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The History of PLCs

In the 1960's Programmable Logic Controllers were first developed to replace relays and
relay control systems. Relays, while very useful in some applications, alzso have some
problems. The main problem is the fact that they are mechanical. This means that they wear
down and have to be replaced every so often. Also, relays take up quite a bit of space. These,
along with other considerations, led to the development of PLCx.

More improvements to PLCs occurred in the 70's. In 1973 the ability to communicate
between PLCs was added. Thiz alzo made it poszible to have the controlling circuit quite a
ways away from the machine it was controlling. However, at thiz time the lack of
standardization in PLCs created other problems. This was improved in the 1980's. The size
of PL.Cs was alzo reduced then, thus using space even more efficiently.

The 90’z increased the collection of ways in which a PLC could be programmed (block
diagrams, instruction list, C, etc.). They also saw PLCs being replaced by PC's in some
cazes. However, PLCs are still very much in use in all sorts of industries, and it's likely that

they will remain there for quite some time.

Programmable Logic Devices (PLDs)
1 Introduction

Programmable Logic Devices (PLD) are programmable systems and are generally used in
manufacturing automation to perform different control functions, according to the programs
written in its memory, using low level languages of commands. There are following three
types of PLDs are being employed in mechatronics systems.

a) Microprocessor
It 1z a digital integrated circuit which carres out necessary digital functions to process the
information obtained from measurement system.

b) Microcomputer
It uses microprocessor as its central processing unit and contains all functions of a computer.

¢) Programmable Logic Conitroller (PLC)
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It 15 uszed to control the operations of electro-mechanical devices especially in tough and

hazardous industrial environments.
A typical programmable machine has basic three components as shown in Figure 1:
1) Processor, which processes the information collected from measurement system and
takes logical decisions based on the information. Then it sends this information to

actuators or output devices.
2) Memory, it stores
i. the input data collected from sensors

ii. the programs to process the information and to take neceszary decisions or actions.
Program is a set of instructions written for the processor to perform a task. A group of
programs is called software.

iii. Input/output devices: these are uzed to communicate with the outside worl d/operator.

e

Input /output devices

Figure 1. Components of a programmable logic
2. Microprocessor
It iz a multi-purpose, programmable device that reads binary instructions from a storage
device called memory, processes the data according to the instructions, and then provides
results as output. In common practice it iz also known as CPU (central processing unit). CPU
can be referred as complete computational engine on a single chip. First Microcontroller,

Intel 4004 was launched in 1971. It was able to process just 4 bits. It started a new era in
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el ectronics engineering. Microprocessor chip was one of the important inventions of the 20th
century. Table .1 shows the history of micro-processors.

Applications of microprocessors are classified primarily in two categories:

X

%

Reprogrammable Systems : Micro computers
% Embedded Systems : photocopying machine, Digital camera
Microprocessor works or operates in binary digits i.e. 0 and 1, bits. These bits are nothing
but electrical voltages in the machine, generally 0 - low voltage level, and 1 - high voltage
level. A group of bits form a “word’. In general, the word length iz about 8 bits. Thiz is called
as a ‘byte’. A word with a length of 4 bits is called az a “Nibble’
Microprocessor processes the ‘commands in binary form’ to accomplish a task. These are
called as ‘instructions’. Instructions are generally entered through input devices and can be
stored in a storage device called memory.
Figure .2 and 3 show the configuration and basic blocks of a microprocessor. The functions
of each element are as follows:
a) ALU: ALU stands for Arithmetical Logical Unit. As name indicates it has two parts:
1) Arithmetical unit which is responsible for mathematical operations like addition,
subtraction, multiplication and division.
2) Logical unit which is dedicated to take logical decisions like greater than, less than,
equal to, not equal to etc. (Basically AND/OR/NOT Operations).

Inpur Ouiput

Arithmelic . 2 e 275k

. Register A '
and Logic 4 . Ly - "

Gera oty b Arruy B B e "
Unif (ALU) 5 Svystem Bus 3
e s 4
il TRom T T R/WN
—

Figure.2 Schematic of configuration of a micro-processor




University of Anbar
College of Engineering

Programmable Logic Controllers {PLC)
Assist. Prof. Dr. Yousif Al Mashhadany

Dept. of Electrical Engineering 2018 - 2019
‘Widih of Millions of
Micro-Processors No. of smallest Data Widih Instructions
Date Clock Speed
Name Transisiors wire on (In Bits) per
chip second (MIPS)
8080 1974 6000 6 2MHz 8 0.64
8088 1979 29000 3 5 MHz 16 0.33
80286 1982 134000 1.5 6MHz 16 1
80386 1985 275000 | ey 16 32 5
80486 1989 1200000 1 25 32 20
Pentium 1993 3100000 0.8 60 32 100
Pentium II 1997 7500000 0.35 233 32 300
Pentium III 1999 9500000 0.25 450 32 510
Pentium 4 2000 42000000 0.18 1.5 GHz 32 1700
Pentium 4P 2004 |125000000 | 0.09 3.6 GHz 32 7000
Table . 1. History of Micro-Processors
RegistarC
| 3-State
JT Buffer
i  Cock  p - Address Latch
ALU — Reset
Ryt IR — instruction Register
i_ _— - PC-Program Counter
; Hg_g_ister A Reglsterd I
| .l ~ IR
PC Al i1
;s 1
= - - F' Rear ¥ Wrte
ADDRESS DATA BUS

Figure.3 Working of a microprocessor




University of Anbar
College of Engineering
Dept. of Electrical Engineering

Programmable Logic Controllers {PLC)
Assist. Prof. Dr. Yousif Al Mashhadany
2018 - 2019

b) Register Array: Registers are small storage devices that are available to CPU or
processors. They act as temporary storage for processing of intermediate data by
mathematical or logical operations.

¢) Control: This part of CPU is dedicated to coordinate data flow and signal flow through
various types of buses i.e. Data Bus, Control Bus, and Address Bus etc. It directs data
flow between CPU and storage and I/O devices.

d) Memory: There are two different types of memory segments being used by the CPU.
First 1z the ROM which stands for Read Only Memory while other iz R/W which stands
for Read and Write Memory or Random Access Memory (RAM).

1) ROM: From thiz memory unit, CPU can only read the stored data. No writing
operations can be done in this part of memory. Thus it 15 used to store the programs
that need no alteration or changes like Monitor Program or Keyboard driver etc.

2) R/W: As name indicates it is opposite to ROM and used for both reading and writing
operations. In general User’s program and instruction are stored in this segment of
memory unit.

e) Input Devices: Input devices are used to enter input data to microprocessor from
Keyboard or from ADC which receives data from sensors/signal conditioning systems.

f) Output Devices: Theze devices display the results/conclusions coming out from ALUs
either in soft copy (Monitor) or in Hard Copy (Printer).

s Functions of microprocessor

Various functions of microprocessor are as follows:

= Microprocessor performs a variety of logical and mathematical operations using its
ALTU.

» It controls data flow in a system and hence can transfer data from one location to another
based on the instructions given to it.

*« A microprocessor can take necessary decisions and jump to a new set of instructions

bazed on thoze decizions.
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s> Elemenis of microprocessos

A simple microprocessor conszists of following basic elements (see Figure .3):

Data Bus: Through data bus, the data flow between

a) various storage units

b) ALU and memory units
Address Bus: It controls the flow of memory addrezszes between ALU and memory unit.
RD (read) and WR (write) lines set or obtain the addressed locations in the memory.
Clock line transfers the clock pulse sequence to the proceszor.
Reset Line 15 used to restart execution and reset the processor to zero.
Address Latch iz a register which stores the addresses in the memory.
Program Counter: It 1z a register which can increment its value by 1 and keeps the record
of number of instructions executed. It can be set to zero when instructed.
Test Register: It iz a register which stores intermediate or in-process data of ALU
operations. For example it iz required to hold the ‘carry’ while ALU is performing
‘addition’® operation. It also stores the data which can be accessed by Instruction decoder
to make any decision.
3-State Buffers: These are tri-state buffers. A tri-state buffer can go to a third state in
addition to the states of 1 and 0.
The instruction register and instruction decoder are responsible for controlling the
operations of all other components of a microprocessor.
There are following control linez present in a microprocessor, which are used to
communi cate instructions and data with the instruction decoder.
Instruct the A register to latch the value currently on the data bus.
Instruct the B register to latch the value currently on the data bus.
Instruct the C register to latch the value currently output by the ALU.
Instruct the program counter register to latch the value currently on the data bus.
Instruct the address register to latch the value currently on the data bus.
Instruct the instruction register to latch the value currently on the data bus.
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« Instruct the program counter to increment.

« Instruct the program counter to reset to zero.

« Activate any of the six tri-state buffers (six separate lines).

s Instruct the ALU what operation to perform.

= Instruct the test register to latch the ALU's test bits.

= Activate the RD line.

» Activate the WR line

3. Microcomputer

Microcomputer 15 a microprocessor based system. It iz a data processing system that
employs a microprocessor as its central unit. Based on the input it takes decisions. Thesze
decisions are further used to control a system or to actuate an action or operation.

% Microprocessoy based programmable contyoller

Central Processer

MEMORY

1/O Ports

MICROCONTROLLER

Figure.d Schematic of nmicroconityoller.
It iz a microprocessor-based system. It implements the functions of a computer and a
controller on a single chip. Generally microcontroller 15 programmed for one specific
application and it iz dedicated to a specific control function.

Microcontrollers find applications in automobiles, aircraft, medical electronicz and home

appliances. They are small in size and can be embedded in an electromechanical system
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designed into a chip. However microcontrollers have very little user programmable memory.
Various types of microcontroller chips available in market are: Motorola 68HC11, Zilog Z8
and Intel MCS51 and 96 series.

4. Programmable Logic Controllers
Any computer having input and output interfaces can be used to control external devices.
However most of the computers are not industrially hardened. Input / Output devices of
general-purpose microcomputers are not engineered to handle line-voltages and currents
above transzistor-transistor logic (TTL) levels. Also they are not designed to with-stand the
temperature, humidity, and vibration on shop floors. These drawbacks of a general purpose
computer have been rectified by developing a Programmable Logic Controller (PLC) with
built-in isolati on into their inputs and outputs.
“The programmable logic controller 15 defined as a digital electronic device that uses a
programmable memory to store instructions and to implement functions such as logic,
sequencing, timing, counting and arithmetic words to control machines and proceszes.”
PLCs are generally used for incorporating automation in open loop systems where processes
are to be performed in a sequential manner. PL.Cs are used for automation of aszsembly lines
in industries. They are generally designed for multiple input multiple output (MIMO)
systems. In PLCs, instructions are saved in nonvolatile memory. Some of the advantages of
PLCs are:

» Cost effective

» Flexibility and ability to use similar system for other processes

» Programming interface iz easier in comparizon to other processers

» Reszistant to impact and vibration

» Resistant towards electrical and mechanical noise

= Ability to work at high temperatures
Now let us study the structure and functioning of a PLC. Figure 5. Shows the basic elements
of a PLC. It iz basically a microproceeor bazed control system. Microprocessor

communicates with the outside world with input/output devices via a circuitry. This arcuitry
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protects the microprocessor and other elements of PLC from the high voltages and currents

coming to the PL.C.
' 1§
. ! nput/ Output Circuits (Externa [
[ - I :
1/ Communication via {Serial Port v
.
4 45
' ,
| |
MEMORY '
| MICROPROCESSOR
— . ; oY
NPU POWER SUPPLY R——— QUTPU
NTERFACE NTERFACE

|
i
4

PROGRAMMING

DEVICES

Figure.5 Block disgramofa PLC

va ey PLC LAB

-8 ‘A;“'iv ocu!r‘

Figure 6. An Industvial PLC
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Final Comparison between PLC, microcontroller and microprocessor can be summarized by
the following; For PLC with microcontroller as follows:
1) A PLC will not fit in your wallet, a microcontroller will.
2) APLC hasnice LED on itz cover, a microcontroller has no cover.
3) APLC can sometime be snap unto a DIN rail, a microcontroller cannot.
4) A PLC has inbeded smoke which can be released with various techniques; a
mi crocontroller will just change from glossy black to black.
5) APLC is a 3 letter word, a microcontroller has more.
6) A PLC can make a nice traffic light system on its own, a microcontroller need other parts
connected to it.
7) A PLC cannot be welded to a circuit board, a microcontroller can.
8) A PLC can communicate to the rest of the world, a microcontroller cannot.
While by compression between microprocessors and microcontroller we can get the
following:
1) Microcontrollers have RAM, ROM, EEPROM embedded in it while we have to use
external circuits in case of microprocessors.
2) As all the peripheral of microcontroller are on single chip it is compact while
mi croprocessor 18 bulky.
3) Microcontrollers are far cheaper than microproceszors.
4) Microprocessors work much faster than microcontrollers.
S) Generally microcontrollers are low overall consumption of power less than
101 Cr OProcessors.
6) For larger applications are prefer microcontrollers not microprocessors.
7) Tasks performed by microcontrollers are less complex in microprocessors.
8) Microcontrollers are bazed on Harvard architecture while microprocessors are based on

von Neumann model.

11
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Hardware of PLC
Typically a PLC system has the basic functional components of processor unit, memory,
power supply unit, input/output interface section, communications interface and the

programming device. Figure .7 shows the basic arrangement.

Programming
device A Program & data Communications
memory interface

_ti

—> g _'.I Output —>

—D inter- Processor e —

— face + face :
Power supply

Figure .7. The PLC system

1) The processor unit or central processing unit (CPU) is the unit containing the
microprocessor and this interprets the input signalz and carries out the control actions,
according to the program stored in its memory, communicating the decisions as action
signals to the outputs.

2) The power supply unit is needed to convert the mains a.c. voltage to the low d.c. voltage
(5V) necessary for the processor and the circuits in the input and output interface modul es.

3) The programming device iz used to enter the required program into the memory of the
processor. The program iz developed in the device and then tranzferred to the memory unit
of the PLC.

4) The memory unit iz where the program is stored that 15 to be uzed for the control actions to
be exercized by the microproceszor and data stored from the input for proceszing and for
the output for outputting.

5) The input and output sections are where the processor receives information from external

devices and communicates information to external devices. The inputs might thus be from

12




Programmable Logic Controllers {PLC)
Assist. Prof. Dr. Yousif Al Mashhadany
2018 - 2019

University of Anbar
College of Engineering
Dept. of Electrical Engineering

switches, with the automatic drill, or other senzors such as photo-electric cells,
temperature sensors, or flow sensors, etc. The outputs might be to motor starter coils,
zolenoid valves, etc. Input and output interfaces are discussed in section No. 2. Input and
output devices can be classified as giving signals which are discrete, digital or analogue
(Figure 8). Devices giving discrete or cigital signals are ones where the signals are either
off or on. Thus a switch iz a device giving a discrete signal, either no voltage or a voltage.
Digital devices can be considered to be essentially discrete devices which give a sequence
of on—off signals. Analogue devices give signals whose size is proportional to the size of

the vaniable being monitored. For example, a temperature sensor may give a voltage

proportional to the temperature.

Voltage
Voltage

Time Time Time

(a)

Figure 8. Signals: (a) discrete, (b) digital, (c) onalogue

6) The communications interface iz used to receive and transmit data on communication
networks from or to other remote PLCs (Figure 9). It 15 concerned with such actions as
device verification, data acquisition, synchronization between user applicationsz and

connection management.

Supervisory
system

Communications network

PLC 1 PLC2
Machine/ Machine/
plant plant

Figure .9. Basic communications model

13
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Internal architecture of PLC
Figure 10 zhows the bazic internal architecture of a PL.C. Tt conzists of a central procezsing
unit (CPU) containing the system microprocesszor, memory, and input/output circuitry. The
CPU controlz and proceszez all the operations within the PLC. It iz supplied with a clock
with a frequency of typically between 1 and § MHz. Thiz frequency determines the operating

zpeed of the PL.C and providez the timing and synchronization for all elements in the zystem.
The information within the PL.C iz carried by means of digital signals.

;1
- Addrcss bus |
R‘I -
{: Control bus
1 = = L = = o L L - L = Lo | 'revram panel
= Use g Syslzm Dl [t (‘_"’A\k
£ program ZPU L B ROM RAM output A—h
3 RAM & urit \—]
= -
= M= it 4L ic it
4 Data bus |
R
l 0 system bus

& e |_
-

utrer atch

':r ?- "J‘u_,-'l’

Oplo- Lirrver
colpler interface
Frr

o.Q. relays
Input channels

Cuitput charnels
Figure . 10. Avchitecture of a PLC

The internal paths along which digital signalz flow are called busesz. In the phy=ical zenze, a
bus iz just a number of conductors along which electrical zignalz can flow. It might be tracks
on a printed circuit board or wirez in a ribbon cable. The CPU uses the data bus for zending
data between the constituent elements, the address bus to send the addrezzes of locations for
acceszing stored data and the control bus for zignals relating to internal control actions. The

system bus 15 used for communications between the input/output portz and the input/output

unit.

14
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# The CPU : The internal structure of the CPU depends on the microprocessor concerned. In

general they have:

1) An arithmetic and logic unit (ALU) which i35 responsible for data manipulation and
carrying out arithmetic operations of addition and subtraction and logic operations of
AND, OR, NOT and EXCLUSIVE-OR.

2y Memory, termed registers, located within the microprocessor and used to store
information involved in program execution.

3) A control unit which 15 used to control the timing of operations.

* The buses : The buses are the paths used for communication within the PLC. The
information 15 transmitted in binary form, i.e. as a group of bits with a bit being a binary
digit of 1 or 0, i.e. on/off states. The term word 1z used for the group of bits constituting
some information. Thus an 8-bit word might be the binary number 00100110. Each of the
bitz 15 communicated simultaneously along its own parallel wire. The system has four buses:
1) The data bus carries the data used in the processing carried out by the CPU. A

microprocessor termed as being 8-bit has an internal data bus which can handle 8-bit
numbers. It can thus perform operations between 8-bit numbers and deliver results as 8-
bit values.

2) The address bus is uszed to carry the addresses of memory locations. So that each word
can be located in the memory, every memory location i given a unique address. Just like
houses in a town are each given a distinct address so that they can be located, so each
word location iz given an address so that data stored at a particular location can be
accessed by the CPU either to read data located there or put, 1.e. write, data there. It is the
address bus which carries the information indicating which address 15 to be accessed. If
the address bus consists of 8 lines, the number of 8-bit words, and hence number of
distinct addresses, 1z 28 = 256. With 16 address lines, 65 536 addresses are possible.

3) The control bus carries the signals used by the CPU for control, e.g. to inform memory
devices whether they are to receive data from an input or output data and to carry timing

signals used to synchronizations.

15
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4) The system bus 15 used for communications between the input/output ports and the
input/output unit.

« Memory: There are several memory elements in a PLC system:

1) System read-only-memory (ROM) to give permanent storage for the operating system
and fixed data used by the CPU.

2) Random-access memory (RAM) for the user’s program.

3) Random-access memory (RAM) for data. This iz where information iz stored on the
status of input and output devices and the values of timers and counters and other internal
devices. The data RAM 15 sometimes referred to as a data table or register table. Part of
this memory, i.e. a block of addresses, will be zet aside for input and output addresses and
the states of thosze inputs and outputs. Part will be set aside for preset data and part for
storing counter values, timer values, etc.

4) Possibly, as a bolt-on extra module, erasable and programmable read-only-memory
(EPROM) for ROMSs that can be programmed and then the program made permanent.

The programs and data in RAM can be changed by the user. All PLCs will have some

amount of RAM to store programs that have been developed by the user and program data.

However, to prevent the loss of programs when the power supply is switched off, a battery iz

used in the PLC to maintain the RAM contents for a period of time. After a program has

been developed in RAM it may be loaded into an EPROM memory chip, often a bolt-on
module to the PLC, and z0 made permanent. In addition there are temporary buffer stores for
the input/output channels.

The storage capacity of a memory unit 15 determined by the number of binary words that it

can store. Thus, if a memory size 1z 256 words then it can store 256 < 8 = 2048 bits if 8-bit

words are used and 256 x 16 = 4096 bits if 16-bit words are used. Memory sizes are often
specified in terms of the number of storage locations available with 1K reprezenting the
number 2%, ie. 1024. Manufacturers supply memory chips with the storage locations
grouped in groups of 1, 4 and 8 bits. A 4K % 1 memory haz 4 x 1 x 1024 bit locations. A 4K
% 8 memory has 4 %8 x 1024 bit locations. The term byte iz used for a word of length 8 bits.
Thus the 4K x 8 memory can store 4096 bytes. With a 16-bit address bus we can have 2'°

16
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different addreszes and zo, with 8-bit words stored at each address, we can have 2!° x 8
storage locations and so use a memory of size 2% x 8/21" = 64K x 8 which we might be as
four 16K < 8 bit memory chips.

« Input/output unit: The input/output unit provides the interface between the system and
the outside world, allowing for connections to be made through input/output channels to
input devices such as sensors and output devices such as motors and solenoids. It 15 alzo
through the input/output unit that programs are entered from a program panel. Every
input/output point haz a unique address which can be used by the CPU. It iz like a row of
houses along a road, number 10 might be the ‘house’ to be used for an input from a
particular sensor while number *45° might be the ‘house’ to be used for the output to a
particular motor.

The input/output channels provide isolation and signal conditioning functions so that senzors
and actuators can often be directly connected to them without the need for other circuitry.
Electrical izolation from the external world is usually by means of optoizolators (the term

optocoupler is also often used). Figure 11 shows the principle of an optoizolator. When a
digital pulze passes through the light-emitting diode, a pulse of infrared radiation is
produced.

Infrarsed radiation

Light-

}
I
B e % Phcto-
emitting ! il I
. 9 | 1 =F transistor
diode i

Figure .11. Oploiselator
This pulse 15 detected by the phototransistor and gives rise to a voltage in that circuit. The
gap between the light-emitting diode and the phototransistor gives electrical izolation but the
arrangement still allows for a digital pulse in one circuit to give rise to a digital pulse in
another arcuit.
The digital signal that is generally compatible with the microproceszor in the PLC 13 5 V d.c.

However, signal conditioning in the input channel, with isolation, enables a wide range of
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input signals to be supplied to it (see Chapter 3 for more details). A range of inputs might be
available with a larger PLC, e.g. 5 V, 24 V, 110 V and 240 V digital/dizcrete, i.e. on—off,
signals (Figure 12). A small PLC iz likely to have just one form of input, e.g. 24 V.

5V To Input/
cutput unit
Inputs: 24 V/ 5\
digital signal levels 770 \/_’ Input %
e channe| Digita
240 V
A slgnal level
Figure . 12. Inpit levels

The output from the input/output unit will be digital with a level of 5 V. However, after
signal conditioning with relays, transistors or trniacs, the output from the output channel
might be a 24 V, 100 mA switching signal, a d.c. voltage of 110 V, 1 A or perhaps 240 V, 1

Aa.c.,or240 V,2 A a.c., from atnac output channel (Figure 13). With a small PLC, all the
outputs might be of one type, e.g. 240 V a.c., 1 A. With modular PLCz, however, a range of

outputs can be accommodated by selection of the modules to be used.

24 V, 100 mA
Frem 110V, 1 A, d
1A, d.e.
: : ! Cutputs
Input. Output ——¥»

P . —P P 240 V. 1 A, a.c. _
output g, channe| : Switching
unit iqit 290V, 2 A, a.c.

digital I

Figure .13. Omtput levels
Outputs are specified as being of relay type, transistor type or tniac type (see Section 2 for
more details):

1) With the relay type, the signal from the PLC output 15 used to operate a relay andis able to
switch currents of the order of a few amperes in an external circuit. The relay not only
allows small currents to switch much larger currents but also izolates the PLC from the
external crcuit. Relays are, however, relatively slow to operate. Relay outputs are suitable

for a.c. and d.c. switching. They can withstand high surge currents and voltage transients.
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2) The transistor type of output uses a tranzistor to switch current through the external circuit.
This gives a considerably faster switching action. It 15, however, strictly for d.c. switching
and iz destroyed by overcurrent and high reverse voltage. Az a protection, either a fuse or
built-in electronic protections are used. Optoizolators are used to provide isolation.

3) Triac outputs, with optoizolators for 1solation, can be used to control external loads which
are connected to the a.c. power supply. It 15 strictly for a.c. operation and iz very eazily
destroyed by overcurrent. Fuses are virtually always included to protect such outputs.

*« Sourcing and sinking: The terms sourcing and sinking are used to describe the way in
which d.c. devices are connected to a PLC. With sourcing, using the conventional current
flow direction as from positive to negative, an input device receives current from the input
module, i.e. the input module iz the source of the current (Figure 14(a)). If the current flows
from the output module to an output load then the output module iz referred to as sourcing
(Figure 14(b)). With sinking, using the conventional current flow direction as from positive
to negative, an input device supplies current to the input module, i.e. the input module iz the
sink for the current (Figure 14(c)). If the current flows to the output module from an output
load then the output module is referred to as sinking (Figure 14(d)).

+ »-
Input Input
module module
7N
- — e o Y
Inout 5
devi Output load
evice () )
+ . o
Inout Input Input
device module module
— —
- < X
utput load

(c) (d)
Figure . I14. Sourcing and sinking
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PLC systems

There are two common types of mechanical design for PLC systems; a single box, and the
modularfrack types. The single box type (or, as sometimes termed, brick) iz commonly used
for small programmable controllers and iz supplied as an integral compact package complete
with power supply, processor, memory, and input/output units. Typically such a PL.C might
have 6, 8, 12 or 24 inputs and 4, 8 or 16 outputs and a memory which can store some 300 to
1000 instructions. Figure 15 shows the GLOFA GM?7 compact, i.e. brick, PLC and Table 2
gives details of models in that GLOFA range.

Ll
- EMSSE DM I e = N e

.m... -'--_’. ......... '

Base Unil Expansion Modules
Inpul p(iw;-.'r Inpul sigrl Inpul signal
|
Power
supply Bd In-put Input
DC24V l
Power Special
& ‘[ ot
Supply —_— CPU r /communications
l + ¢ modules
comm. uF | ™ Output o i
v v v
Builtin RS-232C I/F Qutput signal Output signal

Figure. 15. The GLOFA GM7 compact and s flowchart
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Seclion items Models Description Remark
» 'O Pints
- 26 DC inputs | 24 relay outputs (GTM-DRE0A, GTM-DREIADC)
=36 DL INpUs | 24 Tansisior ouiputs {GiM-L1E0A)
¢ Program capacity - 68k bytes
CTMLOREDA » Buiitkin function
Hasic Nase Urit CTM.DRBOADC -High-speed counter © Phase? 16 kHz, phase? 8 K-z 1channe!
: CTM.OTRIA -pulse oudot 1 ¢ 2 kHz
-pulse calch = puze width 0.2ms, £ poirts
-extemnal contact point intermupt. 0.4ms, Spoints
-input fiter 0 ~ 13ms allinout )
-FID contrel functon
-RE-232C communicalion
: VO puinks
Digtal [0 module | GTE-DR1DA iy
-€ OC inputs / 4 ralay outputs
AID « DiA
, GIE-ALHA » AfD) - 2 channgl , LWA - 1 channgl
Composite module
BExpansion | Anglog imer e . qu]ts “4ponts
miodule moduke » Digital output rangz : 0-200
—— Not
7L CUEB » RS 232C - 1 channel avallable for
Cret VF modulz {0-poiunt
GL-CLEC » R5-422 - 1 channel nts

Table 2. Details of GLOFA modek.

Svstems with larger numbers of inputs and outputs are likely to be modular and designed to

fit in rackz The modular type conzistz of zeparate modules for power zupply, proceszor, etc.,

which are often mounted on rails within a metal cabinet. The rack type can be uzed for all

sizes of programmable controllers and haz the wvariouz functional umts packaged in

individual modulez which can be plugged into sockets in a base rack. The mix of modules

required for a particular purpose iz decided by the uzer and the appropriate ones then plugged

into the rack. Thus it iz comparatively easy to expand the number of inputioutput (I/O)

connections by just adding more input/output modules or to expand the memory by adding

more memory units. An example of such a modular system iz provided by the Allen-Bradley
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PLC-5 PLC of Rockwell automation (Figure. 16). PLC-5 processors are available in a range
of /O capacity and memory size, and can be configured for a variety of communication
networks. They are zingle-slot modules that are placed in the left-most slot of a 1771 /O
chassis. Some 1771 I/O chassis are built for back-panel mounting and some are built for
rack mounting and are available in sizes of 4, 8, 12, or 16 I/O module zlotzs. The 1771 /O
modules are available in densities of 8, 16, or 32 T/O per module. A PL.C-5 processor can
communicate with I/O across a DeviceNet or Universal Remote I/O link. A large zelection of
1771 inputioutput modules, both digital and analogue, are available for use in the local
chassis, and an even larger selection available for use at locations remote from the processor.
Digital /O modules have digital /O arcuits that interface to onfoff sensors such as
pushbutton and limit switches; and on/off actuators such as motor starters, pilot lights, and

annunciators.
=) [ =] | = . [ e, [ |=) =) | ) [ =] o
n n = = C O n [ n n n n
Powsar supp'y The basic form of a rack into which
for the system compenents of a FLC system carn be sloftted
Paossibila elamenls o slol indo 1he rack systen
Precessar  Communicaticn modulz for /D adapter mocule for connecting  /C madules to provide the masns
o e communication to computers he backplane e 3 oocesson al 0 cenvert input signals to backplane
I'0 adapters and ather P C another location avels and backplane sicna s to
Processors output crrewt svels
A possible assemb 9¢ sysiem
| | ] I
Hower
supply

Figure. 16. A possible arrangement of a rack sysiem
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Analogue I/O modules perform the required A/D and D/A conversions using up to 16-bit

resolution. Analogue I/O can be user-configured for the desired fault-response state in the

event that /O communication 1z disrupted. This feature provides a safe reaction/response in

case of a fault, limits the extent of faults, and provides a predictable fault response. 1771 I/O

modul es include optical coupling and filter circuitry for signal noise reduction.

Digital I/O modules cover electrical ranges from 5...276V a.c. or d.c. and relay contact

output modules are available for ranges from 0...276 V ac or 0...175 V dc. A range of

analogue signal levels can be accomodated, including standard anal ogue inputs and outputs

and direct thermocouple and RTD temperature inputs.
< Programming PLCs

Programming devices can be a hand-held device, a desktop conzole or a computer. Only

when the program has been designed on the programming device and iz ready iz it

transferred to the memory unit of the PLC.

@) Hand-held programming devices will normally contain enough memory to all ow the unit
to retain programs while being carried from one place to another.

b) Desktop consoles are likely to have a visual display unit with a full keyboard and screen
dizplay.

¢} Personal computers are widely configured as program development work-stations. Some
PLCs only require the computer to have appropriate software; others require special
communi cation cards to interface with the PLC. A major advantage of using a computer
15 that the program can be stored on the hard dizk or a CD and copies easily made.

PLC manufacturers have programming software for their PLCs. For example, Mitsubizhi

have MELSOFT. Their GX Developer supports all MELSEC controllers from the compact

PLCs of the MELSEC FX series to the modular PLCs including MELSEC System Q and

uses a Windows based environment. It supports the programming methods (see Chapter 4)

of instruction list (IL), ladder diagram (LD) and sequential function chart (SFC) languages.

You can switch back and forth between IL and LD at will while you are working.

23




Programmable Logic Controllers {PLC)
Assist. Prof. Dr. Yousif Al Mashhadany
2018 - 2019

University of Anbar
College of Engineering
Dept. of Electrical Engineering

Section Two

Input-output devices

> Input devices
Mechanical switches ; Proximity switches
Photoelectric sensors and switches
Encoders ; Temperature sensors
Position/displacement sensors
Strain gauges ; Pressure sensors ; Smart sensors
> QOutput devices
Relay ; Directional contrel valves ; Motors
Stepper motors
> Examples of applications
Conveyor belt ; Traffic Light system

Robot control system ; Liquid level monitoring
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This section is a brief consideration of typical input and output devices used with PL.Cs. The
input devices considered include digital and analogue devices such as mechanical switches
for position detection, proximity switches, photoelectric switches, encoders, temperature and
pressure switches, potentiometers, linear variable differential transformers, strain gauges,
thermistors, thermotransistors and thermocouples. Output devices conzidered include relays,

contactors, solenoid valves and motors.

Input devices

The term sensor iz used for an input device that provides a uszable output in response to a
specified physical input. For example, a thermocouple iz a sensor which converts a
temperature difference into an electrical output. The term transducer is generally used for a
device that converts a signal from one form to a different physical form. Thus sensors are
often tranzducers, but also other devices can be transducers, e.g. a motor which converts an
electrical input into rotation. Sensors which give digital/discrete, i.e. on—off, outputs can be
easily connected to the input ports of PL.Cs. Sensors which give analogue signals have to be
converted to digital signals before inputting them to PLC ports. The following are some of
the more common terms used to define the performance of sensors.

1) Accuracy is the extent to which the value indicated by a measurement system or element
might be wrong. For example, a temperature senzor might have an accuracy of +0.10C.
The error of a measurement 1s the difference between the result of the measurement and
the true value of the quantity being measured errors can arise in a number of ways, e.g. the
term non-linearity error is used for the error that occurs as a result of assuming a linear
relationship between the input and output over the working range, 1.e. a graph of output
plotted against input 15 assumed to give a straight line. Few systems or el ements, however,
have a truly linear relationship and thus errors occur as a result of the assumption of
linearity (Figure 1(a)). The term hysteresziz error (Figure 1(b)) is used for the difference in
outputs given from the same value of quantity being measured according to whether that
value has been reached by a continuously increasing change or a continuously decreasing

change. Thus, you might obtain a different value from a thermometer used to measure the
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2)

3)

same temperature of a liquid if it is reached by the liquid warming up to the measured

temperature or it is reached by the liquid cooling down to the measured temperature.

Assumed ., Decreasing -
& relatlonshlp /i a =5
T | o Acial 2 4
- \ A o ;
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True value alue belng messured

@) s3]

Figure. 1. Some sources of ervor: (a) non-linearity, (b) hysteresis
The range of variable of system i1z the limits between which the input can vary. For

example, a resistance temperature senzor might be quoted as having a range of —200 to

+8000C.
When the input value to a sensor changesz, it will take some time to reach and settle down

to the steady-state value (Figure 2). The response time is the time which elapses after the
input to a system or element 15 abruptly increased from zero to a constant value up to the
point at which the system or element gives an output corresponding to some specified
percentage, e.g. 95%, of the value of the input. The rise time iz the time taken for the
output to rize to some specified percentage of the steady-state output. Often the rize time
refers to the time taken for the output to rise from 10% of the steady-state value to 90 or
95% of the steady-state value. The settling time 15 the fime taken for the output to settle to

within some percentage, e.g. 2%, of the steady-state value.
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Figure 2 Response of « sensor or measurement system o « sudden
/ . g ;
input Yoeu can easily see such «a response when the current in an

f
| electrical circuit is suddenly switched on and an ammeter reading
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4) The sensitivity indicates how much the output of an instrument system or system element
changes when the quantity being measured changes by a given amount, i.e. the ratio
ouput/input. For example, a thermocouple might have a sensitivity of 20 pV/oC and zo give
an output of 20 pV for each 1°C change in temperature.

5)The stability of a system is its ability to give the same output when used to measure a
constant input over a period of time. The term drift is often used to describe the change in
output that occurs over time. The drift may be expressed as a percentage of the full range
output. The term zero drift is used for the changes that occur in output when there is zero
input.

6) The term repeatability i1z used for the ability of a measurement system to give the same
value for repeated measurements of the same value of a variable. Comimon cause of lack of
repeatability are random fluctuations in the environment, e.g. changes in temperature and
humidity. The error arizing from repeatability is usually expressed as a percentage of the
full range output. For example, a pressure sensor might be quoted as having a repeatability
of £0.1% of full range. Thus with a range of 20 kPa this would be an error of £20 Pa.

7) The reliability of a measurement system, or element in such a system, iz defined as being
the probability that it will operate to an agreed level of performance, for a specified period,
zubject to specified environmental conditions. The agreed level of performance might be
that the measurement system gives a particular accuracy.

The following are examples of some of the commonly uzed PLC input devices and their

Zensors.

@) Mechanical switches:

A mechanical switch generates an on—off signal or signals as a result of some mechanical
input causing the switch to open or close. Such a switch might be used to indicate the
presence of a workpiece on a machining table, the workpiece pressing against the switch and
zo clozing it. The abzence of the workpiece 15 indicated by the switch being open and its
presence by it being closed. Thus, with the arrangement shown in Figure 3(a), the input
signals to a single input channel of the PL.C are thus the logic levels:

Workpiece not present 0 ; Workpiece present 1
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The 1 level might correspond to a 24 V d.c. input, the 0 to a 0 V input.

Supply Supply voltage
voitage
PLC FLC
j"' O— ) nput — - V_L_. Input
channel e channel
(@) ) (b)
Figure .3 Swilch sensors

With the arrangement shown in Figure 3(b), when the switch 15 open the supply voltage is
applied to the PL.C input, when the switch iz clozed the input voltage drops to a low value.
The logic levels are thus:

Workpiece not present 1 ; Workpiece present 0

Switches are available with normally open {(NO) or normally closed (NC) contacts or can be
configured as either by choice of the relevant contacts. An NO switch has its contacts open
in the absence of a mechanical input and the mechanical input is used to close the switch. An
NC switch has itz contacts closed in the abzence of a mechanical input and the mechanical
input is uzed to open the switch. The term limit switch 15 uzed for a switch which iz used to
detect the presence or pazsage of a moving part. It can be actuated by a cam, roller or lever.
Figure 4 shows some examples. The cam (Figure 4(c)) can be rotated at a constant rate and

zo switch the switch on and off for particular time intervals.

=8 |
!' Lever pushed down by (.]/' Roller pushed down
-~ contact ) \J by contact
Ne f\l @ | Buttonto
R Button to = ‘ RS
B i | switch
(a) switch (b)
e
} \ Y
. 9 ) | ~_ | Button to
\_/ \\operate
Rotating cam switch

(c)

Figure .4 Limit switches actuated by : (a) lever, (D) roller, (c) com
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b} Proximity switches:

Proximity switches are used to detect the presence of an item without making contact with it.
There are a number of forms of such switches, some being only suitable for metallic objects.
The eddy current type of proximity switch has a coil which iz energized by a constant
alternating current and produces a constant alternating magnetic field. When a metallic
object 15 close to it, eddy currents are induced in it (Figure 5(a)). The magnetic field due to
these eddy currents induces an e.m.f. back in the coil with the result that the wvoltage
amplitude needed to maintain the constant coil current changes. The voltage amplitude iz
thuzs a measure of the proximity of metallic objects. The voltage can be used to activate an
electronic switch circuit, basically a transistor which has its output switched from low to
high by the voltage change, and so give an on—off device. The range over which such objects
can be detected 15 typically about 0.5 to 20 mm.

Constant
altemnating Springy Ma
. ' ¢ ¥ gnet
current k Metal object sdrips ;
2" _ ™ A 5 .
s )
o~ ) Moo= ¢
S ol \ : V4
Tltj : ~ - [LCddy current F'/_,/me =
, sl = L Contacts
(8)  magnetic field y
(b)
Sensor head
\
\
Object
h
(c) The two plates

of the capacitor

Figure 5. Proximity switches: (6) eddy current, (D) veed switch, (c) capacitive
Another type is the reed switch. This consists of two overlapping, but not touching, strips of
a springy ferromagnetic material sealed in a glass or plastic envelope (Figure 5(b)). When a
magnet or current-carrying coil is brought close to the switch, the strips become magnetised
and attract each other. The contacts then close. The magnet clozes the contacts when it iz

typically about 1 mm from the switch. Such a switch iz widely used with burglar alarms to
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detect when a door iz opened; the magnet being in the door and the reed switch in the frame
of the door. When the door opens the switch opens. A proximity switch that can be uzed with
metallic and non-metallic objects is the capacitive proximity switch. The capacitance of a
pair of plates separated by some distance depends on the separation, the smaller the
separation the higher the capacitance. The senzor of the capacitive proximity switch is just
one of the plates of the capacitor, the other plate being the metal object whose proximity is to
be detected (Figure 5(c)). Thus the proximity of the object iz detected by a change in
capacitance. The zenzor can alzo be used to detect non-metallic objects since the capacitance
of a capacitor dependz on the dielectric between its plates. In this case the plates are the
sensor and the earth and the non-metallic object is the dielectric. The change in capacitance
can be used to activate an electronic switch circuit and zo give an on—off device. Capacitive
proximity switches can be used to detect objects when they are typically between 4 and 60
mm from the senszor head. Another type, the inductive proximity switch, consists of a coil
wound round a ferrous metallic core. When one end of thiz core iz placed near to a ferrous
metal object there iz effectively a change in the amount of metallic core azzociated with the
coil and so a change in its inductance. This change in inductance can be monitored using a
resonant circuit, the presence of the ferrous metal object thus changing the current in that
circuit. The current can be used to activate an electronic switch circuit and so give an on—off
device. The range over which such objects can be detected 13 typically about 2 to 15 mm.
c) Photoelectyic sensors and switches:

Photoelectric switch devices can either operate as transmissive types where the object being
detected breaks a beam of light, usually infrared radiation, and stops it reaching the detector
(Figure 6(a)) or reflective types where the object being detected reflects a beam of light onto
the detector (Figure 2.6(b)). In both types the radiation emitter is generally a light-emitting
diode (LED). The radiation detector might be a phototransiztor, often a pair of transistors,
known as a Darlington pair. The Darlington pair increases the sensitivity. Depending on the
circuit used, the output can be made to switch to either high or low when light strikes the
transistor. Such sensors are supplied as packages for sensing the presence of objects at close

range, typically at less than about 5 mm. Figure 6(c) shows a U-shaped form where the
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object breaks the light beam. Ano ther possibility 15 a photodiode. Depending on the circuit
uzed, the output can be made to switch to either high or low when light strikes the diode. Yet
another possibility 15 a photoconductive cell. The resistance of the photoconductive cell,
often cadmium sulphide, depends on the intensity of the light falling on it.
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Figure 6. Photoelectyic sensors
With the above sensors, light 15 converted to a current, voltage or resistance change. If the
output 15 to be used as a measzure of the intensity of the light, rather than just the presence or
absence of some object in the light path, the signal will need amplification and then
conversion from analogue to digital by an analogue-to-digital converter. An alternative to
this is to use a light-to-frequency converter, the light then being converted to a sequence of
pulses with the frequency of the pulses being a measure of the light intensity. Integrated

arcuit sensors are available, e.g. the Texas +5V

. Light

Instrument TSL220, incorporating the light \\\\ | 4

\
sensor and the voltage to-frequency converter
g quency | \ , | output

(Figure 7).
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@) Encoders:
The term encoder 1z used for a device that provides a digital output as a result of angular or
linear dizplacement. An increment encoder detects changes in angular or linear displacement
from some datum position, while an absolute encoder gives the actual angular or linear
position. Figure 8§ shows the bazic form of an incremental encoder for the measurement of
angular displacement. A beam of light, from perhaps a light-emitting diode (LED), passes
through slots in a disc and iz detected by a light sensor, e.g. a photodiode or phototransistor.
When the disc rotates, the light beam 15 alternately transmitted and stopped and so a pulsed
output iz produced from the light senzor. The number of pulses iz proportional to the angle
through which the disc has rotated, the resolution being proportional to the number of slots
on a disc. With 60 slots then, since one revolution 15 a rotation of 3600, a movement from
one slot to the next iz a rotation of 60. By using offset slots it iz possible to have over a

thouzand slots for one revolution and so much higher resolution.
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Figure 8. Basic form of an incremenial encoder
The absolute encoder differs from the incremental encoder in having a pattern of slots which
uniquely defines each angular position. With the form shown in Figure 9, the rotating disc
has four concentric circles of slots and four senszors to detect the light pulzes. The zlots are
arranged in such a way that the sequential output from the sensors iz a number in the binary
code, each such number corresponding to a particular angular position. With 4 tracks there

will be 4 bits and so the number of positions that can be detected iz 2% = 16, i.e. a resolution

32




Programmable Logic Controllers {PLC)
Assist. Prof. Dr. Yousif Al Mashhadany
2018 - 2019

University of Anbar
College of Engineering
Dept. of Electrical Engineering

0t 360/16 = 22.5°. Typical encoders tend to have up to 10 or 12 tracks. The number of bits in
the binary number will be equal to the number of tracks. Thus with 10 tracks there will be 10
bits and so the number of positions that can be detected iz 2!”, i.e. 1024, a resolution of

360/1024 =0.35°.

Apertures through
whien light P S Bank of
~ 1 c
can pass . Light tector
anp 4410 _— |~~~ 000¢ 'ght four detectors
1101 255 {0010 %
//. \'\
X i The output
1100 "| from the 4
' | detectors
\ ;0100
1011 3 depends on
4 /”' ihe position
1010 \ 0101 of the disc
Eacharc 1001™~ —  ~0110
has 2 uniguse 60 | oie

set cf apertures

Figure 9. The rototing wheel of the absolite encoder. Note thot though the novmal form of
binary code is shown in the figure, in practice a modified form of binayy code called the
Gray code is genevally used. This code, unlike novmal binayy, has only one bit changing in
moving from one numbey fo the nexd. Thus we have the sequence

0000, 6001, 0011, 0010, 0011, 0111, 0101, 0100, 1100, 1101, 1111.

e) Temperature sensors:
A simple form of temperature sensor which can be used to provide an on—off signal when a
particular temperature iz reached iz the bimetal element. This consists of two strips of
different metals, e.g. brass and iron, bonded together (Figure 10(a)). The two metals have
different coefficients of expansion. Thus when the temperature of the bimetal strip increases
the strip curves, in order that one of the metals can expand more than the other. The higher
expansion metal iz on the outside of the curve. As the strip cools, the bending effect is

reversed. Thizs movement of the strip can be used to make or break electrical contacts and
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hence, at some particular temperature, give an on—off current in an electrical circuit. The
device 1z not very accurate but 15 commonly used in domestic central heating thermostats.

Another form of temperature sensor iz the resistive temperature detector (RTD). The
electrical resistance of metals or semiconductors changes with temperature. In the case of a
metal, the ones most commonly used are platinum, nickel or nickel an alloy, the resistance of
which vary in a linear manner with temperature over a wide range of temperatures, though
the actual change in resistance per degree iz fairly small. Semiconductors, such as
thermistors, show very large changes in resistance with temperature. The change, however, 13
non-linear. Such detectors can be used as one arm of a Wheatstone bridge and the output of
the bridge taken as a measure of the temperature (Figure 10(b)). Another poszibility iz to use
a potential divider circuit with the change in resistance of the thermistor changing the voltage
drop across a resistor (Figure 10{c)). The output from either type of circuit is an analogue

signal which 15 a measure of the temperature.

+V |
RTD

Brass

= 1';3\/ I;Cutput Ficed P Output
ik e e = ® ixe
o - Contacts 5 °
T resistor
Clectrical circuit R1D I

(a) ik) «© -

Figure 10. (o) Bimetallic strip (b) Wheatstone byidge, {(c) potential divider clrcuits
Thermodiodes and thermotransistors are used as temperature senszors since the rate at which
electrons and holes diffuse across semiconductor junctions iz affected by the temperature.
Integrated circuits are available which combine such a temperature-zensitive element with
the relevant arcuitry to give an output voltage related to temperature. A widely used
integrated package 1z the LM35 which gives an output of 10 mV/°C when the supply voltage
15 +5 V (Figure 11(a)). A digital temperature switch can be produced with an analogue
zensor by feeding the analogue output into a comparator amplifier which compares it with
some set value, producing an output giving a logic 1 signal when the temperature voltage

input 15 equal to or greater than the set point and otherwise an output which gives a logic 0
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signal. Integrated circuits, e.g. LM3911N, are available, combining a thermotransistor
temperature-zensitive element with an operational amplifier. When the connections to the
chip are zo made that the amplifier iz connected as a comparator (Figure 11(b)), then the
output will switch as the temperature traverses the set point and so directly give an on—off

temperature controller.

Supply voltage 75kQ +15V
LM35 (—— Voliage out 10 k ¢
O
50 K () 100 nF
Ground
(a) "
To set J Output
temperaturs’
Fins5to 8
not used

(b) -
Figure 11. {a) LM3 S, (D) LM391IN civcuit for on—off control
Another commonly used temperature senzor 13 the thermocouple. The thermocoupie consists
essentially of two dissimilar wires A and B forming a junction (Figure 12). When the
junction is heated so that it 1z at a higher temperature than the other junctions in the circuit,
which remain at a constant cold temperature, an e.m.f. iz produced which is related to the hot
junction temperature. The voltage produced by a thermocouple iz small and needs
amplification before it can be fed to the analogue channel input of a PL.C. There iz also
arcuitry required to compensate for the temperature of the cold junction since its
temperature affects the value of the em.f. given by the hot junction. The amplification and

compensation, together with filters to reduce the effect of interference from the 50 Hz mains

supply, are often combined in a signal processing unit.

Metal Copper
A @
Ay /./
/ Hot -
‘\\ Junction 1/ s
> A 4
Metal/_f\ Signal
-~ /- 7/
/ recessin
Cold” gpgnar Procooeng
junction

Figure 12. Thermocouple
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7} Position/displacement sensors:

The term position sensor 15 used for a sensor that gives a measure of the distance between a
reference point and the current location of the target, a displacement senzor being one that
gives a measure of the distance between the present position of the target and the previously
recorded position. Resistive linear and angular position sensors are widely used and
relatively inexpensive. These are also called linear and rotary potentiometers. A d.c. voltage
15 provided across the full length of the track and the voltage signal between a contact which
slidez over the resistance track and one end of the track iz related to the position of the
sliding contact between the ends of the potentiometer resistance track (Figure 13 (a)). The
potentiometer thus provides an analogue linear or angular position sensor. Another form of
dizplacement sensor iz the linear variable differential transformer (LVDT), this giving a
voltage output related to the position of a ferrous rod. The LVDT consists of three
symmetrically placed coils through which the ferrous rod moves (Figure 13 (b)).

+V/

Seccndary i ‘ [
| A
D: ] CupLt constanl 4 v,
Srimary sonskEn ? v Vi
voltage ¢ NI E
Secundary 2 D‘ 1 voltage . —
Output = 1 Constant v
vataqgs 5 SRR
L ’ Ferrals rod a.c. voltage
Displacement
{@) Potentiometer (b} VDT

Figure 13. (a) potentiometes; (D) Hnear variable differential tvansformes (LVDT).
When an alternating current is applied to the primary coil, alternating voltages, vl and v2,
are induced in the two secondary coils. When the ferrous rod core is centred between the two
secondary coils, the voltages induced in them are equal. The outputs from the two secondary
coils are connected so that their combined output 15 the difference between the two voltages,
i.e. vl — v2. With the rod central, the two alternating voltages are equal and so there i1 no
output voltage. When the rod iz displaced from its central position there 1z more of the rod in
one secondary coil than the other. As a result the size of the alternating voltage induced in
one coil is greater than that in the other. The difference between the two secondary coil
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voltages, i.e. the output, thus depends on the position of the ferrous rod. The output from the
LVDT is an alternating voltage. This is usually converted to an analogue d.c. voltage and
amplified before inputting to the analogue channel of a PLC. Capacitive dizplacement
sensors are essentially just parallel plate capacitors. The capacitance will change if the plate
separation changes, the area of overlap of the plates changes, or a slab of dielectric iz moved

into or out of the plates (Figure 14). All these methods can be used to give linear
displacement sensors. The change in capacitance has to be converted into a suitable el ectrical

signal by signal conditioning.

1k L

(a) (b) (€)
Figure I4. Capacitor sensors: (o) changing the plate separation,

(D) changing the area of overlap, (c) moving the dielectyic

2} Styain gouges:
When a wire or strip of semiconductor is stretched, its resistance changes. The fractional

change in resistance iz proportional to the fractional change in length, i.e. strain.

AR i
— =y X SEtratn
R

where AR 1z the change in resistance for a wire of resistance R and G iz a constant called the
gauge factor. For metals the gauge factor is about 2 and for semiconductors about 100. Metal
resistance strain gauges are in the form of a flat coil in order to get a reasonable length of
metal in a small area. Often they are etched from metal foil (Figure 15(a)) and attached to a
backing of thin plastic film zo that they can be stuck on surfaces, like postage stamps on an
envelope. The change in resistance of the strain gauge, when subject to strain, iz usually
converted into a voltage signal by the use of a Wheatstone bridge (Figure 15(b)). A problem
that occurs 15 that the resistance of the strain gauge also changes with temperature and thus
zsome means of temperature compensation has to be used so that the output of the bridge 1z

only a function of the strain. This can be achieved by placing a dummy strain gauge in an
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opposite arm of the bridge, that gauge not being subject to any strain but only the
temperature (Figure 16).
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Do

voltace
(a) (h)

Figure 15. (o) Metal foil strain gauge, (b) Wheaitstone bridge civeuit
with compensation for temperature chonges
An alternative which 1z widely used 13 to use four active gauges as the arms of the bridge and
arrange it so that one pair of opposite gauges are in tension and the other pair in
compression. This not only gives temperature compensation but alzo gives a much larger
output change when strain is applied. The following paragraph illustrates systems employing
such a form of compensation. By attaching strain gauges to other devices, changes which
result in strain of those devices can be transformed, by the strain gauges, to give voltage
changes. They might, for example, be attached to a cantilever to which forces are applied at
its free end (Figure 16(a)). The voltage change, resulting from the strain gauges and the
Wheatstone bridge, then becomes a meazure of the force. Another possibility iz to attach
strain gauges to a diaphragm which deforms as a result of pressure (Figure 16(b)). The
output from the gauges, and associated Wheatstone bridge, then becomes a measure of the

prezzure.
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Figure 16. Stvain gauges used for (a) force sensor, (D) pressure sensor

i1) Pressure Sensois:
Commonly used pressure senzors which give responses related to the pressure are diaphragm
and bellows types. The diaphragm type consists of a thin disc of metal or plastic, secured
round its edges. When there 15 a pressure difference between the two sides of the diaphragm,
the centre of it deflectz. The amount of deflection is related to the pressure difference. This
deflection may be detected by strain gauges attached to the chaphragm (see Figure 16(b)), by
a change in capacitance between it and a parallel fixed plate or by using the deflection to
squeeze a piezoelectric crystal (Figure 17(a)). When a piezoelectric crystal iz squeezed, there
1z a relative displacement of positive and negative charges within the crystal and the outer
surfaces of the crystal become charged. Hence a potential difference appears across it. An
example of such a senzor iz the Motorola MPX100AP sensor (Figure 17(b)). This has a built-
in vacuum on one side of the diaphragm and so the deflection of the diaphragm gives a
measure of the abzolute pressure applied to the other side of the diaphragm. The output is a
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voltage which is proportional to the applied pressure with a sensitivity of 0.6 mV/kPa. Other
versions are available which have one side of the diaphragm open to the atmosphere and so
can be used to measure gauge pressure; others allow prezsures to be applied to both sides of

the diaphragm and so can be used to measure differential pressures.

L)lapﬂ(agm Pressure =) Applied
& pressure
(@ @)
W/ ).
\4\ \"\\ {,/[],/

Coystat Ground - Supply

+ Qulpul. + Supply

(a) (b

Figure 17, (a) Pieroelectyvic pressure sensor, (b) MPX100AP
Pressure switches are designed to switch on or off at a particular pressure. A typical form
involves a diaphragm or bell ows which moves under the action of the pressure and operates
a mechanical switch. Figure 18 shows two possible forms. Diaphragms are less sensitive

than bellows but can withstand greater pressures.

- ! 5 "
G- 7 Swilch C Switch
__|-button e | button
NS - N
el ; < 7 '
[,/( Z -3 Diaphragm ‘ (’ 5 Bellows
Input pressure Input pressure

(a) (b)
Figure 18. Examples of pressure switches
i} Snrt sensors
The term smart sensor i1z used for a sensor which iz integrated with the required buffering
and conditioning circuitry in a single element. The circuitry with the element usually consists
of data converters, a proceszor and firmware, and some form of non-volatile EEPROM
memory (electrically erasable programmable read only memory, it iz similar to EPROM —

see Section No. 1). The term non-volatile iz used because the memory has to retain certain
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parameters when the power supply iz removed. Because the elements are processor-based
devices, such senzors can be programmed for specific requirements. For example, it can be
programmed to process the raw input data, correcting for such things as non-linearities, and
then send the processed data to a base station. It can be programmed to send a warning signal
when the measured parameter reaches some critical value. The IEEE 1451.4 standard
interface for smart sensors and actuators is based on an electronic data sheet (TEDS) format
which 15 aimed at allowing installed analogue transducers to be easily connected to digital
measurement systems. The standard requires the non-volatile EEPROM embedded memory
to hold and communicate data which will allow a plug-and-play capability. It thus would
hold data for the identification and properties for the senzor and might alzo contain the

calibration template, so facilitating digital interrogation.

Qutput devices
The output ports of a PLC are of the relay type or optoizolator with transistor or triac types
depending on the devices connected to them which are to be switched on or off. Generally,
the digital signal from an output channel of a PLC iz used to control an actuator which in
turn controls some process. The term actuator 1s used for the device which transforms the
electrical signal into some more powerful action which then results in the control of the
process. The foll owing are some examples.
a) Relay

Solenoids form the basiz of a number of output control actuators. When a current paszes
through a solenoid a magnetic field 15 produced and thiz can then attract ferrous metal
components in its vicinity. One example of such an actuator is the relay, the term contactor
being used when large currents are involved. When the output from the PL.C 15 switched on,
the zolenoid magnetic field is produced and pulls on the contacts and so closes a switch or
switches (Figure 19). The result iz that much larger currents can be switched on. Thus the

relay might be used to switch on the current to a motor.
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Figure I9. Re}ay used as an output device
B Dirvectional contvol valves:

Another example of the use of a zolenoid as an actuator iz a zolenoid operated valve. The
valve may be used to control the directions of flow of pressurised air or oil and zo uzed to
operate other devices such as a piston moving in a cylinder. Figure 20 shows one such form,
a spool valve, used to control the movement of a piston in a cylinder. Pressurized air or
hydraulic fluid is inputted from port P, this being connected to the pressure supply from a
pump or compreszor and port T 15 connected to allow hydraulic fluid to retumn to the supply
tank or, in the case of a pneumatic system, to vent the air to the atmosphere. With no current
through the solenoid (Figure 20(a)) the hydraulic fluid of pressurized air iz fed to the right of
the piston and exhausted from the left, the result then being the movement of the piston to
the left. When a current 13 passed through the solenoid, the spool valve switches the
hydraulic fluid or pressurized air to the left of the piston and exhausted from the right. The
piston then moves to the right. The movement of the piston might be uzed to push a deflector
to deflect items off a conveyor belt or implement some other form of displacement which
requires power.

With the above valve there are the two control positions shown in Figure 20(a) and (b).
Directional control valves are described by the number of ports they have and the number of
control positions. The valve shown in Figure 20 has four ports, i.e. A, B, P and T, and two
control positions. It is thus referred to as a 4/2 valve. The basic symbol used on drawings for
valves iz a square, with one square being used to describe each of the control positions. Thus
the symbol for the valve in Figure 20 consists of two squares (Figure 21(a)). Within each

square the switching positions are then described by arrows to indicate a flow direction or a
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terminated line to indicate no flow path. Figure 21(b) shows this for the valve shown in

Figure 20. Figure 22 shows some more examples of direction valves and their switching

positions.
Piston in cvlinder Piston in cylinder
« —>
| T '_ B Current to solenod
la 5 | Valve Yy 4
= —_
| ——1 ] -
" -
I P l Solenoid
Fluid in
A current through the
solenoid pulls to the
|* right, with ro current
the spring pulls back
Fluid out o the left Fluid out

Figure 20 An example of a solenoid eperated valve

A B A B
Position | Y Position
224() | /4y 2.24(b)
P TP T

(@) (b)
Figure 21 (o) The basic symbol for a twe position vaive, (D) the 4/2 vaive
A A

10 [
T TIT %

P P: T
212 valve: flow from P to A 3/2 valve: no flow from P to
A and flow from Ato T

switched to T being closed
and flow from P to A

switched to no flow

Figure 22. Divection valves
In diagrams, the actuation methods used with valves are added to the symbol; Figure 23
shows examples of such symbols. The valve shown in Figure 20 has a spring to give one
poszition and a solenoid to give the other and so the symbol 1z as shown in Figure 23(d).
Direction valves can be used to control the direction of motion of pistons in cylinders, the
dizplacement of the pistons being uzed to implement the required actions. The term single

acting cylinder (Figure 24(a)) is used for one which iz powered by the pressurized fluid being
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applied to one side of the piston to give motion in one direction, it being returned in the other
direction by possibly an internal spring. The term double acting cylinder (Figure 24(b)) 1z

used when the cylinder i1z powered by fluid for its motion in both piston movement

directions. A B A B
\I 'I\‘ ’4
1 § W W X ‘H -
(3) (b) (C) P T P T Position
Position 2.24(b)
{d) 224(a)

Figure 23. Actuation symbols: (a) solenoid, () push button, (c) spring operated,
{(d) a 42 vakve

X R K. X .

AT AVAFRY, ] |
¢ O W Ea— S \Vi
/ v V vV V

Inpuf Exhaust Input/exhaust Input/exhaust
(@) (b)
Figure 24. Cylinders: (a) single acting, (b) double acting

c) Moitors:
A d.c. motor has coils of wire mounted in slots on a cylinder of ferromagnetic matenal, this
being termed the armature. The armature 15 mounted on bearings and is free to rotate. It iz
mounted in the magnetic field produced by permanent magnets or current passing through
coils of wire, these being termed the field coils. When a current passes through the armature
coil, forces act on the coil and rezult in rotation. Brushes and a commutator are used to
reverse the current through the coil every half rotation and zo keep the coil rotating. The
speed of rotation can be changed by changing the zize of the current to the armature coil.
However, because fixed voltage supplies are generally used as the input to the coils, the
required variable current 1z often obtained by an electronic crcuit. This can control the
average value of the voltage, and hence current, by varying the time for which the constant
d.c. voltage iz switched on (Figure 25). The term pulze width modulation (PWM) 15 used
since the width of the voltage pulses iz uzed to control the average d.c. voltage applied to the
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armature. A PL.C might thus control the speed of rotation of a motor by controlling the

electronic circuit uzed to control the width of the voltage pulzes.

Average voltage
Average voitage .

Voltage
Volttage

|
/

Time Time

Figure 25. Pulse width modulation
Many industrial processes only require the PLC to switch a d.c. motor on or off. This might
be done uszing a relay. Figure 26(a) shows the baszic principle. The diode iz included to
dizsipate the induced current resulting from the back e.m.f. Sometimes a PLC iz required to
reverse the direction of rotation of the motor. This can be done using relays to reverse the
direction of the current applied to the armature coil. Figure 26(b) shows the basic principle.
For rotation in one direction, switch 1 is closed and switch 2 opened. For rotation in the other

direction, switch 1 15 opened and switch 2 closed.

Switch #V ; o—o—[Oj—‘
controlled |
i Motor
by PLC
i Y oV
—0 O 2
+V S e
Motor |
.
ov ¢ ° O

(2) (b)
Figure 26. D.c. motor: (a) on—off contyol, (b) directional contvol

Another form of d.c. motor iz the brushless d.c. motor. This uses a permanent magnet for the
magnetic field but, instead of the armature coil rotating as a result of the magnetic field of
the magnet, the permanent magnet rotates within the stationary coil. With the conventional
d.c. motor, a commutator has to be uzed to reverse the current through the coil every half
rotation in order to keep the coil rotating in the same direction. With the brushless permanent
magnet motor, electronic circuitry is used to reverse the current. The motor can be started

and stopped by controlling the current to the stationary coil. To reverse the motor, reversing

the current is not so easy because of the electronic arcuitry uzed for the commutator
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function. One method that iz used is to incorporate sensors with the motor to detect the
position of the north and south poles. These senzors can then cause the current to the coils to
be switched at just the right moment to reverse the forces applied to the magnet. The speed
of rotation can be controlled using pulse width modulation, 1.e. controlling the average value
of pulses of a constant d.c. voltage. Though a.c. motors are cheaper, more rugged and more
reliable than d.c. motors, the maintaining of constant speed and controlling that speed is
generally more complex than with d.c. motors. As a consequence, d.c. motors, particularly
brushless permanent magnet motors, tend to be more widely used for control purposes.
d) Stepper molors:

The stepper or stepping motor iz a motor that produces rotation through equal angles, the so-
termed steps, for each digital pulse zupplied to its input (Figure 27). Thus, if one input pulse
produces a rotation of 1.80 then 20 such pulzes would give a rotation of 36.00. To obtain one
complete revolution through 3600, 200 digital pulzes would be required. The motor can thus
be uszed for accurate angular positioning. Ifit iz used to drive a continuous belt (Figure 28), it
can be used to give accurate linear positioning. Such a motor iz used with computer printers,
robots, machine tools and a wide range of instruments where accurate positioning is
recquired. There are two basic forms of stepper motor, the permanent magnet type with a
permanent magnet rotor and the variable reluctance type with a soft steel rotor. Figure 29

shows the basic elements of the permanent magnet type with two pairs of stator poles.

Input Output

—p Motor [ —p
Digital Rotation in equal angle
pulses steps, one step per pulse

Figure 27. The stepping motor

Objzct
| | positioned
/ \\ // -\\
| ® | -
\\,\ _// \\_ __/
Motor Pulley whezl
Figure 28. Linear positioning
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Figure 29. The basic principles of the permanent magnet steppey motoyr
(2-phase) with 90 o steps.
Each pole iz activated by a current being passed through the approprate field winding, the
coils being such that opposite poles are produced on opposite coilz. The current is supplied
from a d.c. source to the windings through switches. With the currents switched through the
coils such that the poles are as shown in Figure 29, the rotor will move to line up with the
next pair of poles and stop there. Thiz would be, for Figure 6.35, an angle of 45°. If the
current 15 then switched so that the polarities are reversed, the rotor will move a step to line

up with the next pair of poles, at angle 135° and stop there. The polanties associated with
each step are:

Step Pole { Pole 2 Pole 3 Pole 4
i North South South North
2 South North South MNorth
3 South North North South
4 North South North South
] S Repeat of steps 1 to 4

There are thus, in this case, four poszible rotor positions: 45°, 135°, 225° and 315°.
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Figure 30 shows the basic principle of the variable reluctance type. The rotor i1s made of zoft
steel and has a number of teeth, the number being less than the number of poles on the stator.
The stator has pairs of poles, each pair of poles being activated and made into an
electromagnet by a current being passed through the coils wrapped round them. When one
pair of poles iz activated, a magnetic field is produced which attracts the nearest pair of rotor
teeth so that the teeth and poles line up. This 15 termed the position of minimum reluctance.
By then switching the current to the next pair of poles, the rotor can be made to rotate to line
up with those poles. Thus by sequentially switching the current from one pair of poles to the
next, the rotor can be made to rotate in steps.

There 15 another version of the stepper motor and that iz a hybnid stepper. This combines
features of both the permanent magnet and variable reluctance motors. They have a
permanent magnet rotor encased in iron caps which are cut to have teeth. The rotor sets itself

in the minimum reluctance position in response to a pair of stator coils being energised.

Rolar ~ i Stator

\
A\
\l
A e i | This pair of poles
o, | |
' j D s /,/f energised by cumrent
i~ : -
\\ '\:\/\f\> O &7 ! being switched to them

Figure 30. The principle of the variable velfuctance steppes moioy
There is another version of the stepper motor and that is a Aydrid stepper. This combines
features of both the permanent magnet and variable reluctance motors. They have a
permanent magnet rotor encased in iron caps which are cut to have teeth. The rotor sets itself
in the minimum reluctance position in response to a pair of stator coils being energized. To
drive a stepper motor, so that it proceeds step-by-step to provide rotation, requires each pair
of stator coils to be switched on and off in the required sequence when the input 13 a
sequence of pulses (Figure 31). Driver circuits are available to give the correct sequencing

and Figure 32 shows an example, the SAA 1027 for a four-phase unipolar stepper. Motors
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are termed unipolar if they are wired so that the current can only flow in one direction
through any particular motor terminal, bipolar if the current can flow in either direction
through any particular motor terminal. The stepper motor will rotate through one step each
time the trigger input goes from low to high. The motor runs clockwise when the rotation
input is low and anticlockwise when high. When the set pin iz made low the output resets. In
a control system, these input pulzes might be supplied by a microprocessor.

Inputs to coils

Fulse tor
[ ]

1st coll

il Fulse for m
pulses | I | | 2nd coil

Time Fulse for
3rd call I I

Pulse for [—]
4ih r1-oil
Time

Figure 31. Input and owmtpuits of the dvive system

Supply voltage +12 V

1
» |

— lis 14 4 13 | EOND /"\/"\/'\_T___*Red
Trigger 9 Black ~
3 2
f-b— SAA1027 g Green N i Red |
Rotation vell
— 2 & i5 11 S J e
Set -

Stepper motor with
— — its four stator coils

Figure 32. Driver civcuit connections with the integrated civeutt SAA1027

49




Programmable Logic Controllers {PLC)
Assist. Prof. Dr. Yousif Al Mashhadany
2018 - 2019

University of Anbar
College of Engineering
Dept. of Electrical Engineering

Examples of applications
The following are some examples of control systems designed to illustrate the use of a range
of input and output devices.
1) A conveyor belt

Consider a conveyor belt that iz to be used to transport goods from a loading machine to a
packaging area (Figure 33). When an item iz loaded onto the conveyor belt, a contact switch
might be used to indicate that the item i3 on the belt and start the conveyor motor. The motor
then has to keep running until the item reaches the far end of the conveyor and falls off into
the packaging area. When it does this, a switch might be activated which has the effect of
switching off the conveyor motor. The motor 15 then to remain off until the next item is
loaded onto the belt. Thus the inputs to a PLC controlling the conveyor are from two

switches and the output 15 to a motor.

Switcnh Switch
Loading >
£ /7 ™\ Packaging
| ':) J k )
\\\ ’/ AN '_,./

Figure 33. Conveyor.
2) A #fr
Consider a simple goods lift to move items from one level to another. It might be bricks from
the ground level to the height where the bricklayers are working. The lift 15 to move upwards
when a push button is pressed at the ground level to send the lift upwards or a push button is
prezsed at the upper level to request the lift to move upwards, but in both cases there is a
condition that has to be met that a limit switch indicates that the access gate to the lift
platform i1s closed. The lift iz to move downwards when a push button is pressed at the upper
level to send the lift downwards or a push button iz pressed at the lower level to request the
lift to move downwards, but in both caszes there 15 a condition that has to be met that a limit
switch indicates that the access gate to the lift platform iz closed. Thus the inputs to the
control system are electrical on—off signals from push button switches and limit switches.

The output from the control system isthe signal to control the motor.
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3) A robot contvol system:
Figure 34 shows how directional control valves can be used for a control system of a robot.
When there 15 an input to solenoid A of valve 1, the piston moves to the right and causes the
gripper to close. If solenoid B is energised, with A de-energised, the piston moves to the left
and the gripper opens. When both zolenoids are de-energised, no air passes to either side of
the piston in the cylinder and the piston keeps its position without change. Likewise, inputs
to the solenoids of valve 2 are uszed to extend or retract the arm. Inputs to the zolenoids of
valve 3 are used to move the arm up or down. Inputs to the solenoids of valve 4 are used to
rotate the base in either a clockwise or anticlockwise direction.
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Figure 34. Robot contyols.
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4) Liguid level monitoring:
Figure 35 shows a method that could be used to give an on—off signal when the liquid in a
container reaches a critical level. A magnetic float, a ring circling the sensor probe, falls as
the liquid level falls and opens a reed switch when the critical level is reached. The reed
switch iz in series with a 39 2 resistor so that this 15 switched in parallel with a 1 k2 resistor

by the action of the reed switch. Opening the reed switch thus increases the resistance from
about 37 €2 to 1 k2. Such a resistance change can be transformed by signal conditioning to

give suitable on—off signals.

L I__. —I Senscr probe

ik

—\*..

loat stnp [ | 3902 —3
. Magnetic fioat
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~—~-_ __ Reed switch

' Liguid

Figure 35. Liguid level monitoring.
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Input / Output Processing

This section continues the discussion of inputs and outputs from section two and is a brief
consideration of the processing of the signals from input and output devices. The
input/output (IfO) unit provides the interface between the PLC controller and the outside
world and must therefore provide the necesszary signal conditioning to get the signal to the
required level and also to izolate it from possible electrical hazards such as high voltages.
This chapter includes the forms of typi cal input/output modules and, in an installation where
sensors are some distance from the PL.C processing, their communication links to the PL.C.
Input/output units

Input signals from sensors and the outputs required for actuating devices can be:

I Analogue, i.e. a signal whose s1ze 15 related to the size of the quantity being sensed.

2. Discrete, 1.e. essentially just an on—off zignal.

3. Digital, i.e. a sequence of pulszes.
The CPU, however, must have an input of digital signals of a particular zize, normally 0 to 5
V. The output from the CPU iz digital, normally 0 to 5 V. Thus there is generally a need to
manipulate input and output signals so that they are in the required form. The input/output
(I/O) units of PLCs are designed zo that a range of input signals can be changed into 5 V
digital signals and so that a range of outputs are available to drive external devices. Itis this
in-built facility to enable a range of inputs and outputs to be handled which makes PLCs so
easy to use. The following is a brief indication of the basic circuits used for input and output
units. In the case of rack instruments they are mounted on cards which can be plugged into
the racks and zo the input/output characteristics of the PLC can thus be changed by changing
the cards. A single box form of PL.C has input/output units incorporated by the manufacturer.
A. Input units
The terms sourcing and sinking refer to the manner in which d.c. devices are interfaced with
the PLC (see Section 1). For a PLC input unit, with sourcing it is the source of the current
supply for the input device connected to it (Figure 1(a)). With sinking, the input device
provides the current to the input unit (Figure 1(b)).
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g e
Input device
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(b)

Figure 1 Input unit: (a) sourcing, (b) sinking

Figures 2 and 3 show the basic input unit circuits for discrete and digital d.c. and discrete a.c.

inputs. Optoizolators (see Section 1,2) are used to provide protection. With the a.c. input

unit, a rectifier bridge network 15 used to rectify the a.c. so that the resulting d.c. signal can

provide the signal for uze by the optoizolator to give the input signals to the CPU of the PLC.

Individual status lights are provided for each input to indicate when the input device is

providing a signal.
LED indicator +V
PLC of nput ignal Optoisolator Internal PLC voltage
o 2.4 &
Input _|._ h Ly Signal to
to PLC ] PLC CPU
Protecticn
dioce =
Voltage
| divider circuit
Figure 2. D.C. input unit.
Live = PLC +V | Internal
® Optoisolator PLC
voltage
] k Signal to
apat U ¢ %/’7 PLC CPU
to PLC | =¥ r’
//“\ | S,
'\?@ Signal ==
Neutral T indicator
@
Figure 3. A.C. input sunit.
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Analogue signals can be inputted to a PLC if the input channel 1z able to convert the signal to
a digital signal using an analogue-to-digital converter. With a rack mounted system thiz may
be achieved by mounting a suitable analogue input card in the rack. So that one analogue
card i3 not required for each anal ogue input, multiplexing is generally used (Figure 4). This
involves more than one analogue input being connected to the card and then electronic
switches used to select each input in turn. Cards are typically available giving 4, 8 or 16

analogue inputs.

Inputs
—P
Multi- Selected
— plexer ==
p output
—
Channel
selection signal
Figure 4. Multiplexer

Figure 5(a) illustrates the function of an analogue-to-digital converter (ADC). A single
analogue input signal gives rize to on—off output signals along perhaps eight separate wires.
The eight signals then constitute the so-termed digital word corresponding to the analogue
input signal level. With such an 8-bit converter there are 28 =256 different digital values

possible; these are 0000 0000 to 1111 1111, 1.e. 0 to 255. The digital output goes up in steps
(Figure 5(b)) and the analogue voltages required to produce each digital output are termed

quantizatior levels. Digital output Digital
Ei: output \
> 7
—pm € 000D 0010 -~
L 5
Analogue | Analogue- 4
—
—» 1o digitsl > RO
input raka = '
n converter | o
1
— 0 0000 0000 l !
(4] 1 2
Analogue input

() (k)
Figure 5. {(8) Function of an analogue-to-digital convester, (b) an illustyation of the

relotionship between the analogue input and the digital outpw.
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The analogue voltage has to change by the difference in analogue voltage between
successive levels if the binary output iz to change. The term resolution iz used for the
smallest change in analogue voltage which will give rise to a change in one bit in the digital
output. With an 8-bit ADC, if, say, the full-scale analogue input signal varies between 0 and
10 V then a step of one digital bit involves an anal ogue input change of 10/255 V or about
0.04 V. This means that a change of 0.03 V in the input will produce no change in the digital
output. The number of bits in the output from an analogue-to-digital converter thus
determines the resolution, and hence accuracy, possible. If a 10-bit ADC is used then 2!° =
1024 different digital values are poszible and, for the full-scale an alogue input of 0 to 10 V,
a step of one digital bit involves an analogue input change of 10/1023 V or about 0.01 V.If a
12-bit ADC isused then 2'2 = 4096 different digital values are possible and, for the full-scale
analogue input of 0 to 10 V, a step of one digital bit involves an analogue input change of
10/4095 V or about 2.4 mV. In general, the resolution of an n-bit ADC iz 1/(2" —1).

The following illustrates the analogue-to-digital conversion for an 8-bit converter when the

analogue input iz in the range 0 to 10 V:

Analogue input (V) Digital output (V)
0.00 0000 0000
0.04 0000 0001
0.08 0000 0010
0.12 0000 0011
0.16 0000 0100
0.20 00000101
0.24 00000110
0.28 00000111
0.32 0000 1000

etc

To illustrate the above, conszider a thermocouple used as a sensor with a PLC and giving an
output of 0.5 mV per oC. What will be the accuracy with which the PLC will activate the

output device if the thermocouple is connected to an analogue input with a range of 0 to 10 V
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d.c and using a 10-bit analogue-to-digital converter? With a 10-bit converter there iz 2!° =
1024 bits covering the 0 to 10 V range. Thus a change of 1 bit corresponds to 10/1023 V or
about 0.01 V, 1.e. 10 mV. Hence the accuracy with which the PL.C recognizes the input from
the thermocouple iz £5 mV or £10°C.

B. Output units
With a PLC output unit, when it provides the current for the output device (Figure 6(a)) itis
zaid to be sourcing and when the output device provides the current to the output unit it is
zaid to be sinking (Figure 6(b)). Quite often, sinking input units are used for interfacing with
electronic equipment and sourcing output units for interfacing with solenoids. Output units
can be relay, transistor or triac. Figure 7 shows the basic form of a relay output unit, Figure 8
that of a transistor output unit and Figure 9 that of a triac output unit.

Qutput Qutput
j Load unit Load
unit 2N
(Y Y k
' \\_// \\__,/
(a) (b)

Figure 6. Output unit: (a) sourcing, (b) sinking

Output signal LED PLC
Fuse
S 3 : - 0 +V
From ) ’I ]\ OD
PLC S j
CPU S W ﬁ o
Optoisolator Relay

Figure 7. Relay owmtput unit
Analogue outputs are frequently required and can be provided by digital-to-analogue
converters (DACs) at the output channel. The input to the converter 15 a sequence of bits
with each bit along a parallel line. Figure 10 shows the basic function of the converter.
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Figure 10. (@) DAC fanction, (b) digital-to-analogue convesrsion

A bit in the 0 line gives rise to a certain size output pulse. A bit in the 1 line gives rise to an
output pulse of twice the size of the 0 line pulse. A bit in the 2 line gives rise to an output
pulse of twice the zize of the 1 line pulse. A bit in the 3 line gives rise to an output pulse of
twice the size of the 2 line pulse, and so on. All the outputs add together to give the analogue
version of the digital input. When the digital input changes, the analogue output changes in a
stepped manner, the voltage changing by the voltage changes associated with each bit. For
example, if we have an 8-bit converter then the output is made up of voltage values of 2% =
256 analogue steps. Suppose the output range is set to 10 V d.c. One bit then gives a change
of 10/255 V or about 0.04 V. Thus we have:

Analogue input (V) Digital output (V)
0000 0000 0.00
0000 0001 0.04
0000 0010 0.08+0.0=0.08
0000 0011 0.0.8+0.04=0.12
0000 0100 0.16
0000 0101 0.16+0.0+0.04=0.20
0000 0110 0.16+0.08=0.24
0000 0111 0.16+0.08+0.04=0.0.28
0000 1000 0.32

etc
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Analogue output modules are usually provided in a number of outputs, e.g. 4 to 20 mA, 0 to
+5 V d.c,, 0 to +10 V d.c., and the appropriate output iz zelected by switches on the module.
Modules generally have outputs in two forms, one for which all the outputs from that module
have a common voltage supply and one which drives outputs having their own individual

voltage supplies. Figure 11 shows the basic princples of these two forms of output.

PLC (;ommon PLC Individual
live supplies
o ' O o L1
1 1
——o- - —F—F—ot+—{  }—o N1
E—
3 O o L2
I I O 2
E 4 DW—O [:}_O N2
== A - A -0 o L3
l I N 3
=0k ot o N
i 7
D o : 0 o L4
Fuses Output |:l o———|4 }—o N4
aads Fuses Outputs

= (b)
Figure 11. Forms of omtput: (a) common supply, (b) individual supplies.
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Signal Conditioning
When connecting sensors which generate digital or discrete signals to an input unit, care has
to be taken to ensure that voltage levels match. However, many sensors generate analogue
signals. In order to avoid having a multiplicity of analogue input channels to cope with the
wide diversity of analogue signals that can be generated by sensors, external signal
conditioning is often used to bring analogue signals to a common range and so allow a
standard form of analogue input channel to be used. A common standard that iz used (Figure
12.a) iz to convert analogue signals to a current in the range 4 to 20 mA and thus to a voltage
by passing it through a 250 Q resistance to give a 1 to 5 V input signal. Thus, for example, a
zsensor used to monitor liquid level in the height range 0 to 1 m would have the 0 level
represented by 4 mA and the 1 m represented by 20 mA. The use of 4 mA to represzent the
low end of the analogue range serves the purpose of dizstinguishing between when the sensor
is indicating zero and when the sensor iz not working and giving zero response for that
reason. When this happens the current would be 0 mA. The 4 mA also is often a suitable

current to operate a sensor and so eliminate the need for a separate power supply.

4 t0 20 mA —
R!
250 O to5V Vi }7
R3 vout

s
(a) (b)

Figure 12. (o) Standord analogue signal. (b) Potentiol divider
A potential divider (Figure 12.b) can be used to reduce a voltage from a zensor to the

required level; the output voltage level Vit 15:

__R
Vou = Ri+R> Vin

Amplifiers can be used to increase the voltage level; Figure 13 shows the basic form of the

circuits that might be used with a 741 operational amplifier with Figure 13(a) being an
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inverting amplifier and Figure 13(b) a non-inverting amplifier. With the inverting amplifier

the output Vo 1s:
' . . ) Ri+R)
Vout = _gf Vy »andwith the non-inverting amplifier:  Vouw = IR1 Vin

F?z‘ +V

r—;v SN

R 1 » — -~ out
Vo — %_\l\ v 3 =%
g cut t TE—
o R,
R, || '
- e *—
—— T

(a)

Figure 13. Operational amplifier civcuits

Often a differential amplifier iz needed to amplify the difference between two input voltages.
Such 15 the case when a sensor, e.g. a strain gauge, 15 connected in a Wheatstone bridge and
the output iz the difference between two voltagez or a thermocouple where the voltage
difference between the hot and cold junctions is required. Figure 14 shows the basic form of
Vouw = &( V-V

Ry
As an illustration of the use of zignal conditioning, Figure 15 shows the arrangement that

an operational amplifier circuit for this purpose. The output voltage Vo 15:

might be used for a strain gauge sensor. The sensor 15 connected in a Wheatstone bridge and
the out-of-balance potential difference amplified by a differential amplifier before being fed
via an anal ogue-to-digital converter unit which is part of the anal ogue input port of the PLC.

b¥ Uitterential ampirher

R <
Strain
gauge R | 3
: —>
— e )
Vv ok ' . ADC | PLC
I -/ l
R, : i
o
R, <

— Wheatstone bridge o

Figure 14. Diffeventiol amp.  Figure 15. Signal conditioning with a strain gauge sensoy.
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Remote Connections

When there are many inputs or outputs located considerable distances away from the PLC,
while it would be possible to run cables from each such device to the PL.C a more economic
solution is to usze input/output modules in the vicinity of the inputs and outputs and use just a
single core cable to connect each, over the long distances, to the PLC instead of the

multicore cable that would be needed without such distant I/O modules (Figure 16).

Input/output module

b
Twisted-pair, or screened cable, or
o ! = al.
o1 fibre optic cable, communication
PLC link
Power g — Input and
output
o —— connections
O

Remote input/
output module

Figure 16. Use of vemote inputontpiuy module
In some situations a number of PLCs may be linked together with a master PLC unit sending
and receiving input/output data from the other units (Figure 17). The distant PLCs do not
contain the control program since all the control processing is carried out by the master PLC.
The cables used for communicating data between remote input/output modules and a central
PLC, remote PLCs and the master PLC are typically twisted-pair cabling, often routed
hrough grounded steel conduit in order to reduce electrical ‘noize’. Coaxial cable enables
higher data rates to be transmitted and does not require the shielding of steel conduit. Fibre-
optic cabling has the advantage of resistance to noise, small size and flexibility and 1z now

becoming more widely used.
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PLC -

Unils localed sume distance fiom the PLC
Figure 17, Use of remote input'owiput PLC systems
A. Serial and parallel commuinications
Serial communicatior 13 when data is transmitted one bit at a time (Figure 18(a)). Thus if an
8-bit word iz to be transmitted, the eight bits are transmitted one at a time in sequence along
a cable. This means that a data word haz to be separated into its constituent bits for
transmission and then reassembled into the word when received. Parallel communication iz

when all the constituent bits of a word are simultaneously transmitted along parallel cables

(Figure 18(b)). This allows data to be transmitted over short distances at high speeds.

Bits
Bits 7 g
76543210 6 —>
5 —»
—» 4 —»
(a) 3 -
2 —»
i —»
(b) 0 —p

Figuye 18. (o) Serial communication, (b) parallel communication
Serial communication 1z used for tranzmitting data over long distances. It is much cheaper to
run, for serial communication, a single core cable over a long distance than the multicore

cables that would be needed for parallel communication. With a PLC system, serial
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communication might be used for the connection between a computer, when used as a
programming terminal, and a PLC. Parallel communication might be used when connecting
laboratory instruments to the system. However, internally, PLCs work, for speed, with
parallel communications. Thus, crcuits called UARTS (universal asynchronous receivers—
transmitters) have to be used at input/output ports to converts serial communications signals
to parallel.

B. Serial standords

For successful serial communications to occur, it is neceszary to specify:

1) The voltage levelzs to be used for signals, i.e. what signal represents a 0 and what
represents al.

2) What the bit patterns being transmitted mean and how the message 1z built up. Bear in
mind that a sequence of words are being sent along the same cable and if i3 necessary
to be able to be able to determine when one word starts and finishes and the next word
starts.

3) The speed at which the bit pattern is to be sent, i.e. the number of bits per second.

4) Synchromsation of the clocks at each end. This is necessary if, for example, a
particular duration transmitted pulse it to be recognised by the receiver as just a single
bit rather than two bits.

S) Protocols, or flow controls, to enable such information as “able to receive data’ or ‘not
ready to receive data’ to be received. This is commonly done by using two extra signal
wires (termed handshake wires), one to tell the receiver that the transmitter 1z ready to
send the

6) Data and the other to tell the transmitter that the receiver is ready to receive data.

7) Error-checking to enable a bit pattern to be checked to determine if corruption of the
data has occurred during transmission.

The most common standard serial communications interface used is the R$232. Connections
are made via 25-pin D-type connectors (Figure 19) with uszually, though not always, a male
plug on cables and a female socket on the equipment. Not all the pins are used in every

application.
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Pins 1to 13

o OC00O0000000O000O0 o
OC0000O00O00O0O0O0

|
Pins 14to 24

Figure 19. D connector

The minimum requirements are:

Pin I Ground connection to the frame of chassis

Pin 2: Serial transmitted data (output data pin)

Pin 3: Serial received data (input data pin)

Pin 7. Signal ground which acts as a common signal return path
A configuration that 13 widely uzed with interfaces involving computers is:

Pin I Ground connection to the frame of chazsis

Pin 2: Serial transmitted data (output data pin)

Pin 3: Serial received data (input data pin)

Pin 4: Request to send

Pin 5. Clear to send

Pin 6: Data zet ready

Pin 7 Signal ground which acts az a common signal return path

Pin 20: Data terminal ready
The signals sent through pins 4, 5, 6 and 20 are used to check that the receiving end is ready
to receive a signal, the transmitting endis ready to send and the data is ready to be sent. With
RS232, a1 bit is represented by a voltage between —5 and —25 V, normally —12 V, and a 0
by a voltage between +5 and +25 V, normally +12 V.
The term baud rate is used to describe the transmission rate, it being approximately the
number of bits transmitted or received per second. However, not all the bits transmitted can
be used for data, some have to be used to indicate the start and stop of a zerial piece of data,
these often being termed flags, and as a check as to whether the data has been corrupted
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during transmission. Figure 20 shows the type of signal that might be sent with RS232. The
parity bit 15 added to check whether corruption has occurred, with even parity a 1 being

added to make the number of 1z an even number. To send seven bits of data, eleven bits may

be required.
Start bit Data Panty bit
‘ > — -
L% —= _Stop bit
55 | 01101000 171~ —_0level
>
)
o 0
< Time
)
=
-12 - 1 level

Figure 20. RS232 signal levels
C. Parallel standards

The standard interface most commonly used for parallel communications iz IEEE-488. This
was onginally developed by Hewlett Packard to link their computers and instruments and
was known as the Hewlett Packard Instrumentation Bus. It is now often termed the General
Purpose Instrument Bus. This bus provides a means of making interconnections so that
parallel data communications can take place between listeners, talkers and controllers.
Listeners are devices that accept data from the bus, talkers place data, on request, on the bus
and controllers manage the flow of data on the bus and provide processing facilities. There 13
a total of 24 lines, of which eight bi-directional lines are used to carry data and commands
between the vanious devices connected to the bus, five lines are used for control and status
signals, three are used for handshaking between devices and eight are ground return lines
(Figure 21).

Commands from the controller are signalled by taking the Attention Line (ATN) low,
otherwise it 15 high, and thus indicating that the data lines contain data. The commands can
be directed to individual devices by placing addreszes on the data lines. Each device on the
bus has its own address. Device addresses are sent via the data lines as a parallel 7-bit word,
the lowest 5-bits providing the device address and the other two bits control information. If
both these bits are 0 then the commands are sent to all addresses, if bit 6 131 and bit 7 a 0 the
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addreszed device i1s switched to be a listener, if bit 6 15 0 and bit 7 iz 1 then the device 13
switched to be a talker. As illustrated above by the function of the ATN line, the
management lines each have an individual task in the control of information. The handshake
lines are used for controlling the transfer of data. The three lines ensure that the talker will
only talk when it is being listened to by listeners. Table 1 lists the functions of all the lines

and their pin numbers in a 25-way D-type connector.

lablcl IEEE-488 bus system

Pin| Signal group | Abbreviation| Sigmal/funiction

1 | Data D101 Dara line 1.

2 | Data D102 Data line 2.

3 | Data D103 Nata line 3.

4 | Data D104 Data line 4.

5 | Management EOI End Or Identify, This is used to ither signify the end of a message
sequence [rumn @ lalker device o1 is used by (he controller (0 ask a davice
to ientify itself

6 | Handshake DAV Data valid. When the 1ovel 13 low on this line then the information on the
data bus is val:d and acceptable.

7 | Handshake NRED Not Readv For Data. This line is used by listener devices taking it high
to mdicate that they are ready to accept data.

8 | Tlandshake NDAC Not Data Accepted. This line 18 nsed hy listeners taking it high to
indicate that data is being accepted.

9 [ Management IFC Interface Clear. This is used by the controlier to reset all the devices of
the systam to the start state.

10 | Management SRQ Service Request. This is usad by devices to signal to the controllzr that
they nced atiention.

11 | Management ATN Attention. Thus is usad by the controller to signal that it is placing a
counnzid on e data lines,

12 SHIELD Shield.

13 | Data D10S Data line 5.

14 | Data D106 Data line 6.

15 | Data D107 Dara line 7.

16 | Data D108 Data line 8.

7 | Management RTN Remote Mnable. This enables a device on the bus to mdicare that it is to

be selected for remote control rather than by its own control pacel.
18 GND Ground/commeon.
19 GND Ground/couunon.
20 GND Ground/common.
21 GND Ground/commot.
22 GND Ground/commeon.
23 GND Ground/corunor,
24 GND Ground/conunoll,
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8 data lines D101 to
D108
Controller Talker Listener
. . . oAV
Hand- ¢ i i ° NDAC
shake
lines g i i
! ® ® ® ATN
_ & @ ® EQI
Manage ° L ° IEC
e ® ® @ REH
lines ‘ & ® SRQ
Figure 21. The IEEE-438 bus structure
D. Protocols

It 1z necessary to exercise control of the flow of data between two devicez so what constitutes
the message, and how the communication iz to be initiated and terminated, 15 defined. This 1z
termed the protocol. Thus one device needs to indicate to the other to start or stop sending
data. This can be done by using handshaking wires connecting transmitting and receiving
devices so that a signal along one such wire can tell the receiver that the transmitter is ready
to send (RTS) and along another wire that the transmitter is ready to receive, a clear to send
signal (CTS). RTS and CTS lines are provided for in RS232 serial communication links.

An alternative is to use additional characters on the transmitting wires. With the ENQ/ACK
protocol, data packets are sent to a receiver with a query character ENQ. When this character
1z received the end of the data packet has been reached. Once the receiver has processed that
data, it can indicate it is ready for another block of data by sending back an acknowledge
(ACK) signal. Another form, the XON/XOFF, has the receiving device sending a XOFF
signal to the sending device when it wishes the data flow to cease. The transmitter then waits

for an XON =signal before resuming transmission. One form of checking for errors in the
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message that might occur as a result of transmission is the parity check. This is an extra bit
added to a meszage to ensure that the number of bits in a piece of data is always odd or
always even. For example, 0100100 iz even since there iz an even number of 15 and 0110100
1z odd since there iz an odd number of 1s. To make both these odd parnty then the extra bit
added at the end in the first case 15 1 and in the second case 0, 1.e. we have 01001001 and
01101000. Thus when a message iz sent out with odd bit parity, if the receiver finds that the
bits give an even sum, then the message has been corrupted during transmission and the
receiver can request that the meszage be repeated.

The parity bit method can detect if there iz an error resulting from a single 0 changingtoal
or a 1 changing to a 0 but cannot detect two such errors occurring since there iz then no
change in parity. To check on such occurrences more elaborate checking methods have to be
used. One method involves storing data words in an array of rows and columns.

Parity can then be checked for each row and each column. The following illustrates this for

seven words using even parity.
Row parity bits
Column parity bits 00101010 1
T 10010101 ©

10100000 0

Block 01100011 0
of data 11010101 1
10010101 1

l oo111100 ©

Another method, termed cyclic redundancy check codes, involves splitting the message into
blocks. Each block iz then treated as a binary number and iz divided by a predetermined
number. The remainder from this division is then sent as the error checking number on the
conclusion of the message and enables a check on the accuracy of the message to be
undertaken.
E. ASCII codes

The most widely used code for the transmission of characters is the ASCII code (American
Standard Code for Information Interchange). This is a seven-bit code giving 128 different

combinations of bits covering lower case and upper case alphanumeric characters,
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punctuation and 32 control codes. Az an illustration, Table 2 shows the codes used for capital
letters. Examples of control codes are SOH, for start of heading, i.e. the first character of a
heading of an information message, as 000 0001; STX, for start of text, as 000 0010; ETX,

for end of text, as 000 0011; EOT, for end of transmission, as 000 0011.
l'able 2 Examples of ASCLI codes

ASCTI ASCTI ASCII
A 1000001 [N 1001110 [0 0110000
B 1000010 |O 1001111 |1 0110001
C 1000011 |P 1010000 |2 0110010
D 1000100 |[Q 1010001 |3 0110011
E 1000101 |R 1010010 |4 0110100
F 1000110 [S 1010011 |5 0110101
G 1000111 |T 1010100 |6 0110110
H 1001000 |U 1010101 (7 0110111
I 1001001 |V 1010110 |8 011 1000
J 1001010 |W 1010111 |9 011 1001
K 1001011 |X 101 1000

L 1001100 |Y 101 1001

M 1001101 |Z 101 1010

Networks

The increasing use of automation in industry has led to the need for communications and
control on a plant-wide basiz with programmable controllers, computers, robots, and CNC
machines interconnected. The term local area network (LAN) is used to describe a
communications network designed to link computers and their peripherals within the same
building or site.

Networks can take three basic forms. With the star form (Figure 22(a)) the terminals are each
directly linked to a central computer, termed the host, or master with the terminals being
termed slaves. The host contains the memory, processing and switching equipment to enable
the terminals to communicate. Access to the terminals 1z by the host asking each terminal in
turn whether it wants to talk or listen. With the bus or single highway type of network
(Figure 22(b)), each of the terminals iz linked into a single cable and so each

transmitter/receiver has a direct path to each other transzmitter/receiver in the network.
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Methods, 1.e. protocols, have to be adopted to ensure that no more than one terminal talks at
once, otherwise confusion can occur. A terminal has to be able to detect whether another
terminal is talking before it starts to talk. With the ring network (Figure 22(c)), a continuous
cable, in the form of a ring, links all the terminals. Again methods have to be employed to
enable communications from different terminals without messages becoming mixed up. The
single highway and the ring methods are often termed peer to peer in that each terminal has

equal status. Such a system allows many stations to use the same network.

Terminals

\\ . —‘—‘—‘—l_l— | |

' I Bus/single highway

Térmihalé
(b)
(a)

Terminals

(c)

Figure 22. Networks: (a) stor, (b) bus/single highway, (c) ring
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Processing inputs

A PLC iz continuously running through its program and updating it as a result of the input
signals. Each such loop i termed a cycle. PLCs could be operated by each input being
examined as it occurred in the program and its effect on the program determined and the
output correspondingly changed. Thiz mode of operation is termed continuous updating.
Because, with confinuous updating, there iz time spent interrogating each input in turn, the
time taken to examine several hundred input/output points can become comparatively long.
To allow a more rapid execution of a program, a specific area of RAM is uzed as a buffer
store between the control logic and the input/output unit. Each input/output has an address in
this memory. At the start of each program cycle the CPU scans all the inputs and copies their
status into the input/output addresszes in RAM. As the program is executed the stored input
data iz read, as required, from RAM and the logic operations carried out. The resulting
output signals are stored in the reserved input/output section of RAM. At the end of each
program cycle all the outputs are tranzferred from RAM to the appropriate output channels.
The outputs then retain their status until the next updating. Thiz method of operation is
termed mass I/O copying. The sequence can be summarised as (Figure 23):

1) Scan all the inputs and copy into RAM.

2) Fetch and decode and execute all program instructions in sequence, copying output

instructions to RAM.

3) Update all outputs.

4) Repeat the sequence.
The time taken to complete a cycle of scanning inputs and updating outputs according to the
program instructions, i.e. the cycle time, though relatively quick, is not instantaneous and
means that the inputs are not watched all the time but samples of their states taken
periodically. A typical cycle time is of the order of 10 to 50 ms. This means that the inputs
and outputs are updated every 10 to 50 ms and thus there can be a delay of this order in the
system reacting. It also means that if a very brief input cycle appears at the wrong moment in
the cycle, it could be missed. In general, any input must be present for longer than the cycle

time. Special modules are available for use in such circumstances. Consider a PLC with a
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cycle time of 40 ms. What 15 the maximum frequency of digital impulses that can be
detected? The maximum frequency will be if one pulze occurs every 40 ms, 1.e. a frequency
0f1/0.04 =25 Hz.
The cycle or scanning time for a PLC, 1.e. its response speed, iz determined by:

1) The CPU used.

2) The size of the program to be scanned.

3) The number of input/outputs to be read.

4} The system functions that are in use, the greater the number the slower the scanning

time.

Scan all
inputs

v

Repeat Carry out
sequence A program

s

Update
outputs

Figure 23. PLC operation

I/O addresses

The PL.C has to be able to 1dentify each particular input and output. It does this by all ocating
addresses to each input and output. With a small PLC this is likely to be just a number,
prefixed by a letter to indicate whether it 15 an input or an output. Thus for the Mitsubishi
PLC we might have inputs with addresses X400, X401, X402, etc., and outputs with
addresses Y430, Y431, Y432, etc., the X indicating an input and the Y an output. Toshiba
use a similar system. With larger PL.Cs having several racks of input and output channels,

the racks are numbered. With the Allen-Bradley PL.C-5, the rack containing the processor iz

73




Programmable Logic Controllers {PLC)
Assist. Prof. Dr. Yousif Al Mashhadany
2018 - 2019

University of Anbar
College of Engineering
Dept. of Electrical Engineering

given the number 0 and the addresses of the other racks are numbered 1, 2, 3, etc. according
to how set-up switches are zet. Each rack can have a number of modules and each one deals
with a number of inputs and/or outputs. Thus addresses can be of the form shown in Figure
24 (a). For example, we might have an input with address 1:012/03. This would indicate an
input, rack 01, module 2 and terminal 03. With the Siemens SIMATIC S5, the inputs and
outputs are arranged in groups of 8. Each 8 group is termed a byte and each input or output
within an 8 is termed a bit. The inputs and outputs thus have their addresses in terms of the
byte and bit numbers, effectively giving a module number followed by a terminal number, a
full stop (.) separating the two numbers. Figure 24 (b) shows the system. Thus I0.1 iz an
input at bit 1 in byte 0, Q2.0 1z an output at bit 0 in byte 2.

| = input Module number
O = output - v
XXX XIXX
¥— Temminal number
Rack number
(a)
| = input
Q =output  __
by xx.X

Bit number
Byte number

(b)

Figure 24 (a) Allen-Bradley PLC-5 addyessing. (b) Siemens SIMATIC S5 addyessing.
The GEM-80 PLC assigns inputs and output addresses in terms of the module number and
terminal number within that module. The letter A iz used to designate inputs and B outputs.
Thus A3.02 iz an input at terminal 02 in module 3, B5.12 is an output at terminal 12 in
module 5. In addition to using addresses to 1dentify inputs and outputs, PLCs also use their
addreszing systems to identify internal, software-created devices, such as relays, timers and

counters.
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Section Four

Ladder and functional block

programming

> Introduction
» Ladder diagrams
PLC ladder programming ;
» Logic functions
AND ; OR ; NOT ; NAND ; NOR ;
Exclusive OR (XOR) ;
> Latching
> Multiple outputs
» Entering programs
Ladder symbols
» Function blocks
Logic gates; Boolean algebra

> Program examples
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Introduction

Programs for microprocessor-based systems have to be loaded into them in machine code, this
being a sequence of binary code numbers to represent the program instructions. However,
assembly language based on the uze of mnemonics can be used, e.g. LD 13 usedto indicate the
operation required to load the data that follows the LD, and a computer program called an
assembler 15 used to translate the mnemonics into machine code. Programming can be made
even easier by the use of the so-called high level languages, e.g. C, BASIC, PASCAL,
FORTRAN, COBOL. These use pre-packaged functions, represented by simple words or
symbols descriptive of the function concerned. For example, with C language the symbol & is
used for the logic AND operation. However, the use of thezse methods to write programs
requires some skill in programming and PLCs are intended to be used by engineers without
any great knowledge of programming. Asa consequence, ladder programming was developed.
This iz a means of writing programs which can then be converted into machine code by some
software for use by the PLC microprocessor.

This method of writing programs became adopted by most PL.C manufacturers, however each
tended to have developedtheir own versions and o an internati onal standard has been adopted
for ladder programming andindeed all the methods used for programming PL.Cs. The standard,
publishedin 1993, isIEC 1131-3 (International Electrotechnical Commission). The IEC1131-
3 programming languages are ladder diagrams (LAD), instruction list (IL), sequential function

charts (SFC), structured text (ST), and function block diagrams (FBD).
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This zection iz an introduction to the programming of a PLC using ladder diagrams and
functional block diagrams, with discussion of the other techniques in the next chapter. Here
we are concerned with the basic techniques involved in devel oping ladder and function block
programs to reprezent basic switching operations, involving the logic functions of AND, OR,

Excluzive OR, NAND and NOR, and latching. Later chapters continue with further ladder

programming involving other elements.
Ladder diagrams

As an introduction to ladder diagrams, consider the simple wiring diagram for an electrical
circuit in Figure 1(a). The diagram shows the arcuit for switching on or off an el ectric motor.
We can redraw this diagram in a different way, using two vertical lines to represent the input
power rails and stringing the rest of the circuit between them. Figure 1(b) shows the result.
Both circuits have the switch in series with the motor and supplied with electrical power when

the switch 1s closed. The circuit shown in Figure 1(b) is termed a ladder diagram.

Switch (1 L3
L1 J) o o Motor S M
d.c. input Switch Motor /
LZT Power rails ——
(@) (b)

Figure 1. Ways of drawing the same electvical civcuit
Figure 2 shows an example of a ladder diagram for a circuit that is used to start and stop a
motor using push buttons. In the normal state, push button 1 1z open and push button 2 closed.
When button 1 is pressed, the motor circuit i3 completed and the motor starts. Alzo, the

holding contacts wired in parallel with the motor cloze and remain closed as long az the
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motor 15 running. Thus when the push button 1 iz released, the holding contacts maintain the
circuit and hence the power to the motor. To stop the motor, button 2 is pressed. This
dizconnects the power to the motor and the holding contacts open. Thus when push button 2
15 releaszed, there iz still no power to the motor. Thus we have a motor which iz started by
pressing button 1 and stopped by pressing button 2.

L1 L2

1
2 |

L

Holding switch

Figurve 2. Stop-stast switch
» PLC ladder programming
A very commonly used method of programming PL.Cs is based on the use of ladder diagrams.
Writing a program is then equivalent to drawing a switching circuit. The ladder diagram
consists of two vertical lines reprezenting the power rails. Circuits are connected as horizontal
lines, 1.e. the rungs of the ladder, between theze two verticals. In drawing a ladder diagram,
certain conventions are adopted:
1) The vertical lines of the diagram reprezent the power rails between which circuits are
connected. The power flow 15 taken to be from the left-hand vertical across a rung.
2) Each rung on the ladder defines one operation in the control process.
3) A ladder diagram iz read from left to right and from top to bottom, Figure 3 showing
the scanning motion employed by the PL.C. The top rung is read from left to right. Then

the second rung down iz read from left to right and so on. When the PLC is in its run
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mode, it goes through the entire ladder program to the end, the end rung of the program
being clearly denoted, and then promptly resumes at the start (see Section 3). This
procedure of going through all the rungs of the program 15 termed a cycle. The end rung
might be indicated by a block with the word END or RET for return, since the program

promptly returns to itz beginning.

Power flow
Left power rail > Right power rail
Rung 1
Rung 2
Rung 3
Rung 4

}— END End rung

Figure 3. Scanning the lodder program

4) Each rung must start with an input or inputs and must end with at least one output. The
term input 15 used for a control action, such as closing the contacts of a switch, used as
an input to the PL.C. The term output is used for a device connected to the output of a
PLC, e.g. amotor.

5) Electrical devices are shown in their normal condition. Thus a switch which 1z normally
open until some object clozes it, 15 shown az open on the ladder diagram. A switch that
1z normally closed is shown closed.

6) A particular device can appear in more than one rung of a ladder. For example, we might

have a relay which switches on one or more devices. The same letters and/or numbers
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are used to label the device in each situation.

7 The inputs and outputs are all identified by their addresses, the notation used epending
on the PLC manufacturer. This is the address of the input or output in the memory of
the PLC.

In drawing ladder diagrams the names of the associated variable or addresses of each element
are appended to itz symbol. Thus Figure 4 shows how the ladder diagram of Figure 4(a) would
appear using (a) Mitsubishi, (b) Siemens, (c) Allen-Bradley, (d) Tel emecanique notations for
the addresses. Thus Figure 4(a) indicates that this rung of the ladder program has an input from
address X400 and an output to address Y430. When wiring up the inputs and outputs to the

PLC, the relevant onez must be connected to the input and output terminals with theze

addresses.

Input Output Input Qutput

X400 Y430 10 02 0
R
;  —
) S

(a)
input  Output Input Output

1:001/01 0O:010/01 10
7\ |
\_ /
(c) 7 (d) A

Figure 4 Notation: (a) Mitsubishi, (b) Siemens, (c) Allen-Bradley, (d)
Telesmeconigrue
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Logic functions

There are many control situations requiring actions to be initiated when a certain combination
of conditions is realised. Thus, for an automatic dnlling machine, there might be the condition
that the drill motor is to be activated when the limit switches are activated that indicate the
presence of the workpiece and the drill position az being at the surface of the workpiece. Such
a situation involves the AND logic function, condition A and condition B having both to be

realised for an output to occur. This section is a consideration of such logic functions.

» AND sgate
A B
Inputs
Inputs Output & o G | : Output
A — | Logic gate
— control AND ’
0 0 0 o o B
0 1 0 i
, ) - @) Applied voltage ®)
1 1 1 —— :
(a) AND circuit, (b) AND logic gate

Input A Input B Output Input A

I___I I_( j Input B | ]

Output ]

AND gate with a ladder diagram rung
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» OR gate
Inputs Output A
P P y~ Inputs
A B
{%/ A Logic gate Output
0 0 0 : —{ control OR .
0 1 1 B
1 0 1 — C
1 1 1 Applied voltage b
(a) OR electrical circuit, (b) OR logic gate
Input A Output Input A Output
Q‘/ \}_ !/ \1__ InputA |
), . J |
Input B input B input B l
Output | ]
OR gate
» NOT gate
A
Input Output e
A
0 1
1 0 0 O

(a) Applied voltage
Input A Output Input A

Y ‘
l/\l s S | o Ouput = [

o

(a) NOT circuit, (b) NOT logic with a ladder rung, (c) high output when no input to 4
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» NAND gate
A
Inputs Output . NOT
A B — P
AND |—p| NOT B G
0 0 1 —> A
B
0 1 1 B oot
1 0 1 —P
1 1 0 (@) (b)
Input A Output
p/ Vs tp\ Input A |
Sy :
Input B Input B
/ Output
NAND gate
» NOR gate
Inputs Output
A A
A B —p —p| NOT
OR |—p NOT [ oy
0 0 1 8% AND |—p
0 1 0 —p
1 0 0 (@) —p| NOT
1 1 0 (b)
input A InputB Output Input A
O e
| | I . input { NOR gate

Output I

85




Programmable Logic Controllers {PLC)
Assist. Prof. Dr. Yousif Al Mashhadany

University of Anbar
College of Engineering

Dept. of Electrical Engineering 2018 - 2019
» Exclusive OR (XOR) gate
A
Inputs Output —T NOT
>
A B ” | 5| AND
0 0 0 o |
0 1 1 , 1 —
1 0 1 » AND |
1 1 0 ol Nor | T
Input A Input B Output ’
/ P InputA | l
\ P
o Input B -
Input A Input B ]
/ Output — ]
XOR gate
Latching

There are often situations where it is necessary to hold an output energised, even when the
input ceazes. A simple example of such a zituation iz a motor which 1z started by pressing a
push button switch. Though the switch contacts do not remain closed, the motor 15 required to
continue running until a stop push button switch 15 pressed. The term latch crcuit 15 used for
the circuit used to carry out such an operation. Itis a self-maintaining circuit in that, after being
energized, it maintains that state until another input is received. An example of a latch circuit
15 shown in Figure 5.18. When the input A contacts close, there is an output. However, when

there 15 an output, another set of contacts associated with the output closes. These contacts
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form an OR logic gate system with the input contacts. Thus, even if the input A opens, the
crcuit will still maintain the output energised. The only way to release the output is by

operating the normally clozed contact B.

input A InputB Output

e
,

Output

Figure 5. Latched civcuit

Start Stop Motor output
X400 X401 Y430
]
I N
Output
contacis
Y430

Lamp for power

Output contacts not applied
Y430 Y431

v'/ -\
l I ‘\ /"

Lamp for power
Output contacts Shplied

Y430 Y432
_| | 7\
I 1.‘\_ S

Figure 6. Motor on-off; with signal lamps, ladder diagram. Note that the stop contocts
X401 are shown as being programmed as open. If the stop switch used &s novmally closed
then X401 receives a siast-up signaol to close. This gives o safer operation than

programming X401 as normally closed.
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Multiple outputs
With ladder diagrams, there can be more than one output connected to a contact. Figure 7
shows a ladder program with two output coils. When the input contacts close both the coils

give outputs.

Input Output A
| 7~ X Input ]
| \. A
Output B Output A ,—|
£ X

'. —
w Output B [

Figure 7. Laddeyr rung with two oulputs

For the ladder rung shown in Figure 8, output A occurs when input A occurs. Output B only
occurs when both input A and input B occur.

Input A Output A
N\ Input A [—I

./ Input B ]

Outpu; B

“/ \
’A{ | ouputA
) S 4

Input B Output B ]

Figure 8. Ladder rung with two inpuits and two ouitpias

Such an arrangement enables a sequence of outputs to be produced, the sequence being in the
sequence with which contacts are closed. Figure 9 illustrates this with the same ladder program
in Mitsubishi and Siemens notations. Qutputs A, B and C are switched on as the contacts in
the sequence given by the contacts A, B and C are being closed. Until input A iz closed, none
of the other outputs can be switched on. When input A is clozed, output A 15 switched on.
Then, when input B is clozed, output B 15 switched on. Finally, when input C 15 closed, output
C 1z switched on.
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Input A Output A Irpul A Output A
X4nn Y430 nn Q? 0
| | N o | | S o
InputB Output B Input E Output 3
X401 Y431 101 Q2.1
N . | £y
I | I\\ A I | \\. //
Input C Qutput C Input & Outpui C
X402 Y432 2 Q22
77 ) N
\ \. ,/"
(a) (b}
Input A |
Input B | |
input C |
Cutput A l l
Qutput 3 | |

Qutput C |
Figure 9. Seguenced ontputs

Entering programs

Each horizontal rung on the ladder represents an instruction in the program to be used by the
PLC. The entire ladder gives the complete program. There are several methods that can be
used for keying in the program into a programming terminal. Whatever method iz usedto enter
the program into a programming terminal or computer, the output to the memory of the PLC
hasto bein a form that can be handled by the microprocessor. This 1s termed machine language
and 1s just binary code, e.g. 0010100001110001.
» Ladder symbols

One method of entering the program into the programming terminal involves using a keypad
having keys with symbols depicting the various elements of the ladder diagram and keying
them in so that the ladder diagram appears on the screen of the programming terminal. For
example, to enter a pair of contacts the key marked

1t
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might be used, followed by its address being keyed . To enter an output
the key marked

()

might be used, followed by its address. To indicate the start of a junction

T

might be pressed; to indicate the end of a junction path

T

To indicate horizontal circuit links, the following key might be used:

The termunal then translates the program drawn on the screen mto
machine language.

Function blocks
The term function block diagram (FBD) is used for PLC programs described in terms of
graphical blocks. It iz descaribed as being a graphical language for depicting signal and data
flows through blocks, these being reuszable software elements. A function block is a program
instruction unit which, when executed, yields one or more output values. Thus a block 1z
represented in the manner shown in Figure 10 with the function name written in the box.

— Out
Inputs _| Function|_ o

Figure 10. Function block
For all logic gates we have symbols as follow:

A Y

. —_\ Output . ™~ [P .
Inputs ] /L—p ik ns‘] /\ Output A ./\OUU!DUI

B
3 B: J Input

-
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A A Output
— Output — i A Output
Inputs & t+— nputs | = 1 |—— = 1 b
— npu
B B
AND gate OR gate Not gate
A . A — R e
)\ _Output N, Outout |\ e Gttt
Inputs j)— Inputs NO— Inputs |
B e = B }‘/ .___/
A i A
Output | Output
Inputs & 0 Inputs >1  lo— nputs =1
B B B
NAND gate NOR Gate XOR Gate

Figure below shows the effect of such functional blocks in PLC programs:

DUl A = it Input A | | — —_ Input A |—|
Input B & npul B ] P OUPY put B I
C— = = np ®
Input S| nout G | | J Outpist I I
Output | ]
ANL function
Inpul A
Input A— Output opad | | Input A —— Cutput | |
S, >1 |—— InpiR [ ]
InpulB—— — L g i | l InputB —JJ -
Output ,—I Ouiput I

OR function

st ouput A | | InputA | |

; input B LA | Output
Input B & P pu | | 1 D input D —
M o —— P o —
— pu
Output ' |

NAND function NOR Tunetion

Input A—— output Input A | | Input A —_— Input A | |

nputB | COR[ . putB [ npus—Q| “OR[T putB [ ]

owpt [ [ ouput] [ [
XOR runctioh XOR runciion
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To illustrate the form of such a diagram and its relationship to the ladder diagram, Figure 11
shows an OR gate. When A or B inputs are 1 then there is an output.

input A  Output Q
N\
Jl h
\. ko
input B

Input A
inputa| >1

Output

Figure 11. Ladder diagram ond equivalent functional block diagram

Figure 12 shows a ladder diagram and its function block equivalent in Siemens notation. The
= block 1z used to indicate an output from the system.

Input Input  Qutput

100 101

H A

Q20

In'gut Input Output
B Q
| | // \"
| [\
Out
qut
Start
Liquid level g Pump
Reservoi

Output
Input 10.0 Q2.0
Input 10.1 & _‘EI
—)
Aed — & Q
B
Liquid

start level Reservoir Pump
I | /l | | J& N
A i

Figure 12. Ladder diagram and equivalent function block diagram
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Boolean algebra
Ladder programs can be derived from Boolean expressions since we are concerned with a
mathematical system of logic. In Boolean algebra there are just two digits, 0 and 1. When we
have an AND operation for inputs A and B then we can write:
AB=0
Where Q is the output. Thus Q 15 equal to 1 only when A =1 and B = 1. The OR operation for
inputs A and B 1s written as:
A+B=0Q
Thus Q i equal to 1 only when A=1 or B = 1. The NOT operation for an input A is written
as:
A=0
Thus when A iz not 1 there iz an output. As an illustration of how we can relate Boolean
expressions with ladder diagrams, consider the expression:
A+B.C=0
This tells us that we have A or the term B and C giving the output Q. Figure 5.32 shows the
ladder and functional block diagrams. Written in terms of Mitsubishi notation, the above
expression might be:
X400 + X401.X402 = Y430
As a further illustration, consider the Boolean expression:
A+B=0

Figure 13 shows the ladder and functional block diagrams.

input A Output Q

2 N
f \ input A
. —
\_ ./ Output Q
inputB |
Input B —4\1‘

Figure 13. Ladder diagram
A .B From the OR gate we obtain an output of A.B + C. From the lower AND gate we obtain
an output Q of:
(4.8 + C).D.EF=Q

The ladder diagram to represent this is shown in Figure 14.
A D E F Q

H HH HAH -

Figure 4. Ladder diagvam for (A.B + C).D.E.F=Q
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Program examples

The following tasks are intended to illustrate the application of the programming techniques
given in this chapter. A signal lamp 15 required to be switched on if a pump 15 running and the
pressure is satisfactory, or if the lamp test switch 15 closed. For the inputs from the pump and
the pressure zensors we have an AND logic situation since both are required if there iz to be
an output from the lamp. We, however, have an OR logic situation with the test switch in that
it iz required to give an output of lamp on regardless of whether there iz a signal from the AND
system. The function block diagram and the ladder diagram are thus of the form shown in
Figure 15. Note that with the ladder diagram we tell the PLC when it has reached the end of
the program by the use of the END or RET instruction. As another example, consider a valve
which iz to be operated to lift a load when a pump iz running and either the lift switch iz
operated or a switch operated indicating that the load has not already been lifted and is at the
bottom of its lift channel. We have an OR situation for the two switches and an AND situation
involving the two switches and the pump. Figure 16 shows a possible program.

Pump Pressure Lamp
X400 X401 Y430

_I ‘i }’__ﬁ‘i }—— Pump

Test
X402

_| Test <

END {—

Pressure | & S

Figure 15. Signal lamp tosk

Lift Pump Valve
X400 X401 Y430

| | ™% Lift switch
| N 2,

Not lifted

Not lifted switch L
X402

'>|l. —
—‘ & —1 Valve

Pump on

END |

Figure 16. Valve operation program
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As another example, consider a system where there has to be no output when any one of four
sensors gives an output, otherwise there 15 to be an output. One way we could write a program
for thisis for each sensor to have contacts that are normally closed so there 15 an output. When
there iz an input to the sensor the contacts open and the output stops. We have an AND logic
situation. Figure 17 shows the functional block diagram and the ladder diagram of a system
that might be used.

input Input Input Input Output

Sensor 1 ] . X400 X401 X402 X403 Y430
(.4 :/' k /l _/-\\\
Sensor 2 —1/ / ‘ /T v
o B0 Output / VI VI \/
Sensor 3 & 1 . 3 4
-Q Sensors
Sensor 4 ; END

Figure 17. Outpiz switched off by any one of four sensors being activated
» Location of stop switches

The location of stop switches with many applications has to be very carefully considered in
order to ensure a safe system. A stop switch 15 not safe if it 15 normally closed and has to be
opened to give the stop action. If the switch malfunctions and remainsz closed then the system
cannot be stopped. Figure 18(a) illustrates this. A better arrangement is to program the stop
switch in the ladder program as open in Figure 18(b) and use a stop switch that 15 normally
clozed and operating opens it. Thus there 1z an input signal to the system which closes the
contacts in the program when it starts up.

Start Stop Moter

| I M !: >“ sSart —=o o Relay coﬂ
~ 7

Slu 4
Motor 3 1-' = PLC _L—-/—}
\

| m— l
Swilch
oporated
(a) An unsafe stop switch by cail

Mator

Slarl Stop Motor

I | / \.' Slarl '—O_DQ_ He{ny cﬂ
| | :\_ st Stop L—smo—— i

/ ]
Muolor
0,0
Switch nNator

operated
oy coil

(D) A salz s.cp swilch

Figure 18. Motor stop switch location
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Figure 19 shows where we can safely locate an emergency stop switch. If it is in the input to
the PLC (Figure 19(a)) then if the PL.C malfunctions it may not be possible to stop the motor.
However, if the emergency stop switch is in the output, operating it will stop the motor and
also cause the start switch to become unlatched if the arrangement shown in Figure 19(b) is
being used. The motor will thus not restart when the emergency stop button is released.

1 Emergency
Start 0 D ;

LB Relay coil Shati—o._o stop Relay cail
Emergency |, o o O—K | —0 o0—| )
stop T e swich

2 Switch Mator I W Motor

operated operated

(a) Unsafe arrangsment by coil (b} Safe arangement by coil

Figure 19. Location of emergency stop switch
» Counter:
Figure 20 shows a basic counting circuit. When there iz a pulse input to In 1, the counter is
reset. When there iz an input to In 2, the counter starts counting. If the counter 15 set for, say,
10 pulses, then when 10 pulze inputs have been received at In 2, the counter’s contacts will
cloze and there will be an output from Out 1. If at any time during the counting there is an
input to In 1, the counter will be reset and start all over again and count for 10 pulzes.

In1 Counter
<;S1> In1 I"I — CO(;]:L@[ out 1
: . e
In2  Counter i - cv @ \ }—
(i) ke In 1 '
o] 1000 0nnnn | o
Counfer Out 1 i |
X Out 1 — -
{ !
Al Time

Figure 20. Basic counter program
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Timers with counters

A typical timer can count up to 16 binary bits of data, this corresponding to 32 767 base time
units. Thus, if we have a time base of 1 s then the maximum time that can be dealt with by a
timer 15 just over 546 minutes or 9.1 hours. If the time basze 15 to be 0.1 s then the maximum
time 13 54.6 minutes or just short of an hour. By combining a timer with a counter, longer times
can be counted. Figure 21 illustrates this with an Allen-Bradley program. If the timer has a
time base of 1 s and a preset value of 3600, then it can count for up to 1 hour. When input
1:012/01 1s activated, the timer starts to time in one second increments. When the time reaches
the preset value of 1 hour, the DN bit iz set to 1 and the counter increments by 1. The DN bit
setting to 1 also reset the timer and the timer starts to time again. When it next reaches its
preset time of 1 hour, the DN bit iz again set to 1 and the counter increments by 1. With the
counter zet to a preset value of 24, the counter DN bit 1z set to 1 when the count reaches 24
and the output 0:013/01 1s furned on. We thus have a timer which iz able to count the seconds
for the duration of a day and would be able to switch on some device after 24 hours.

Timer T
L012/01 T4:0DN : Teoww
/ N\
‘ | l/ | . {/EN '.
J ’ Time base 1.0 RS _/
Preset 3600 e -\
Accum0 —— DN
T4:0 i O et
DN | Counter C5.0
CTU )
‘ L [ cu)
| Preset 24 e )
Accum 0 e
— DN/
C5.0 . _/
DN 0:013/01
| 1 4 \L_
| | . J

Figure 21 Using a counier to extend the vange of a timer
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Exp No (1) Basic Logic Gates Experiment

The procedure for this experiment as follows:
- Switch OFF mam supply 220V AC & switch OFF 24Vde
2- Swatch OfF all tested digital mput from (1100, TT15)
3- Make the followmg Connection carefully:

from to
| T LT
2 T 101
3 TO5 105
4 TG 106
3 T02 102
O TO3 03

4 make the ladder diagram shown in figure with all parameters (seiting the
mmiticd condition of ENNI variable to Logic 1)

5- Switch ON main supply 220V AC

G- Download the ladder program to PLC

7= Three Digital output must appear on O0D0 . O01 & O02 according the

following function:

Output function
! OO0 100 OR 101
2 (B 1]] 105 AND 106
3 002 102 XOR 103
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8- Changes the status of (T00,T01,T02,T03,T05 &T06) switches and record the
output (O00.001 & 002)




University of Anbar Programmable Logic Controllers (PLC)
College of Engineering Assist. Prof. Dr. Yousif Al Mashhadany
Dept, of Electrical Engineering 2018 - 2019

Exp No (2) Clock Generation Experiment

The procedure for this experiment as follows:
1- Switch OFF mamn supply 220V AC & switch OFF 24Vde
2- make the ladder diagram shown in figure with all parameters (setting the
initial condition of EN1 variable to Logic 1))
3- Switch ON main supply 220V AC
4 Download the ladder program o PLC
5- Ome Digital output (O01) must blinking (5 sec Logie 1 & Logic 0 Ssec)

Tadder Digram of Clock Generation Experiment
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Exp No (3) Selection Continuous Up/Down Counter
Experiment

‘The procedure for this experiment as follows:
I- Switch OFF main supply 220V AC & switch OFF 24Vdc
2- Switch OfF all tested digital mput from (TIO0. .. T115)

3- Make the following Connection carefully:

e 5
I T01 101
2 T02 102

4- make the ladder disgram shown in figure with all paramelers (setting the
initial condition of EN1& TT variables to Logic | )

5- Switch ON main supply 220V AC

6- Download the ladder program to PLC

7- One Digital output (O01) must blinking (5 sec Logie | & Logic () Ssec)

8- Switch ON (TO1) counter up must start work

9- Switch ON (T02) counter down must start work

10- When two counter work SEL Module not work because XOR Out (Logic

0} whach disable Selecuon Module, Now trv to stop work one of counter

using (TO1 & T02) switches in order to enable SEL. module and then record

the results.
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Ladder Digram of Selection Continuos Up/Down Counter Experiment
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Exp No (4) Generation Second Clock using Triggered of

uniform continuous clock Experiment

'The procedure for this experiment as follows:
I- Switch OFF main supply 220V AC & swatch OFF 24Vde
2- make the ladder diagram shown m hgure with all parameters (sefiing the
initial condition of EN1& TT variables to Logic 1 )
3- Switch ON main supply 220V AC
4- Downlead the ladder program to PLC
3- Digital output (O01) must blinking (1 sec Logic | & Logic ) Isec)
G- Digital Output (O02) must work for (2 sec ) afier 3 postive triger from first

clock
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D 1 O i i L e i L |

Ladder Digram of Selection Continues Up/Down Counter Experiment
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Exp No (5): Conveyer Belt control Experiment

The procedure for this experiment as follows:

- Switch OFF main supply 220V AC & switch OFF 24Vde & switch OFF of

convever belt,
2- Connect (24 V D) from Power supply to (COND of (01, O0G).

3- Connect (Od1... O] to conveyer belt part according to the following

dhagram:
from to
1 001 Pl
2 002
3 003 P3
< 004 P4
3 005 P5
6 006 P6

4- Connect (REC) ol Photo 1 to (I01) and (REC) of Photo 2 to (103)
5- Connect (REC SIGNAL) of AFPROXIMATE switch to (102)
6 Switch ON main supply 220V AC

7- Download the ladder program of canvever belt conirol to PLC

8 switch ON 24Vde & switch ON convever belt & approximate switch & photo

SCIISOTS

9- Activate photo sensor [ for short ime the process start work.

10- The conveyer belt LEDs must be activate according the [ollowmg sequence

Time Blinking ON_| Fix ON

state | 0 to 2.5sec Pl

State 2 26010 5.0sec Fl P2

State 3 51to7.58ec Pl P2 & P3

State 4 76 to 10 sec P1 P2 & P3

State 5 10.1 to 12.5 sec Pl P2 & P3 & P4

State 6 12610 135 sec Pl P2 & P3 & P4.& P53

State 7 151 to 17.5sec Pl & P& P2 & P35 & P4 & P5
State 8 17.6 10 20 sec P2EPI&P4&E P& PG
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11- Activate approximate switch for short time .all LEDs{P1. .. P6) will be reset

| 2- Activate photo sensor | for short time the process play again.

13- Activate photo sensor 2 will [reeze process until remove activate from

SETISOT

CONVEYOR BELT

ES<) Eoe] ECe]

ESS) ESs) [ESE
Eo<)

—

o

—

Do

S
SRR
gk

EC<) Eoe] Eo=)

PLC

-
D -

el

) O
P& PS P4 P3 OP2 P e
FHULUBLASIES | TRAFFIC L T {TROL Power
o | 'F'II:I'I.'I]I EIGH CT“: o0 [0 [o o0
555 (555] d [ﬂgﬂ|’ H |C 0| =0| l=0| |2 y
CONVEYORBELT | =——— (ee0F | =g &Y gy e
= — | i 0 (=0 @ EO
E il el el
00 o g8 o = CTL) T
Egﬂﬂiﬂi t:tum ]‘,”1 = DIGITAL 1/O TEST
R
= 000 ;
- o
8608 o | ANALOG INPUT | ol ol lof e
AELAY HeOl N EELAT 3-FOLES G . :
20 |00 v vt 5
0 o] ooo clopoa | 28 K =
‘n'll.l-lm n‘ BARL i
;cn- o Ol al [@ B
T ¢ Rnmn—al -] ¢ Yo g @B
10 o0 Q
oo |S| Ooo
ams 38198 81 &) 8
°0= %555%5&5@2 -

\_J l
]
=
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Exp No (6): Traffic Light Control Experiment

The procedure for this experument as follows:
- Switch OFF mam supply 220V AC & switch OFF 24Vdc
2- Connect (24 V D) from Power supply to (COM) of (O00.., O11).
3- Connect (OO0... Ol1) to traftic light part according to the following

diagram:
from to
| 000 Rl
2 001 Y1
3 002 Gl
- 003 R2
5 004 Y2
6 005 G2
7 006 R3
8 007 Y3
9 008 G3
10 009 R4
11 010 Y4
12 011 G4

4- Switch ON main supply 220V AC
5- Download the ladder program of traffic light control 10 PLC
6- switch ON 24Vdc

7- The traffic hght LEDs must be activate according the following sequence :
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Time Traffic 1 | Traffic 2 Trafthic 3 Traffic 4
Rinte' T U to 10sec Green 1 Red 2 Red 3 Red 4
e 11te 15 see | Yellow | Red 2 Red 3 Red 4
State 2 16ta 25 sec | Red 1 (reen 2 Red 3 Red 4
3l to 40 sec | Red 1 Yellow 2 Ked 3 FHed 4
State 3 4l to 45 sec | Red 1 Red 2 Cireen 3 Red 4
4610 50 sec | Red | Red 2 Yellow 3 Red 4
State 4 51 to 60 see | Red | Red 2 Red 3 Green 4
6l lo 65 sec | Red 1 Red 2 Red 3 Yellow 4
Return fo State I | 66 Lo 75 sec | Green | Red 2 Red 3 Red 4
aned ser on... 76 to 80 sec | Yellow 1 Red 2 Red 3 IZed 4
TRAFFIC LIGHT CONTROL
i R4 V4 G4 I I /
B YD G O 0O
00
R B ERIEE
0] |0 ol |0 Ol |O
e— — | 1

550)[50)

200]|g0o0
3o
200|200

G
|-I:'.'£".'I‘I|!IJ

0
-Ir::!

o=
o3
Og
(c00)
OE
o=
o=
E)
5009
0 0]
E) |
g0 o]
HeId
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All The above program setting according to the following front view of the PLC trainer, and all the definition according to
table 1 in next page

ANALOG OUTPUT £  — | APPROXIMATE | 7 - SEG DISPLAY |»OoOw DC -MOTOR AC -MOTOR
AO-CHD |7y SWITCH a
5 = | il
’CT-; O recsieNaL & o ©O SRS OeTUT
. 00| OO0 | OA0r | Oa O P — nonon oM
v Ow Vot «Q O = Amp 2 m 0cOo | OcOn | OcOs | Oc O O 0 seny 0O Q000
PHOTO REmoes TRAFFIC LIGHT CONTROL p stcioininiolicic
PHOTO 1  PHOTO 1 o0] [oc0] [00] [cO ower Ol |0] |0} |0} |O] (O] |Of |O
(553|553 zo0| |zo| [#0| [#0| Supply | leel ot (e hoy fiod (ws [ws |wr
== | (5[ 13] 8] 3] lo] 8] [8] |6
CONVEYOR BELT :o ?(o) :O _:_OQ s [os| [0l il Dzl [l i il
cuO| O] |0 |mO (0] [o] [e] [e] [e] [e] [e] [e
0 2::9:0, 2 @ —(000) —|= ol |o] |o] |o] |o] |of |o] |o
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Table - 1- Description of symbols in PLC trainer

Label __ Description I
100... 123 Digital Inpuis REC SIGNAL | Receive signal of Approximate sensor )
000,015 16 Digital Output : =i “T-Sez Display
COM Supply voltage of Digital Quiput 4 Digitad imput {Hex code jof 17, 2, 37" & 4™ (T-segmennt displays)
Vi comi CHO - Analog Voltage Input ' DC Maotor
Vi1 coml CHI - Analog Voltage Input 0N fOFF Supply voltage for DO Maotor
10 comi CHO - Analog Current Input Direction Change direction of DO Motor using logic (Oor 1}
11 coml CHI - Analog Corrent Inpat W, OOW LED Tndication (o Clockwise & coumterclockwise
L i Analo Carrent Output  Phetesewen |
Vi CHO Analog Voltage Outpu SEND Supply voltage for Sender Photo sensor 1 & 2
_ - -~ o - REC Feedback signal from receiver photo sensor 1 &2
TI00... TS Téch external digital input voliage

TOW...T015

RI Y1 Gl
R1Y1(:2
RIYIG3
R4 Y4 G4

Prl....F6

JSCl Lt U BRI A

Red ., Yellow , Green (3 input of 19,2, 3"
& 4™ wraffic )

& Digital Inputs for Sequence process

IT _5_: r .. :

NC Normally Closed of relay pole
MO Normally Open of relay pole
Pale Common (supply voltage for sutput)

Tr.ﬂtd point for reading current
v+ V- Tested point for reading voltage




