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PROGRAMMABLE LOGIC CONTROLLERS ( ı-ı.c s )

1 : INTRODUCTION

In the late 1960s the American motor car manufacturer General motors was
interested ın the application of computers to replace the relay sequancing used ın the
control of ıts automated car plants.

Two independent companies, Bedford Associates and Allen Bradley , responded
to General Motors' specification.

The computer itself, called the central processor, was designed to live in an
industiıal envıironment, and was connected to the outside world via racks into which
input or output cards could be plugged.

The need for low-cost versatile and easily commissioned controllers has resulted
in the development of Programmable-Control systems-standard units based on a
hardware CPU and memory for the control of machines or processes. Originally designed
as a replacement for the hard-wired relay and timer logic to be found in traditional
control panels, PLCs provide ease and flexibility of control based on programming and
executing simple logic instructions .PLCs have internal functions such as timers, counters
and shift registers, making sophisticated control possible using even the smallest PLC.

A programmable controller operates by examining the input signals from a
process and carrying out logic instructions on these input signals, producing output
signals to drive process aquipment or machinery. Standard interfaces built in to PLCs
allow them to be directly connected to process actuators and transducers whithout the
need for intermediate circuitry or relays.

Through using PLCs it became possible to modify a control system without
having to disconnect or re-route a single wire ; it was necessary to change only the
control program using a keypad or VDU terminal. Programmable controllers also require
shorter installation and commisioning times than do hardwired systems. Alhough PLCs
are similar to 'conventional' computers in terms of hardware technology, they have
specific features suited to industrial control :

• rugged, noise immune equipment ;
• modular plug-in construction, allowing easy replacement/addition of units
• standard input/output connections and signal levels;
• easily understood programming language
• ease of programming and reprogramming in-plant.
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1.1 : Terminology ( PC or PLC )

There are several different terms used to describe programmable controllers, most
referring to the functional operation of the machine question :

PC programmable controller (UK origin)

PLC programmable logic controller (American origin)

PBS programmable binary system (Swedish origin)

By their nature these terms tend to describe controllers that normally work in a
binary (on/off) enviroment.Since all but the smallest programmable controllers can now
equipped to process analog inputs and outputs these ' labels' are not representative of
their capabilities. For this reason the overall term programmable controller has been
widely adopted to describe the family of freely programmable controllers. However, to
avoid confusion with the personal computer 'PC', this text uses the abbreviation PLC for
programmable logic controller.

1.2 : Comparison With Other Control Systems

This is only an approximate guide to their capabilities, and further technical
information can be obtained from the manufacturers data sheets on each specific system.

Programmable controllers emerge from the comparison as the best overall choice
for a control system, unless the ultimate in operating speed or resistance to electrical
noise is required, in which case hardwired digital logic relays are chosen respectively.
For handling complex functions a conventional computer is still marginally superior to a
large PLC equipped with relevant function cards, but only in terms of creating the
functions, not using them. Here the PLC is more efficient through passing values to the
special function module, which then handles the control function independently of the
main processor-a multiprocessor system.

Programmable controllers pave both hardware and software features that make
them attractive as controllers of a wide range of industrial equipment.

1.3 : The Advantage of ( PLC ) Control

Any controlsystem goes through four stages from conception to a working plant.
A PLC system brings advantages at each stage.
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DESIGN; The required and the control strategies decided.With conventional
systems design must be complete before construction can start. With a PLC system all
that is needed is a possibly vague idea of the size of the machine and 1/0 requirements.
The input and output cards are cheap at this stage, so a healthy spare capacity can be built
in to allow for the inevitable omissions and future developments.

Next comes construction. With conventional schemes, every job is a 'one-off '
with inevitable delays and costs. A PLC system is simply bolted together from standard
parts. During this time the writing of the PLC program is started .

INSTALLATION ; a tedious and expensive business as sensors, actuators, limit
switches and operators controls are cabled. A distributed PLC system using serial links
and pre-built and tested desks can simplify installation and bring huge cost benefits. The
majority of the PLC program is written at this stage.

Finally comes commissioning, and this is where the real advantages are found. No
plant ever works first time. Human nature being what it is, there will be some oversights.
Changes to conventional systems are time consuming and expensive. Provided the
designer of the PLC system has built in spare memory capacity, spare 1/0 and a few spare
cores in multicore cables, most changes can be made quickly and relatively cheaply. An
added bonus is that all changes are recorded in the PLC's program and commissioning
modifications do not go unrecorded, as is often the case in conventional systems.

MAINTENANCE ; which starts once the plant is working and is harded over to
production. All plants have faults, and most tend to spend the majority of their time in
some from of failure mode. A PLC system provides a very powerful toll assisting with
fault diagnosis.

A plant is also subject to many changes during its life to speed production, to ease
breakdowns or because of changes in its requirements. A PLC system can be changed so
easily that modifications are simple and the PLC program will automatically document
the charges that have been made.

2: PLCs-HARDWAREDESIGN

Programmable controllers are purpose-built computers consıstıng of three
functional areas: processing, memory and input/output. Input conditions to the PLC are
sensed and then stored in memory, where the PLC performs the programmed logic
instructions on these input state. Output conditions are then generated to drive associated
eqıipment. The action taken depends totally on the control program held in memory.

In smaller PLCs these functions are performed by individual printed circuit cards
within a single compact unit, whilst larger PLCs are constructed on a modular basis with
function modules slotted into the backplane connectors of the mounting rack. This allows
simple expansion of the system when necessary. In both these cases the individual circuit
boards are easily removed and replaced, facilitating rapid repair of the system should
faults development.
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2.1: Central Processing Unit ( CPU)

The CPU controls supervises all operations within the PLC, carrying out
programmed instructions stored in the memory. An internal communications highway, or
bus system, carries information to and from the CPU, memory and 1/0 units, under
control of the CPU. The CPU is supplied with a clock frequency by an external quartz
crystal or RC oscillator, typically between 1 and 8 megahertz depending on the
microprocessor used and the area of application. The clock determines the operating
speed of the PLC and provides timing/synchronization for all elements in the system.

Virtually all modem programmable controllers are microprocessors-based, using
a 'micro' as the system CPU. Some larger PLCs also employ additional microprocessors
to control complex, time-consuming functions such as mathematical processing, three­
term PID control, etc.

2.1.1 : REGISTERS

Most CPU operations involve the use of a register, which is a memory element
used to store a group of bits on a temporary basis. CPU registers are located inside the
microprocessor. So-called data registers are located in RAM and are used for storing
flags, counter and timer constants and other types of data.A 4-bit register storesa nibble,
which is 4 bits of data. An 8-bit register stores abyte, which is 8 bits of data.A 16-bit
register stores aword, which is 16 bits of data.

2.1.2 : FLAG REGİSTERS

If a bit state (O or 1) is used to indicate that some condition has ocurred it is called
a flag. A register which stores a group of flag bits is called a flag register. The CPU has
an internal flag register which contains information about the result of the latest
arithmetical and logical operations. PLC image memory is effectively aflag register, as it
contains the current status of the inputs and outputs. ·

2.1.3: AUXILIARY RELAYS

Auxiliary relays are singl~-bit memory elements located in RAM that may be
manipulated by the user's program. They are called auxiliary relays because they may be
likened to imaginary internal relays. A battery-backed auxiliary relay is called a retentive
or holding relays and can be used for storing data during power failure. A number of
auxiliary relays may be grouped together to form a register.

It is important to remember that because auxiliary relays are only bit values stored
in memory output loads cannot be connected directly to them. However, auxiliary relays
can be used to control output loads indirectly.
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2. 1.4 : TIMERS

A CPU will have a built-in clock oscillator which controls the rate at which it
operates. The CPU uses the clock signal to generate delay times.A delay times.A delay
time could be used, for example, to keep an output relay energized for a fixed period.

2.1.5 : SHIFT REGISTER

Some register are arranged so that bits stored in them can be moved one position
to the left or to the right with the application of a shift command or pulse.Such registers
are called shift registers and can be used for sequence control applications

2.1.6 : BINARY COUNTER

The CPU may functions as a binary counter since it isable to increment and
decrement binary data stored in a register and compare binary data stored in two
seperateregisters.Counters are used to count, for example,digital pulses generated from a
switching device connected to an input port. An output is usually generated after a
predetermined number of input pulses have been counted. The count value required is
stored in a data register.

2.2: Memory

Memory is charecterized by its volatility. A memory is volatile if it loses its data
when the power to it is switched off and non-volatile otherwise. Common types of
memory include semiconductor memory and magnetic disk. The various types of
semiconductor memory are :

1. RAM Random access memory is a flexible type of read/write memory. All
PLCs will have some amount of RAM, which is used to store ladder programs
being developed by the user, program data which needs to be modified and image
data.

RAM is volatile. This means that RAM cannot be used to store data while the
PLC is turned off unless the RAM is battery hacked. A type of RAM called CMOS
RAM (complementary metal-oxide semiconductor RAM) is suitable for use with
batteries because it consumers very little power and operates over a very wide
range of supply voltages.

2. ROM A read only memory is programmed during its manufacture using a
mask. It is a non-volatile memory and provides permanent storage for the
operating system and fixed data.
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3. EPROM Erasable programmable read only memory is a type of ROM which
can be programed by electrical pulses and erased by exposing a transparent quartz
window found in the top of each device to ultraviolet light. EPROM is non­
volatile memory and provides permanent storage for ladder programs.
4. EEPROM Electrically erasable programmable read only memory is similar
to EPROM but is erased by using electrical pulses rather than ultaviolet light. It
has the the flexıbılıty of battery-backed CMOS RAM. However, writing data into
an EEPROM takes much longer than into a RAM.

2.2.1 : MEMORY STORAGE CAPACITY

The storage capacity of a memory device is determined by the number of binary
digits,i.e. on/off states, it can hold. In microelectronics, 1 K represents the number 1024
i.e. the binary number 2 . A 4K byte memory is capable of 4*1024 words, each of 8 bits,
and has a total storage capacity of 32 768 bits.

Clearly, the storage capacity of the user memory will determine the maximum
program size. As a guide, a lK byte memory will hold 1024 program instructions and
data if these are stored as groups of 8 bits.

2.2.2 : MEMORY MAP

We use the term memory mapping to describe the situation in which input/output
ports are controlled by writing data into the image memory. A diagram which shows the
allocation of memory addresses of ROM, RAM and I/O is called a memory map.In this
image bits are stored in RAM above the user's program and data for flags, counters and
timers. Flags,counters and timers are discussed below. With most PLCs the memory map
is already configured by the manufacturer. This means that the program capacity, the
number of input/output ports and the number of internal flags, counters and timers are
fixed.

2.3 : Multitasking

More advanced PLCs use multitasking. This is the process of running two or more
control tasks using a single CHU. Each tasks has its own program and allocated
input/output ports. The CPU may schedule its prcessing time among the various tasks or
allow events to initiate the various tasks. Tasks are assigned priority levels.Higher-
priority tasks are always executed before lower-priority tasks. · ~

Multitasking systems make use of interrupts. An interrupt is a special control
signal to the CPU which tells it to stop executing the program in hand and start executing
another program stored elsewhere in memory. The CPU clock oscillator can be used to
provide interrupts at regular intervals so that processor time can be shared between tasks.
Alternatively, an external event such as a machine fault alarm can be used to drive the
interrupt line.
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2.4 : Types of ports ( input/output units )

Most PLCs operate internally at between 5 and 15 V d.c (common TTL and
CMOS voltage), whilst process signals can be much greater, typically 24 V d.c. to 240 V
a.c. at several amperes.

The 1/0 units form the interface between the microelectronics of the
programmable controller and the real world outside, and must therefore provide all
necessary signal conditioning and transducers whithout the need for intermediate
circuitry or relays.

To provide this signal conversion programmable controllers are available with a
choice of input/output units to suit different requirements. For example;

Inputs (choice of): 5 V (TTL level) switched 1/P
24 V swiched 1/P

11 O V swıched 1/P
240 V switched 1/P

24 V 100 mA switched 0/P
ııov 1 amp
240 V 1 A a.c. (triac)
240 V 2 A a.c. (relay)

Outputs (choice of):

It is standard practice for all 1/0 channels to be electrically isolated from the
controlled process, using opto-isolator circuits on the 1/0 modules. An opto-isolator
circuit consists of a light-emitting diode and a photo-transistor, forming an opto-coupled
pair that allows small signals to pass through, but will clamp any high-voltage spikes or
surges down to the same small level. This provides protection against switching
transients and power-supply surges, normally up to 1500 V.

In small self-contained PLCs in which all 1/0 points are physically located on the
one casing, all inputs will be of one type and the same for outputs. This is because
manufactererssupply only standard function boards for economic reasons. Modular PLCs
have greater flexibility of 1/0 however,since the user can select from several different
types and combination of input and output modules.

In all cases the input/output units are designed with the aim of simplifying the
connection of process translucers and actuators to the programmable controller.

For this purpose all PLCs ci're equipped with standard screw terminals or plugs on
every 1/0 point, allowing the rapid and simple removal and replacement of a faulty 1/0
card. ...

Every input/output point has a unique address or chanel number which is used
during program development to specify the monitoring of an input or the activating of a
particular output within the program. Indication of the status of input/output chanels is
provided by light-emitting diodes on the PLC or 1/0 unit, making it simple to check the
operation of process inputs and outputs from the PLC itself .
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2.4.1 : ANALOGUE PORTS :

Many types of transducer produce analogue signals variable-speed motor drives
are controlled by an analogue speed command signal.consequently, PLC manufacturers
provide ports for handling analogue signals as well as digital. This are based on analogue
to digital converters (ADCs) and digital to analogue converters (DACs).

2.4.2 : COMMUNICATIONS PORTS :

Many PLCs have ports for network communications and for interfacing to a
computer.

1. Presenting operating data and alarm, etc.via printers or VDUs.
2. Data logging into archive files or record : to be used for process performance

analysis and management information. ·
3. Passing values/parameters into existing PLC programs from operator

terminals or supervisory controllers.
4. Forcing 1/0 points and memory elements from a remote terminal.
5. Changing resident PLC programs-uploading/from a supervisory controller
6. Linking a PLC into a control hierarchy containing several sizes of PLC and

computer.

2.5 : Power Supplies

The CPU, memory and input/output are electronic companents which require
power ( typically +5 V d.c. and +/- 15 V d.c. at a few milliamperes ). A PLC
incorporates a power supply for powering internal companents and input ports.

Power supplies fall into two categories : linear and swich mode. A linear power
supply uses a simple regulator circuit to convert the mains supply to a constant d.c.
voltage. A swich-mode power supply uses a high-frequancy swiching regulator to
produce a series of pulses. Averaging the pulses provides a smooth d.c. voltage. The main
advantages of a swich-mode powet supply are : (a) it is capable of providing a vide range
of supply voltage. (e.g. +/- 24 V d.c., +/- 15V d.c., +/- 5 V d.c., OV), (b) swich action
makes it highly efficiend so that the amount of heat dissipated from the supply is small,
and (c) it is compact and lightweight. Becomes of these advantages.the swich-mode
power supply is often used in PLCs .
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3 : TYPES OF PLC SYSTEM

The increasing demand from industry for programmable controllers that can be
applied to different forms and sizes of control tasks has resulted in most manufacturers
producing a range of PLCs with various levels of performance and facilities.

Typical rough definitions of PLC size are given in terms of program memory size
and the maximum number of input/output points the system can support.

However ,to evaluate properly any programmable controller we must consider
many additional features such as it processors , cycle time, language facilities , function ,
expansion capability ,etc...

A brief outline of the characteristics of small ,medium and large programmable
controllers is given below , together with typical applications.

PC size Max I/O Points User memory size
(no.of instructions)

Small 40/40 lK
Medium 128/128 4K
Large >128/>128 >4K

3.1 : Small PLCs

In general, small and 'mini' PLCs are designed as robust ,compact units which
can be mounted on or beside the equipment to be controlled . They are mainly used to
replace hard-wired logic relays , timers , counters , etc.. That control individual items of
plant or machinery , but can also be used to coordinate several machines working
conjunction with each other.

Small programmable controllers can normally have their total I/O expandet by
adding one or two I/O modules , but if any further developments are required this will
often mean replacement of the complete unit.

This end of the market is very much concerned with non-specialist end-users ,
therefore ease of programming ana a 'familiar' circuit format are desirable. Competition
between manufacturers is extremely fierce in this field, as they vie to obtain a maximum
share in this partially developed sector of the market.

A single processor is normally used, and programming facilities are kept at a
fairly basic level, including conventional sequencing controls and simple standard
functions : e.g. timers and counters. Programming of small PLCs is by way of logic
instruction lists or relay ladder diagrams.

Program storage is by EPROM or battery-backed RAM. There is now a trend
towards EEPROM memory with on-board programming facilities on several controllers.

11



..,

(b)

Small PLCs: (a) Mitsubishi F40 (courtesy Mitsubishi Electric UK
ltd); (b) GEseries 1 (courtesy General Electric).
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(b)

Small PLCs: (a) Mitsubishi F series (courtesy Mitsubishi Electric
Uf< ltd); (b) GE series 1 (courtesy General Electric).
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