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Controlling and Monitoring Industry
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Programmable Logic Controller

Definitions of PLC

The first PLC Construction - g %
by General Motors in 1968 ’f,
¥

{ » . . ‘ " .
Programmable logic controller (PLC). .y

Programmable controller (PC).

« 1974 Multiprocessing PLC
— Logic, timer/counter, data move, arithmetic
— 12k memory, 1024 input and output
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Programmable Logic Controller s

m PLCs are easy to program and install

m The speed with which internal times operate is much faster than_¢ ' -
conventional time delay relay systems g &
J s
"

m Access to PLCs could be restricted or protected %

m PLCs have the advantage of problem-solving capabilities, over any
other type of control system |

m PLCs are usually designed with communication capabilities
that allow to interface with local or remote computer systems
or operator. \

m PLCs are extremely reliable
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m Function of input output data & Instructions of HC
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The Brain

Control | Instructions
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Execution 'y
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Focket
Calculstor

THE MAIN COMPONENTS OF A HUMAN COMPUTATION
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Programmable Logic Controller

m The main Components of the Machine Computing
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PLC BLOCK DIAGRAM

Input Devices

Input Circuits
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Programmable Logic Controller
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Cutput Circuits Relays
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Programmable Logic Controller 5
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Programmable Logic Controller .2

/J(‘!l Q
m Consequently, every PLC must have the following =
components: g

— A Processor Capable of interpreting and executing g
programs.

— A Memory for Storing Programs and Data

— A Means of Transferring information between the
Memory and the Processor.

— And between the PLC and the Qutside World
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Programmable Logic Controller »

The Input Interface

The Output Interface

The CPU and MEMORY

The Power Supply

The Program

The Programming Languages

The Programming Device, or Programming
Terminal
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Programming
device cable Programming device

Transferring a prog

Machine to be
controlled

CPU

Output module

: AN

Power supply module Input module
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Programmable Logic Controller &
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Basic Procedure projects can be created in different orders. “r ) - y

Designing the solution to the automation task

Creating a project

Option 1 Cption 2

Configuring the hardware Creating a program

Creating a program Configuring the hardware

‘ Transferning the program to the CPU and debugging I
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v Digital output
module : module
E'_',I'TE ﬂ » E'_'ll'tE 4

Bits 0to T : BitsDto 7
z —{

Digital input | Digital output
madule — module
Byte 1 - Byte 5

Bits0to 7 m Bits 0to 7

Absolute address: | 15
N

e
7\

Input Byte 1 Bit 5
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Programmable Logic Controller
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An input }

accepts a variety of digital or analog signals from various
field devices (sensors) and converts them into a logic

signal that can be used by the CPU.

The CPU makes decisions and executes control

instructions based on program instructions in memory.

‘ Qutput modules }

convert control instructions from the CPU into a digital
or analog signal that can be used to control various

field devices (actuators).
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Programmable Logic Controller
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A programming device is used to input the desired
— instructions. These instructions determine what the
PLC will do for a specific input.
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An operator interface device allows process
information to be displayed and new contrel
parameters to be entered.
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Input CPU Output
P — ||Central Processing||—=> P
Module ) Module
Unit
Operator
Interface

Pushbuttons (sensors), in this simple example, connected to
PLC inputs, can be used to start and stop a motor connected to
a PLC through a motor starter (actuator).
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Programmable Logic Controller ¢
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Programmable Logic Controller
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S N p - Circuit diagrams had to be designed, electrical
E |Start . .
S components specified and installed,
Sowly o
= [stop[—{>= } and wiring lists created.

This is often referred to as hard-wired control.
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A sensor

Is a device that converts a physical condition into an

electrical signal for use by the PLC. Sensors are connected to
the input of a PLC. A pushbutton is one example of a sensor
that is connected to the PLC input. An electrical signal is sent
from the pushbutton to the PLC indicating the conditon (open/

closed) of the pushbutton contacts. | Pushbutton
(Sensor) PLC

Input 1
m




Teknisk Konsult Byra

4

Programmable Logic Controller s

Actuators

convert an electrical signal from the PLC into a
physical condition. Actuators are connected to

the PLC output.

A motor starter is one example
of an actuator that is connected

to the PLC output. Depending on

the output PLC signal the
maotor starter will either start or
stop the motor.

PLC
Qutput 1
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Analog Input // * :{' 3

Aninput to a system that can continuously vary over a range of
current arvoltage such as 4 to 20 milamps or 0 to 10 volts.

e
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Load Cel

s |

0 - 10 VDE

Wilmight

B Lba = 1 WIND
100 Lbs = 2 VInZ
00 Lbs = 4 VI
40 Lba = 8 VD
GO0 Lbs = 10 VD
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Analog Qutput

An autput from a system that can continuously vary over a range of
current orvoltage such as 4 to 20 milliamps or 0 to 10 volts.

Transducear Analog Walght

Analog Output

0-10VDC
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Programmable Logic Controller

PLC'S Are

lllll

Applications can be immediately documented

® Smaller physical size than hard-wire solutions

® FEasier and faster to make changes [P

® PLCs have integrated diagnostics and override functions
® Diagnostics are centrally available N
°

®

Applications can be duplicated faster and less expensively

S57-400
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The Power Supply
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The Power Supply

External Power Supply Unit:

1- For Relay Output

: Voltage 24 V DC #10%

Ripple Voltage less than 4 Vp-p

Current 150 mA (24 VDC at all points ON)
Output points 16 Points

2- For Transistor Output (Source Loading)
: Voltage 12/24 V DC (10.2 to 30V)
Current 100 mA (Type all points ON)
Output points 64 Points




The Power Supply

External Power Supply Unit:

3- For Transistor Output

: Voltage 12/24 V DC #10%

Current 135 mA (24 VDC at all points ON)
Output points 16 Points

4- For TTLand CMOS Output

: Voltage 5/12 V DC #10%

Current 100 mA (12v DC type per common)
Output points 32 Points




The Power Supply

o ED for “24 VDC output
g " voltage available”
. . Il
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| On/Off switch for
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L
| B
. Ihy
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=5 @_ Basic Diagram
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- Strain-relief assembly
Winng Schematic of the PS 307
Power Supply Module (2 A)




The I/O System

Signals from Process
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Signals to Process

~——— Hlock diagram for PLC showing IO interfface —




The I/O System

Input/Qutput (I/0) System

The part of a control system that interfaces to the real world. The /0
system accepts signals from switches and sensors, and provides

signals to actuating devices, indicators, etc.
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Discrete D Gy - 230w
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The I/O System

o‘}\}\c} chT:-
FIELD INPUT DEVICES
Frovides the "5TGHTS & S0OUND" of the Contral Siystem

to the Frocessor T ———

/0 MODULE TERMINATION
The Interconnection rmeans Bebweon the Real World

Devices & The PLL Syaton — ———

INPUT MODULE BLOCK DIAGRAM




The I/O System

Input Conditioning
& Level Convarsion .

CONDITIONING AND LEVEL CONVERSION
Converts the Fleld Signals to LOW-VOLTAGE level and
formats usable by the FC Frocessor

——?——

Ao oo (T

MODULE STATUS INDICATORS
Frovides a Wisual Indication as to the
Functional Status of the Tnput Wodwie Foints

———?———

INPUT MODULE BLOCK DIAGRAM




The I/O System

E I

ELECTRICAL ISOLATION

Flectricaily lsoiates the Feld Sighala from the
Frocessor Sighals

——?——

INTERFACE/MULTIPLEX ELECTRONICS

Electronic Circuitny that provides High Speed ™
FICTURES" of INFUT Device Statuses to the
Frocessor

INPUT MODULE BLOCK DIAGRAM




The I/O System

Rectifiers and Reslstors
to Comvert Incoming AC
S.'gna.l's to Frocessor Levels

O Moduwie

Electrical laolation

Movse Reduction
Capacitor
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High Speed Analog to Digital Comversion of
ariable Input Signals

FORMS OF INFUT MODULE LEVEL CONVERSION

INPUT MODULE Level Conversion
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input Paint R :
Tetrinal Logic (+) 47
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INPUT MODULE Level Conversion
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Input Point R 17 A e
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. E2h X :
" X NN Logic (* g i
P e b 4 « e, -
Neutral i .
Torminal = e Sighalto Pro

I\% Logic indicator

o Logic(

Processor Logic S

/0 Module Level Conversion m
Termination
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The I/O System

LOGIC STATUSES OF WARIOLIS
INDIWIDUAL INFUT MODULE POINTS

Electranic Circuits which Multiplex
Module Input Logic
=tates to Processor

FROCESSING TIMIMG &
INPLIT CONTROL SIGMALS

SERIAL DATA TO PROCESSORN

o[1{1]a[1]{o{o[1H1]1]1]o]o]1]0[1}|——

Input Module Interface/Multiplex Electronics

INPUT MODULE Level Conversion




The I/O System

Physical | - Transducer signal AlD y
System | 7| Sensor Conditioning Converter Sl
L e[
N L 7 s
= R NP
Resolution 1001110
0110110
Physical Noley Filterexd T L
Variable: E lectrical And 114
Temperature Signal Amplified 16 Samples }M
Fressure signal Per Cyela 01 1
faotion 001
Flow 0010000
Digitized S-Bit
signal Binary Code

Signal Flow




The I/O System

Resolution

Sampling




The I/O System

4 Samples |J_|'|
".IFarE}mIa
4 fll * 2-Bit | |
Conversion
/_\\ Analog m%sﬁrggnia FH_LLH Resolution
Waveform ar Cycla
—+ + L
J-Bit
Conversion
Sample Rate 16 Samples
Per Cycle N

5-Bit \/
Conversion

Signal Flow
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Discrete Input

An input that is either on or off.

Input 1

Discrete Output

An output that is either an or off,

= Pushbutton

= Selector Switch

= Limit Switch

= Relay Contacts

= Motor Starter Contacts
» Photoelectric eyes

= Proximity Switches

= Thumb-Wheel switches
= Circuit breakers

U Control Relays
Q Alarms

O Valves

U Motor Starter
O Solenoids

O Fans

O Lights
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From field wiring ¢ Limit Switches

llll +— as Exambles

A type of position sensing switch

that opens or closes its contacts

il when its actuator is moved by
an object.

Logic m
T, Status
light
i Optical Isolation v

1d

il

To CPU / Memory

Block diagram of AC/DC input Circuit




The 1/0O System

+24 Digrtal input Digital cutput
module module
Byte O
Bits 0 to 7
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Digital input Digital output
madule module
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Bits0to 7 Bits 0to 7

Input Output Device
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Module View and BElock Dhagram of the Digital Input Module ShI 321: DI 32 24V DC
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status light

Contactor
An device used to

energize and

de-energize an electrical circuit.

-
T
T
Canl
gl

Block Diagram of an
ACor DC Dutput Interface Contactor Deanergized

Signal
Contactar Enargized




The I/O System
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The I/O System
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The I/O System

Thyristor

A family of multi-layer semiconductor devices that includes silican
cantrolled rectifiers (SCR), tnacs, and gate turnoff (GTO) thynstors.

Thyristors are often used in rectifier ar power switching circuits.

ZCR Triac
Anode Tarminal 2
Gate Gate—!
Cathode Terminal 1 o Line
—;_,H.
Triac
I Rz
A0
J_Iﬁ ﬁ; Cs
From Logic
» o Load
orTy 0 Circuit f AC Modul
COLUPLER utput Circuit for an odule
(lsolaton)

Output Module




The I/O System
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