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Automation Pyramid

Enterprise Level

ERP

MES Management Level
SCADA Supervision Level
PLC/PAC Control Level
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Ai?jgtr;rs, @ ;’ ’T:( ‘@ )’ ,T} Field Level

etc.
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Automation System

Inputs Outputs

Process

* |nputs are the signals or data received by the system
e outputs are the signals or data sent from it.

* The term can also be used as part of an action; to "perform 1/0" is to perform
an input or output operation.



https://en.wikipedia.org/wiki/Information
https://en.wikipedia.org/wiki/Data_(computing)
https://en.wikipedia.org/wiki/I/O_scheduling

Outputs

e\alves

e Motor Starters

e Solenoids

e Actuators

e Control Relays

e Horns & Alarms

e Stack Lights

* Fans

e Counter/Totalizer
e Pumps

® Printers




Sensors

Active

Elecirical e —
Transducer Quantity

Electrical




Digital Vs Analogue signals
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Analog Signal

I ]

Digital Signal



Switches ) !
1-Level Switch Tg

2-Pressure Switch
3-Temperature Switch Thermostat



Transmitters

1-Level Transmitters
2-Pressure Transmitters
3-Temperature Transmitters

4-Flowmeter.




Phenomena

Hydrostatic

Level

s Hydrostatic

Electromagne
tic

Temperature

_
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Temperature




RTD VS TC
Working Principle

RTD (Resistance Temperature Detector) is a temperature
sensor that works on the principle that a material's
electrical resistance changes with change in temperature.

Z

rmocouple is based on Seeback Effect
inciple when two dissimilar metals are joined, a
redictable voltage will be generated that relates to the
ifference in temperature between the Two junctions.




RTD VS TC
Ranges

RTDs sensors are the best suitable for the measurement
In low temperature range 200 to 400 °C.

/7

hermocouple are designed for the measurement of High
Temperature Range 200 to 1750 °C.




RTD VS TC
Accuracy

RTDs are more accurate than Ther-mocouple. RTD has
accuracy of 0.1 to 1°C.

RTD is more accurate in Lower temperature range.

L

Thermocouple has lower accuracy i.e 0.5 to 5°C.

Thermocouple are more accurate in Upper
temperature Range.




RTD VS TC
Sensors types

PT-100(Platinum-100) is most popular type of RTD. PT-100
produces 100 Ohms on zero degree centigrade temperature.

PT-50,Cu-50, PT-1000 are also used in various applications.

2z

‘type (0 to 1250 °C) Thermocouple is most commonly
sed in industries.

R,S,J type Thermocouples are also used in various
applications.




RTD VS TC
Response

The Response time of RTD is slow. Generally the
Response time of RTD is 1 to 50 seconds.

L

The Response time of Thermocouple is fast compared
0 RTD. Generally the Response time of Thermocouple
is 0.1 to 10 seconds.




RTD VS TC
Cost

RTD often cost more than the Thermocouple due to its

design technique and Material used.

ermocouples are generally cheaper than RTDs.




Pressure

Transmitter
Electronic

output signal

[vented
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Hydrostatic Piezoelectric sensor



o Heflected Signal

Transmitted Signal
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Flow meter
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Mechanical Flow Meter

Faraday’s formula
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Measuring Standards
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Why current signal is better than voltage signal ?

- When voltage sighal transmitted over a long distance it cause
a voltage drop in the wires, so there might be large voltage
difference between the sending end and receiving

end this leads to measure errors

- These errors isn’t found when we use current signals

- The transmitter is generally loop powerd with 24 v supply the
transmitter with this arrangement is called two wire transmitter

- The process signal can be measured by connecting ampere meter
in the series with 24 v supply source



- The response of current signal is more linear than the response of voltage
signal is more linear than the response of voltage

- The noise immunity of current signal and voltage signal depends on
the impedance of the source

The current signal provides low impedance to sensor / transmitter so it
has better immunity to noise

- The accuracy of current signal transmission is far better than voltage
transmission signal



Why 4-20 mA is preferred over 0-20 mA ?

Because the broken wire can be easily detected with using of 4-20 mA



Types Of Control Systems

1-Openloop

2-Closed loop



Open loop Control System

Power input Disturbances

Desired value
| Cotioler | —e— Syslem Vormosed

(set point) | variable

Figure 1A



Closed loop Control System

Comparator
(error detector)

Desired value
(set point)

|

Conl

Power input Disturbances
Ermor ‘ ’
signal
Controller —-——l System
—= Foward loop
Measured value
of controlled ‘
ke | Measuing | __
mears Controlled
vanable

_d—

Feedback loop

vanable



Closed Loop System
Example

Computer Controller

System Driver
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Control in Manufacturing

1-Classic control
2-Microprocessors
3-Microcontrollers
4-PLC



Control Concept

Proximity switch symbols

Prox Amx
.—< - W \/‘“"‘

Normally-open Normally-closed
(NO) (NC)

InstrumentationTools.com



Classic Control

S

ELCTRICAL

| ]
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® Tank 2
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Oil pump



Relays

|
i 3 2 3 2

Coil off: Pin 1 and 2 Coilon: Pin1 and 3
connected connected

A relay is an electrically operated switch, which consists of coil and
switch.
( When no current is passed through the coil, pin 1 and 2 are
connected.
( When current is passed through the coil, the contact is pulled by
electromagnetic force and pin 1 and 3 are connected.
(1 Combinations of switches and relays can realize simple to
extremely complicated logical operations.
1 Control function is defined through wiring switching elements.

i M ike“ Copyrights IKEN 2020



Electromechanical Relay




Classic Control Panels
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2-Microcontroller Vs Microprocessor

Not reprogrammable

Microprocessor

(

CONTROL
UNIT

\&

ALU

\

CPU

REGISTERS

<

MICROPROCESSOR

ADDRESS BUS

DATA BUS

CONTROL BUS

Microcontroller

CPU

'O PORTS

MICROCONTROLLER

RAM

ROM

COUNTERS

TIMERS

ADDRESS BUS

DATA BUS

CONTROL BUS

Microprocessor vs Microcontroller by EEEPROJECT.COM




4-PLC

What esxactly is a PLC?Z?

A PLC is an industrial microprocessor-based controller with
programmable memory used to store program instructions and
various functions



Advantage of PLC

'No | Advantage Description
1 |Flexibility = Universal Controller
= Can replace various independent/ standalone controller.

2 Implementing Changes and = Do not have to rewiring relay panel.

Correcting Errors = Change program using keyboard.
3 |Large Quantity of Contact |= Large number of' Soft Contact' available
4 |Lower Cost = Advancement in technology and open architecture of PLC

| will reduce the market price.
5 |Pilot Running (Simulation = A program can be simulated or run without actual input

Capability) connection.
6 Visual Observation. = Can observe the opening and closing of contact switch on
CRT.
= QOperator message can be programmed for each possible
malfunction.
7 Speed of Operation = Depends on scan time -millisecond.

m Asvnchronous oneration.
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PLC / Main Components

’ Execute Program
Iinput Output
Module - CPU - Module

\& I =/
Field Devices

Field Devices
- Contactors
Programming Device - Valves

- Switches
- Transmitters
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PLC / PLC Manufacturers

Market Market

Share PLC Manufacturers e Bm{.}_d Share PLC Manufacturers LS Bmhd
! Name/s 5 Name/s
Ranking Ranking
B 10 Hitachi EH & H
| Siemens |simatic | |
B&R Automation (part
11 X20 & X%90
2 Rockwell Automation ien L5
| Bradley | 12 Phoenix Contact AXC
3 Mitsubishi Electric Melsec 13 Panasonic FP
4 Schneider Electric Modicon | | | -
| 4 14 LS Electric (LSIS) g pcsick
5 Omron Sysmac | | K& GM
RX3i & XC &
6 Emerson Electric (GE) VersaMax 15 Eaton EasyE4
(GE Fanuc) (Cutler-
| | H
7 | Keyence KV & V-8000 | ommor
. DVP, AS &
16 Delta Electronic ’
8 ABB (B&R Automation) 2?(2%0 S | AH
' ' 17 Fuji Electri Mi
9 | Bosch el Sl s

10 Hitachi EH & H




PLC

Fowear Supply

HOWiE -

Controller

Input Input
Deavicaes Intarfacsa

HRrAL, I |
Remote

Comms
i 8
Other Interface

PLC's

Output Cutput
Intarfaca Davicas

CPU
Processor

Program &
Draatan
PMermory

Frogramming
Terminal



Types Of PLC

* There are three types of PLC.
1. Unitary PLC '




PLC Types
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S7-1200




S7-300

PLC S7- 300 Modules Configuration

g & $ 223338 &

PS CPU - FM: CP:
(optional) (optionalpDI DO Al AO ~Couting - Point-to-Point
- Positioning - PROFIBUS
- Closed-loop - Industrial Ethernet
control
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International Electrotechnical Commission ™ ™

IEC

Ladder Diagram
(X»)

Instruction List
(IL)

Sequential Function Charts Structured Text
(SFC) (ST)

Function Block Diagram
(FBD)
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DATA Type

*Bit Strings — groups of on/off values BOOL
*bit (0,1)

*BYTE — 8 bit (1 byte)

*WORD — 16 bit (2 byte)

*‘DWORD — 32 hit (4 byte)

*INTEGER — whole numbers (Considering byte size 8 bits)
« SINT — signed short integer (1 byte)
* INT — signed integer (2 byte)
 DINT — signed double integer (4 byte)
* LINT — signed long integer (8 byte)
« USINT — Unsigned short integer (1 byte)
 UINT — Unsigned integer (2 byte)
 UDINT — Unsigned double integer (4 byte)
« ULINT — Unsigned long integer (8 byte)

Basic PLC Data Tpes
Oata Type | Desirplon | Sike Rrige
Fini siingle ol Hi t=0N
= OFF

G & bils Ayl 10 1o
+{ 1]
Inf 16 kil Wan 38 TRR A
=1} Il
Uil oz bl Double 2 147 40 fal
Word LT ARLET
Al Floaligpoint | Realar | Lager fran Dint
".".":l ,JI:"_“ I. ar wilh Lecimal
[Hirt,



https://en.wikipedia.org/wiki/Byte
https://en.wikipedia.org/wiki/Word_(data_type)
https://en.wikipedia.org/wiki/DWORD
https://en.wikipedia.org/wiki/Integer_(computer_science)

Addressing bit 0/1 I

Byte (8-bit)

Word 2Byte (16-bit)
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Process Image
Pll

The Process-lmage Input table is found in the CPU‘s
memory area. The signal state of all inputs is stored
there.

PIO

The Process-lmage Output table contains the output
values that result from the program execution. These
output values are sent to the actual outputs at the end of
the cycle.

DO Module .

PIQ

PlI

Al 0.0
=Q 1.0

USER
PROGRAM

DIl Module

60/6




RTU’s

Aremote terminal unit (RTU) is a microprocessor-

controlled electronic device that interfaces objects in the

physical world to a distributed control

system or SCADA (supervisory control and data

acquisition) system by transmitting telemetry data to a

master system, and by using messages from the master
supervisory system to control connected objects.X! Other
terms that may be used for RTU are remote telemetry

unit and remote telecontrol unit. | w@@ﬁﬁ@@@@mmg%mmm

175470 0 7507580 7030 g B 4O 7 T O gy TSRO SR | A | (T el



https://en.wikipedia.org/wiki/Microprocessor
https://en.wikipedia.org/wiki/Distributed_control_system
https://en.wikipedia.org/wiki/SCADA
https://en.wikipedia.org/wiki/Telemetry
https://en.wikipedia.org/wiki/Remote_terminal_unit#cite_note-Clarke04-1

Communication
Protocols

A protocol is a set of rules governing communications.

Allen Bradley PLC

w

Schneider PLC

lvtn

Siemens PLC

ControlNet
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PLC 57-400 DP/PA Coupler

PLC §7-300 ET 2005
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9600 Bits Per Second
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1000 Meters







| RJ-45 Ethernet Jack |
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Standard Ethernet Switch

A




Industrial Ethernet Switch
(SCALANCE)

01001110

@ 01001110 .
IE/PB LINK

- — ,

01001110

—



-|IP Address

Types of Addresses
in Profinet Devices |
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192.168.0.1 192.168.0.2 192.168.0.3




List of Communication Protocols
1.AS-i — Actuator-sensor interface
2.BSAP — Bristol Standard Asynchronous Protocol
3.CC-Link Industrial Networks

4.CIP (Common Industrial Protocol)
5.ControlNet

6.DeviceNet

7.DF-1

8.DNP3

9.DirectNet

10.EtherCAT

11.Ethernet Global Data (EGD)
12.EtherNet/IP

13.Ethernet Powerlink

14.FINS

15.FOUNDATION Fieldbus — H1 & HSE
16.HART Protocol

17.HostLink Protocol

18.Interbus

1.MECHATROLINK

2.MelsecNet, and MelsecNet I, /B, and /H
3.Modbus PEMEX

4.Modbus Plus

5.Modbus RTU or ASCIl or TCP

6.0SGP — The Open Smart Grid Protocol
7.0penADR — Open Automated Demand Response
8.0ptomux

9.PieP — An Open Fieldbus Protocol
10.Profibus

11.PROFINET

12.RAPIEnet

13.Honeywell SDS

14.SERCOS Il

15.SERCOS interface

16.GE SRTP

17.Sinec H1

18.SyngNet

19.TTEthernet

20.MPI — Multi-Point Interface



NMumber of

Protocol Baud Rate Network Length
nodes
Ethernet 100 Mb/s 100 m 255
Frofibus 9.6 Kb/s — 12 Mb/s 1.2 km — 100 m 127
RS-232 19.2 Kb/s 10 m 1
RS-485 10 Mb/s 1.2 Km 32
mMPI 19.2 — 38,4 Kb/s 50 m 32
FFI 187.5 Kb/fs 500 m 1
DH 2304 Kb/s 3.048 m o4
ControlNet 5 Mb/s 1000 m 299
DeviceMNet 500 Kb/s 100 m &




A distributed control system (DCS)
IS a computerised control system for a process or plant
usually with many control loops, in which autonomous

controllers are distributed throughout the system, but there is
no central operator supervisory control.

What is DCS?
-
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https://en.wikipedia.org/wiki/Control_system
https://en.wikipedia.org/wiki/Control_loop

SCADA

Supervisory control and data acquisition (SCADA) is a system of software and
hardware elements that allows industrial organizations to:

*Control industrial processes locally or at remote locations

*Monitor, gather, and process real-time data

*Directly interact with devices such as sensors, valves, pumps, motors, and
more through human-machine interface (HMI) software

*Record events into a log file



Sensors
Sends data to PLCs
or RTUs

Manual Inputs
Sends data to PLCs
or RTUs

A Basic SCADA Diagram

PLCs or RTUs § HMI/SCADA Panel View
Feeds data to - Supervise and control from
SCADA system - an operational terminal

PLCs or RTUs HMI/SCADA Computer

Feeds data to Supervise and control
SCADA system from a workstation



Who Uses SCADASY

SCADA systems are used by industrial organizations and companies in the public and private sectors to control
and maintain efficiency, distribute data for smarter decisions, and communicate system issues to help mitigate
downtime. SCADA systems work well in many different types of enterprises because they can range from

simple configurations to large, complex installations. SCADA systems are the backbone of many modern
industries, including:

Energy Oil and gas Transportation
Food and beverage Power Water and waste water
Manufacturing Recycling And many more



Finally, We get Automation Pyramid




OPC ( Open Platform Client )

OPC i1s a client/server technology. One
application acts as the server providing
data, and the other acts as a client using
data.




OPC ( Open Platform Client )

Data consumers Connectivity middleware Data sources



OPC is a widely accepted industrial communication
standard that enables the exchange of data between multi-
vendor devices and control applications without any
proprietary restrictions.

An OPC server can communicate data continuously
among PLCs on the shop floor, RTUs in the field, HMI
stations, and software applications on desktop PCs. Even
when the hardware and software are from different
vendors, OPC compliance makes continuous real-time
communication possible.
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