X5.The operation remains the same as
mentioned above.[5][6]

Fig.4.6. Interfacing object sensors with PLC

The output from IR sensors are given to PLC through a
transistor-relay circuit. When an object is sensed by the
sensor, it gives logic 0 to the base of the pnp transistor. It
acts as a switch and closes as soon as it receives low logic
from the sensor. This energizes the coil of SPDT and its
pole moves to NO contact. Pole is connected to 24G of
PLC. NO contact of one SPDT is connected to PLC input
X2 and NO contact of other SPDT is connected to PLC
input X3.

Fig.4.7. Interfacing Limit Switches to PLC

The limit switches are directly connected to PLC. One
terminal is connected to PLC input X4 and X5 and another
terminal is connected to 24G of the PLC.

Fig 4.8 Interfacing Sorting Motor with PLC
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The PLC is interfaced to motor 2 through a DPDT. One
terminal of the motor is connected to pole of the DPDT
and the other comes from common C0 of the PLC. Output
Y1 of PLC is connected to the other pole of the DPDT.
The NO and NC contacts are cross connected and given
12V dc supply. One end of the coil is grounded and the
other is connected to output Y3 of the PLC. Y3 gets 12V
supply from common terminal C1. When this coil is
energized the pole moves to NO contacts and the polarity
of supply in motor gets reversed and it starts rotating
anticlockwise.

Fig.4.9. Electrical representation of ORed part of rung 1

Rung 2 consists of 4 push to ON switches. Switches X2,
X3 comes from IR sensor output and switch Y1 comes
from motor1 output and a holding contact switch to keep
the supply available when the ANDing condition is
satisfied even once provided motor 1 is activated. This
provides supply to the same M2 motor as in rung 2 but its
polarity is reversed.
Ladder representation

Fig.4.10. Ladder logic representation of the Rung

The push to ON switches are replaced by NO (Normally
open) contacts and the motor is replaced by output coil
Y3. The sensor inputs are ANDed together and a holding
contact is provided across them. The other operation is
same as mentioned above.

VI. FLOW OF PROGRAM

RUNG 0
 When a logic high pulse is provided using “push to on

switch” to the input X0 of PLC the working initiates
and the main conveyor motor (Y5) starts its motion.

 An emergency ‘push to off ‘switch (X1) when pressed
stops the entire process.

RUNG 1
 Now objects differing in length are placed one after

another on the conveyor belt. So that the shorter object
cuts one of the two object sensor (X2 OR X3) at a time
and the longer object cut both the sensors (X2 AND
X3) simultaneously.

 Accordingly, the sensor gives logic 0 to the transistor-
relay circuit which further drives the motor of the
separating mechanism to one side (Y1) and similarly
for the latter case, drives the same motor to other side
(Y3).

 Two limit switches (X4, X5) are mounted on either
side of the mechanism so that it gets pressed whenever

the motor of the mechanism gets sufficiently rotated in
the desired direction which further switch off this
motor (Y1).

 So the object on the belt diverges to the opposite side
and falls into the respective slot.

RUNG 2
 The last rung consists of END which is basically for

ending the program and disabling commands that fall
after the end statement.

Suppose, we keep a shorter object on the conveyor
(assuming the conveyor motor is initiated by pressing push
to ON switch (X0)).It will cut sensor X2 first which will
give logic 0 to the base of PNP transistor. Here the
transistor acting as a switch is closed and moves the pole
of relay to NO position. This connects 24G and input X2
of the PLC indicating presence of object. This activates
the Y1 output of the PLC (according to the ladder logic)
which makes the motor of the separation mechanism move
in anticlockwise direction. The T extension of the
mechanism presses limit switch on left side (X5) which
stops the motor rotation with the extension inclined to left
blocking the left half of conveyor. The object thus gets
diverged to right side of the belt and falls into the right
slot. Now, a longer object is kept on the conveyer which
cuts both sensors (X2, X3), giving logic 0 to both
transistors and activates input on PLC. Now according to
ladder logic this makes another relay (Y3) to move its pole
in NO position connecting the motor in opposite polarity
and the motor moves in anticlockwise direction. Now after
the desired clockwise rotation, the T presses the limit
switch on right side and stops the motor ( Y1) so that the
extension gets inclined to right side blocking right half of
the belt. Thus this longer object diverges to the left side of
the belt and falls into the left slot. Pressing the emergency
switch (X1) stops the entire process.[2]

VII. ADVANTAGES OF PLC

Programmable Logic Controllers have significant
advantages over conventional relays, electronic timers
and counters, dedicated closed loop devices. Some of
these are:
 Programming the PLC is easier than wiring physical

components; the only wiring required is that of
connecting the I/O terminals. Hence, there is no need
of rewiring the whole system if the control logic is
changed. The only change required is to change the
program fed into the PLC.

 The PLC can be reprogrammed using simple and user-
friendly programming software and programming
languages. Trouble shooting aids make programming
easier and reduce downtime.

 Expanding dedicated safety relay systems is labor
intensive and time consuming. If future expansion is
likely, it may ultimately be more cost effective to
invest in an expandable relay system rather than in a
safety PLC system that provides for easy expansion via
a safety network or additional I/O cards.

 PLCs take up much lesser floor space as compared to
the relayed logic circuits.
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 Installation and maintenance of PLCs is easier, and
with present day solid-state technology, reliability is
greater. Reliable components make these likely to
operate for years before failure.

 The PLC can be connected to a distributed plant
automation system, supervised and monitored.
Computational abilities allow more sophisticated
control. Special diagnostic and maintenance modes can
be used for quick troubleshooting and servicing,
without disrupting plant operations.

 Beyond a certain size and complexity of the process, a
PLC-based system compare favorably with control
panels. Flexible and can be reapplied to control other
systems quickly and easily.

 Ability of PLCs to accept digital data in serial, parallel
and network modes imply a drastic reduction in plant
sensor and actuator wirings, since single cable runs to
remote terminal I/O units can be made. Wiring is only
need to be made locally from that point.

 Cost effective for controlling complex systems. Only
the initial cost of PLC is very high. But it is a one-time
investment and can be compromised for low
maintenance in future.

 PLC can be used to process analog data also along with
the usual digital data. It is also used to integrate
complex data and very large amounts of data.

 PLCs contain in-built timers and counters and data
registers and memory locations that can be used to save
the intermediate programming results and other
operations.

VIII. APPLICATIONS

PLC can also be used in automated sorting of objects in
industries based on the physical properties like weight,
shape, colour, etc of the objects. Considering weight, for
example, the objects to be sorted are sensed by a weight
sensor like piezoelectric sensors. They are then diverted to
the respective storage area.PLCs are used in a wide range
of applications which may range from automation of
manufacturing processes in a factory to providing safety
solutions. Some of the industrial applications of PLC are
discussed below[3].

VIII. CONCLUSION

 The object is placed manually on the conveyor belt.
 The system starts by pressing the push to on button &

the belt starts rotating.
 If object cuts the 1st sensor  object is small in

length clockwise motion of robotic arc object is
passed from right side.

 If object cuts both sensors simultaneously object is
large in length anticlockwise motion of robotic
arc object is passed from left side.

 In this way sorting of object is done.
 Push to off button is provided for emergency stop.

REFERENCES

[1] Mechatronics System Design Deodas, Shetty
[2] Programmable Controllers L.A. Bryan, E.A. Bryan
[3] www.wikipedia.com
[4] www.ieee.org.in
[5] Programmable Logic Controller and Industrial Automation An

Introduction, Madhuchhanda Mitra and Samarjit engupta.
[6] Automating Manufacturing System With PLCs (Version 4.7)

Hugh Jack.
[7] Beginner’s Guide to PLC Programming Neal Babcock

www.wikipedia.com
www.ieee.org.in

