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The 4 Industrial Revolutions

I.."a'i.I.iI'.'.il'.l.il'.'.'D.""..I.'I‘..I. .‘..I.'I.DII'.I.I.I.'I. i.ll'liuil'.l.il'...Il.".

18th Century N 19th Century T oday \

20th Century

Industry 1.0 Industry 2.0 Industry 3.0 Industry 4.0

Machanical production. Mass production assambly Automated production Intelligani production
Equipment powered by lines requiring labor and Usirag electronics and T incorporated with loT, cloud
steam and water electrical enargy technoéogy and big data

Life Is On

Confidential Property of Schneider Electric |

Schyeider



What is Automation?

“The technique of making an apparatus, a process or a system
operate automatically”

“The technology by which a process or procedure is performed
without human assistance”

“Making Products under the control of computers and programmable
controllers”

e “The Creation and application of technology to monitor and control the
sc'&_ﬂiﬁlgﬁt production and delivery of products and services”

LifelsOn | Schneider
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Introduction to Automation Systems

An Automation System consists of sophisticated hardware and software components that
automatically manage and monitor processes within an industrial plant with minimal or no human

intervention.

Automation systems are industry influenced, different systems are developed to provide solutions to
meet industry requirements

Key Takeaways in this session
« Identify different types of control loops
* Define automatic control systems

» Identify common components of industrial process control system
Lifels On | Schneider
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A plant reguires control systems to operate and maintain industrial production processes. Processes within the plant convert input data to output
data. Using the control components and output data, you can achieve accurate measurement and precise execution of these processes.

This topic provides answers to the following questions:
= What is a control system?
» What is the difference between an open-loop and a closed-loop system?
= What is feedforward control?
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Introduction to Control Systems

A control system operates either manually or automatically to manage
dynamic processes by adjusting or maintaining physical variables, such
as temperature, speed, or flow rate.

The following figure represents the flow of activities in a control system.

I+ »

To ensure smooth flow and better optimization, a control engineer relies
on a control system to allow proper input, execute the process, and
obtain an output.

Control systems can be categorized into two types of operation:

Manual Control Systems — Processes which are controlled by a
person, such as a farmer operating a cultivator to remove weed from
soil.

Automatic Control Systems — Processes do not require a person to
operate the system; a machine runs the system independently. An air-
conditioning unit which has its output temperature setting controlled by
a thermostat is an example of an automatic control system.
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Objective of Control Systems

Modicon PAC controllers support the customers to achieve the following aims

Real time operations management

Robust Safety and environment management
Better quality control and customer service
Performance control and management
Accelerate processes

Improve productivity and accuracy

Boost sustainability, Save time and money

LifelsOn | Schneider
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- Operating principles

Operative Part

Sensors

Actuators

acts on
physical values
solid, liquid or gaseous products
machines or processes
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- The various parts

Command Part
Control
X
Processing
\ Operative Part '
Sensors | Process
- - Pre-actuators
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Applications of PLC

Typical day to day use cases
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Applications of PLC
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Open-Loop Control

Control systems can be further classified into two common classes
depending on how information is used to decide an action.

An open loop control system is a system that does not feed
information from the process to the controller to decide the control
action,

A sprinkler system controlled by a timer is a good example of an open
loop system. If the timer is set to open the water valve at 9:00 pm

every day, it does so regardless of the intensity or availability of water.

Here are commeon examples of the use of open-loop control to control
a process:

* An automatic light dimmer controlling a light bulb.

* An adjustment knob to decrease the heat on the hob.

* A fire alarm, the electronic sensor sense the fire, the alarm rings.

Dimmer Switch

—

Adjustment Knob

—

Input

&

Electronic
Sensor

Z

Bulb Brightness

—

Gas Flow = Heat

— @
== L3

Alarm Signal
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Closed-Loop Control

A control system whose controller is using a measure of the processed

output as feedback to decide the control action is a closed-loop or L
feedback control system. Light Dimmer ulb Brightness

The controller uses the set point to compare with the measured

; Light Sensor
process output to compute the control action.

A common household item which uses closed loop control is the —

refrigerator. Thg controiier‘uses a thermostat tp compare the actual Haaior Oven Temperature
temperature inside the refrigerator to the required temperature. If the

temperature is too high than what was set, the controller starts the

cooling process. When the temperature becomes too low, the Temperature

controller shuts the cooling process. Sensor

Here are other common examples of the use of closed-loop control:

* The electrical current feeding a bulb Accelerator ‘ D Car Speed
* A temperature controller of an oven

* A cruise coniroller of a car

Speed Sensor

Sc

93

eider

Electric




Fundamentals of Closed-Loop Control

A control system closed-loop helps you measure, evaluate, and actuate a control system. The following illustration depicts the flow of process in a
control system with feedback.

Load Change
Manipulated Controlled

i Variable
Selpoint (5P) Variable

Final Control

B
Elarmant | 2 Process

Sensor and
Transmitter

Theoretically, a closed loop consists of four basic components:
* Controller
* Final control element
* Process

* Sensor and transmitter

You must define the setpoint (SP), manipulated variable, and controlled variable for a feedback loop.

Page 4 of B
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Feedforward Control System

Control systems are complex systems whose characteristics are not limited to just the two basic classifications discussed so far. Control systems can
use predictive control as a form of early warning to the control system. An experienced control engineer, who fully understands the process, identifies

trends or any information that can predict a fault or a certain state. The engineer feedforwards the information to the control system to take the
appropriate control action ahead of time.

The images below show examples for feedforward control. Click each image for more information.

Page b of
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You can observe the feedforward control mechanism in
a water balloon toss contest. When a person tosses a

water balloon towards his team member standing a few
meters away, the latter receives the balloon without
giving too much pressure to the balloon. He controls his
body to receive the balloon gently so that the balloon
will not burst. Knowledge of what was heading helped
him succeed.
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A more complex example is the control of power
generation plants in industry. During summer, there is

high consumption of electricity because of high usage of
air conditioners. To meet electricity demand cycles
during summer, power plants feedforward this
information to the plant controller to get the plant ready
for the upcoming demands and thereby increase the
power generation output.




Automatic control systems are becoming imperative in all fields of engineering. The control systems applications cover a very wide range of designs,
from delicate electronic equipment to massive industrial equipment, such as steel manufacturing.

This topic answers the following questions:
= What is an automatic control system?
- Whatis the analogy between automatic control system and human body?

Confidential Property of Schneider Electric | a Electric



Automatic Control Systems

Some of the earliest automatic control systems, such as water clocks,
ages back to 270 BC. Automatic control systems evolved in complexity
during the Industrial revolution, hence entering the digital age.
Advantages of automatic control system include but are not limited to:

* Increased quality with minimal human intervention and errors

« Achieve high levels of consistency and accuracy

* Monitor operation and performance

» Increased productivity with reduced cost
Engineers use feedback systems to ensure that the system is stable,

robust, immunized against disturbances and that the systems output
tracks the command signal.

Controllers or compensators receive feedback from actuators,
sensors, motors, and other devices with set parameters. Predictive
feedback can be fedforward to the automatic control system, when
required.

Page 3 of 4




Control System Analogy

The functionality of a control system resembles a human body, where

n:

The control processor acts as the brain of the system.

The historian is the memory and the control network represents the
human nervous system.

The display units function as the eyes of the control system.

The field devices (instruments) work similar to the other human body
parts.

Control Processor

:

i

Field Devices




Industrial Processes

The automatic control systems help control and manage complex industrial processes.

This topic answers the following questions:
+ Whatis an industrial process?
» What are the types of industrial production processes?
+ What is the evolution of industrial process control systems?
* What are the components of industrial process control system?

Schneider
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Industrial Processes QOverview

Industrial processes are procedures involving chemical or mechanical
steps to aid in the manufacture of one or more items. Such processes
are performed on a large scale using automatic control systems.
Some of the popular industrial processes are:

Forging

Pyroprocessing

Refining

Machining

Distilling

Mining

* Casting
Stamping
Smelting

et Schneider
.9 Electric
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Industrial Production Processes

There are three types of industrial production processes. Control systems can operate one or more types of production processes.

Click each production process for more information.

Continuous Production Process Discrete Production Process Batch Production Process

Page 2 of & Schneider
& Electric
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A continuous production process is a nonstop
procedure wherein raw materials are continuously fed
into the plant. These materials pass through different

stages in the production process and the final outcome
continuously flows out of the plant.

In large, continuous production processes are followed
by petrochemical plants, oil refiners, power stations,
and pulp and paper plants.
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In a discrete production process, an individual product
is built in stages; for example, cars, computers, and

mobile phones. In contrary to the continuous production
process, a discrete process is a discontinuous process.
A process starts, performs a function, and then stops. In
the next stage, the output moves on the conveyor belt.
After this cycle of events, another discrete process runs
until the final product is produced at the end.
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Batch production process is a combination of
continuous and discrete processes, wherein products
are produced in batches.

For example, a bakery uses a reservoir to prepare

dough, which is sufficient to bake a batch of 1,000
cookies. After the reservoir empties, the baker uses a
continuous process to prepare the dough, which is used
for the next batch of cookies; the process is sequential.

Examples of industries that use the batch process are
pharmaceuticals, beverage, and newspaper production
plants.




Logic Control Basics

After discussing open-loop and closed-loop control systems, which are the basic control solutions facilitating continuous control.

Discrete control systems, where the values to be controlled are described as on-off, are controlled through conditional or sequential logical
functions.

For example, a control unit of a cable car transferring people or goods from one peak to another can be divided into two categories:
Logical (Sequential):
1. When push button one is activated, the cable car moves towards peak one.

2. When proximity sensor one at peak one detects the cable car, the car doors opens.
3. When close doors push button is pushed, the car door closes.

Continuous:
1. If the set point and position changes to a new state, the car moves towards that state at a speed predefined per controller tuning.
2. When the cable car approaches the preset state, the car reduces the speed and opens the doors upon arrival.
3. The controlier continuously compare the setpoint with the current state and take the control action accordingly.

We will learn more about the logic control in the PLC topic.

Page 3 of B SC
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Industrial Process Control Systems

Industrial process control systems manage and monitor the control
loop of an industrial process.
Common industrial process control systems include:

* Programmable Logic Controller (PLC) system

* Distributed Control System (DCS)

* Supervisory Control and Data Acquisition (SCADA) system
Using industrial process control systems, you can:

= Automate all industrial processes and activities.

Minimize or eliminate human intervention.

Execute a pre-defined action based on the result of a process.
Perform real-time operation management.
Ensure better performance and productivity.

Page 4 of §




Evolution of Control Systems

The industrial process control systems have undergone years of research and development to adaptively provide better functionality and
integrate high level technologies.

Digital computers and software technolegies are advancing; systems initially designed for different, but complementary industrial automation
requirements are converging. The differentiating lines between various classes of industrial automation systems will eventually disappear as

more universal automation platforms emerge. The timeline below explains how and why each system was developed. Click each system for
more information

Analogue Devices

Microcomputers

. H

=
-

El

.

Mote: Distance between blocks does not reflect timeline, it is for illustration only.

-
Page 518 Schneider
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Evolution of Control Systems

Before the 1950's, only mechanical and electrical manipulation succeeded in operating process controls. Control systems were basically a
group of analogue devices or relays connected with wires.

Microcomputers

Analogue Devices

-
=

Note: Distance between blocks does nol reflect timeline, it Is for illustration only.
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Evolution of Control Systems

In the 1960's, computers were introduced in process control systems as assistive tools and not as the main process controllers. The process
was run by analogue devices, and computers assisted in supervision and limited process control functionalities.

Analogue Devices Microcomputers DCs

L 4
[

Computers SCADA

Note: Distance between blocks does not reflect timeling, it is for illustration only.

Page 5 of 6 SChHEider
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Evolution of Control Systems

In the 1970’s , microcomputers and microprocessors evolved. They leveraged for cheaper, smaller, and faster computer process controlled
systems.

BCS

Analogue Devices Microcomputers
-
.
0 0
Computers SCADA
MNaote: Distance between blocks doas not reflect timeline, it is for illustration only.
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Evolution of Control Systems

PLC systems were developed to replace the earliest types of control systems, the Relay control systems. Relay control systems consumed a
lot of space and required extensive wiring. The process changes were time-consuming. Troubleshooting was a tedious job because of
extensive wiring and vast reference documents, which complicated tracing wires connecting the Relays.

In 1969, the first PLC was introduced, the Modicon 084. Ladder logic was used to configure the controller and is still used in Modern PLCs.
PLCs were designed to have the program downloaded to the memory through an engineering station, the processor runs through the logic
control sequence using the logic solver, while controlling field equipment through a field interface device.

Microcomputers

Analogue Devices

-
-

Note: Distance between blocks does not reflect timeline, it is for illusiration anly.

Schneider
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Evolution of Control Systems

By the 1980s, industries were transferring from analogue control systems to computer systems. The concept of a central computer system
interfacing with a network of computers controlling processes was introduced. Demand for a geographically and functionally distributable
system grew and DCS was born.

Analogue Devices Microcomputers

=
-
-

Note: Distance between blocks does not reflect timellne, it ks for llusirafion only

Page 5 of 6 SChrIEider

Confidential Property of Schneider Electric | g Electric



Evolution of Control Systems

SCADA systems provide automation solutions for long distance, such as long pipelines. These pipelines require supervision and controls
similar to industrial plants controlled by DCS and PLC systems. SCADA systems extend automation beyond the plant over long distances.

This course discusses SCADA for telemetry solutions, that is automation over distance using Remote Terminal units (RTU) supervised by a
Master Terminal Unit (MTU).

Note: The term SCADA is ambiguous because some personal computers with software similar to DCS functionality, such as operator
interfacing and process control, are also called SCADA.

Analogue Devices

Microcomputers DCS

Note: Distance between blocks does not reflect timeline, it is for illustration only.

BT Schneider
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Industrial Process Control System Components

A typical process control system consists of the following three components.

Click each component for more information.

Control Field

Page 6 of 6
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PLC control systems are used in a wide range of industries because they are easily programmed, maintained and can withstand tough
environments. .

This topic answers the following questions:
* Whatis the PLC hardware?
* What are the PLC programming languages?
What are the advantages of PLC?

Schcider
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Programmable Logic Controller Overview

A programmable logic controller (PLC) is a modular solid state computer with custom programming. PLCs are used in industrial control systems for
machinery in a wide range of industries, including many of those involved in critical infrastructure. PLCs replaced many antiquated systems, such as
relays, drum seguencers and cam timers. PLCs are not as functionally rich as DCS.

PLC is essential in processes that require high reliability control, such as robotic devices or assembly lines. PLC processes a program from the
memory, reads the signals from the input devices, and then takes a decision that affects the output devices per program logic.

Inputs Outputs
> >
i
L
LA A & »
pyve >
v P >
> >
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PLC Hardware

The following are PLC hardware components:

* Processor module
* Power supply
* /O modules

In the displayed figure, the arrows between blocks indicate the
information and power flowing directions.

The processor module consists of the central processing unit (CPU)
and memory. In addition to a microprocessor, the CPU contains an
interface to a programming device. It also contains interfaces to remote
I/O and other communication networks. The power supply is usually a
separate module.

The /O modules are separate from the processor. The types of I/O
modules include discrete (on/off), analog (continuous variable), and
special modules like motion control or high-speed counters. The field
devices are connected to the /O modules.

The programming terminal in the diagram is not a part of the PLC, but it
is essential to have a terminal for programming or monitoring a PLC.

Page 2ol &
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PLC Programming Languages

A programmer writes PLC programs in a special
application on a personal computer, and then

starting transportation Belt ]

downloads through a direct-connection cable or over a A Belt_motor
network fo the PLC. He stores the program in the PLC AND_BOOL' RS ©
either in battery-backed-up RAM or some other Forming—o{IN1 ouTt s Q1}—Belt_running
nonvolatile flash memary. Generally, you can program a Matanai—oe—]ina = A, S
single PLC to replace thousands of relays . B
You can program a PLC using the following standards- 3 -
based programming languages: OR_BOOL oo
Surtzproo;s;-c ::; ouT
« Ladder diagram (LD) Matensi-oles]ina
= Sequential Function Chart (SFC) -

« Function block diagram (FBD) S |
» Structured text (ST) - -
Instruction list (IL r
: () £ Alrming: (MAST e
(* Alert for temperature to low ¥*) -
These languages emphasize logical organization of CAL Temperature monitoring 1 (
operations. conoé =1, e s
The fundamental concepts of PLC programming are kxS  a
common to all manufacturers, differences in IO )
addressing, memory organization, and instruction sets O
mean that PLC programs are not interchangeable
between different makers. Even within the same cuc.O;;u;p?:a:un_mnuoung_z (
product line of a single manufacturer, different models CONDO := Temp_fault_2,
may not be directly compatible. 2 O 720 W 0 ] ERROR => Alert_2
; art Process = )
E _|s«| T‘;T s"':r’"?'" (* Warning for feeder empty *)
5 Eln oss "'“""'('f;""'"“ CAL Feeder monitoring (
4] i oot 1="2, ,
- material vake B to 20 CONDO := new_material_ demand,
5 ERROR => Alert_3
1 )
7 ' OPERATE N
L] cv_Material_B:=1000; « »
8
9
10
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PLC Advantages

The advantages of PLC include:
» Increased system flexibility
Low cost
Fast system response
Easy troubleshooting
Controlled remotely
Space efficient

these advantages imply the following:

* You can run many machines on one single PLC.

+ You can simply retype the logic to make any change in circuit design or
sequence. Correcting errors in PLC is extremely short and cost
effective.

+ You can test and evaluate a PLC program in a lab.

Page 4 of &




What is an RTU?

27 An RTU, (Remote Terminal Unit) is an electronic device which
@ operates as a stand-alone data acquisition and control unit. It also
interfaces remote stations with Telemetry/SCADA systems or other

Distributed Control Systems (DCS).

-

RTU Ethernet

RTU

i |
Life Is On
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RTU Key Features

The key features of an RTU are:
« Monitor Analog and Digital field values.
« Transmit data to the Central Monitoring Station.

« Support standard RTU protocols.
— DNP3
— |EC 60870-5-101 & 104
— Modbus

« Communications with other RTUs.

» Generally for wide geographically dispersed Telemetry applications.
« Harsh Environment support. (-20deg to +70deg C)

» Act as a Relay Station (Store and Forward).

* Non permanent communication connections. Lifels On | Schneider
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RTU vs. PLC

Plant solutions use PLCs to automate
process control through connection with field
devices.

* Important characteristics for PLCs in the plant
environment include determinism of control
algorithms, 1/O performance and
interconnectivity with field bus technologies.

Remote solutions use RTUs to collect data
from field devices.

* RTUs provide sophisticated communications to
overcome the unreliable, non-permanent and
low bandwidth nature of many remote
communication solutions.

* RTUs do this whilst preserving information
integrity. RTUs often integrate data from a wide
variety of local devices.

Confidential Property of Schneider Electric |
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Plant vs. Remote Challenges

SCADA Communication links:

« Plant: high bandwidth, network engineered for high reliability, typically < 100 local
devices.

* Remote: low bandwidth, low reliability, long distances to field sites, typically 20 ~ 2000
remote devices.
Communication Methodology:
* Polling of PLCs: current data.

* RTUs: event driven, polling, optional unsolicited reporting.

Communication Protocols:
* PLCs: OPC, Modbus/TCP, EtherNet/IP protocols.
* RTUs: DNP3, IEC 60870-5, Modbus, proprietary.

Field Devices:
* PLCs: Large I/O counts, Fieldbus connectivity.

« RTUs: small to medium I/O, integrated/lower price expectation, discrete devicg jfe |s On | Schneider
Confidential Property of Schneider Electric | Communlcat|on (more pOl‘tS) g Electric
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Our Offer for Plant Automation:

Providing users with greater Information transparency, efficiency, redundancy, and flexibility to make operations more efficient
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I:I . Life time services %

Transparency from the field to Enterprise

Seamless Integration of Hardware & Software

¢

Remote Discrete/Hybrid . Process
coStruxure Plant DCS
M340 RTU M340 M580

Best in class offers across 4 key automation profiles
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90 Years
of innovation and leadership

2019

The first redundant
Safety ePAC

[ |
1 - 2017
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S 2014
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MODICON
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- 1 996 W Quantum Safety
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One scalable Modicon PAC Offer with tangible benefits

AVl Time to Market LEM Productivity BEUA N Likelihood of SEVLE process Energy paall |mprove
@ @ cyber-attacks % Consumption Ii,J\ Revenues
ﬁ S

Control
Expert
Software

* Achieve earlier return on automation
investment for greenfield and

Modicon ;--ﬂ Modicon [REeer 1 (I ey Bl T modernization projects
M340 . |$|'-, e B !

M580

: - Operate efficiently and protect your
Modicon S ociesn plant with increased availability and
irewall & .
MC 80 Switch strong cybersecurity

Modicon

et Modi . - .
P > 1 ‘;(E;gm Unleash quickly the potential of

/O System o LR /O System digitization in your automation to better
grow your business

... to serve Automation needs in a wide range of Industries

Water & Waste Food & Mining, Metals Oil & Gas ——
Water Beverage & Minerals
Pumping station Dairy Foods, Liquid Extraction, Grinding,

control, Desalination Foods, Agro Business conveyors, Cement,

plants, Waste (Silos, Sugar..) ﬁﬁ blast furnace, steel

ConfdenijeiRsprtriyattbrstder TEch production

Energy

Generation
Gas / steam turbine
control, solar field
management,
nuclear auxiliaries

Transportation
pipeline management
Gas Processing

Airports luggage
systems, metros /

tunnel signaling :
control..




Application in Digital Plant Field

Apps,
Analytics ;

£l

Answer customer challenges

& Services  Aveva softwarer and market trends
Engineering  Asset Performance EcoStruxure EcoStruxure EcoStruxure EcoStruxure
Planning & Ope’af’D"SICOntrol and Information Profit Advisor Control Advisor Asset Advisor Resource Advisor

|
( n Ethernet ring )

Edge
Control
= "—
Modicon
Harmony PAC & PAC EcoStruxure EcoStruxure
Edge Box and Industrial PC € Control Expert Process Expert DCS
Connected
Products e
Rl
ATV Process STB1/O Harmony HMI Sensors Field Devices iPMCC
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With lloT-ready solutions, industrial
operations are future-ready

(™ ENHANCED SAFETY

~~ DATA-DRIVEN OPTIMIZATION

) GREATER CYBERSECURITY

M MAXIMIZED PRODUCTIVITY
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3.2 End User Sl
GT™M

Managing the full Value Chain

Integrate on the Value Chain

for Prescribed Accounts

— . ADE/Sales
Technical Support
Application Value Proposition EU ~
EcoStruxure Industry (SW included) - EPC [ OEM

Industry (Indirect)

Certified SaE Masters L G
Ecosystem 3| ~
I T ! ry

Management EcoStruxure EU/SI Sales

Force, Prescription

Focus on Segments
— and selected sub-segments

il No changes on the current model
OEM for non-prescribed OEM
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Questions to be asked for Automation

Are you using Automation in your current plant? What is your plant process? Continuous , Discrete , Batch + UTILITIES (WAGES)

If yes, who is the current supplier of automation?
What are the parts of the plant that are under automation?
Are the utilities integrated in it?
Are you happy with the service?
Is Automation fulfilling your expectations for plant performance? Or Do you still rely on the Operator for manual controls and automation only for monitoring
What are your future expectations

Would you like to have utilities, plant and electrical integrated into one system? Or are you looking to expand the scope or have any more capacity
augmentation ?

Reduce the reliance on the operator?

Help you with planned maintenance / increasing the operational efficiency?

If no, are you looking to automate your plant?

2. What part of the process / section are you looking to automation? Main process or utility?

3. How do you think automation will benefit you / expectations for going forward into automating a plant

4. What is the expectation on the service part?

LifelsOn | Schneider
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