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— About this book

This participant handbook has been designed to serve as a guide for participants who aim to obtain the

required knowledge and skills to undertake various activities as a Mechatronics Designer and System
Integrator. Its content has been aligned with the latest Qualification Pack (QP) prepared for the job role.
With a qualified trainer’s guidance, the participants will be equipped with the following for working
efficientlyinthe jobrole:

* Knowledge and Understanding: The relevant operational knowledge and understanding to perform
therequired tasks.

e Performance Criteria: The essential skills through hands-on training to perform the required
operationsto the applicable quality standards.

« Professional Skills: The Ability to make appropriate operational decisions about the field of work.

The handbook details the relevant activities to be carried out by a Mechatronics Designer and System
Integrator. After studying this handbook, job holders will be adequately skilled to carry out their duties
efficiently according to the applicable quality standards, with minimum supervision.

The content in this handbook is aligned with the following National Occupational Standards (NOSs) as
givenin the latest version of the Qualification Pack (QP) for the job role.

e ELE/N7112:Integrate PLC with the SCADA system

e ELE/N7113:Analyse motion control

e ELE/N7114:Designthe panels using AutoCAD electrical toolset
e ELE/N7115:Carryout processinstrumentation

e ELE/N7116:Setup advanced automation in mechatronics

e ELE/N9905: Work effectively at the workplace

ELE/N1002: Apply health and safety practices at the workplace

The handbook has been divided into an appropriate number of units and sub-units based on the content
of the relevant QP. We hope it will facilitate easy and structured learning for the participants. We sincerely
hope that participants will obtain enhanced knowledge and skills after studying this handbook and make
career progressin the relevant and senior job roles.
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— Key Learning Outcomes | {

By the end of this module, participants will be able to:

1. Describe the size and scope of the Electronicindustry and its sub-sectors.

2. Define Mechatronics.

3. Describe the evolution level of mechatronics.

4. State uses of mechatronics.

5. State the importance of mechatronics.

6. Discuss the role and responsibilities of a Mechatronics Designer and System Integrator.

7. Discuss various employment opportunities for a Mechatronics Designer and System Integrator in the
Electronicsindustry.

8. Statethe organizational policies on incentives, personnel management reporting structure, etc.
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UNIT 1.1: Overview of the Electronic Industry

Unit Objectives |©

By the end of this unit, participants will be able to:

1. Describe the size and scope of the Electronicindustry and its sub-sectors.

1.1.1 Definition of Electronics

Electronics is a branch of physics that studies the electrons' flow, control, and behaviour and their effects
onvacuums, gases, semiconductors, and devices using such electrons.

The electrons are controlled by devices (electronic components) that resist, carry, select, steer, switch,
store, manipulate, and exploit them.

1.1.2 Electronic Industry

The electronics industry comprises companies that manufacture, design, manufacture, assemble, and
electronic service products. To perform their primary functions, electronic products rely on electronic
principles. It consists of materials, parts, components, subassemblies, and equipment that use
electronics principles.

1.1.3 Profile of Electronic Sector of India

* Globally, electronicsis one of the fastest-growing industries.

e The Indian market is predicted to be second only to China's, followed by Vietnam, South Korea and
Taiwan.

e The Indian government focuses on manufacturing electronics hardware at the domestic level, which
appears to be the conceptual foundation of the Make in India and Digital India programmes. These
initiatives seek to attain a market size of USS$ 251 billion by 2023 by encouraging local production and
exports across the electronics system design and manufacturing (ESDM) value chain.

e The seven key segments of the Indian electronics industry are industrial electronics, consumer
electronics, communications and broadcasting electronics, strategic electronics, electronic
components, computer hardware, and LED products.

e The Electronics Development Fund (EDF), the Phased Manufacturing Program (PMP), the Modified
Special Incentive Package Scheme (MSIPS), Preferential Market Access (PMA), and a reduction in tariff
structure have all been used by the Indian government to support the sector.
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- 1.

1.4 Size of Electronic Sector in India

The electronics sector of India contributes around 3.4% of the country's Gross Domestic Product
(GDP).

The IT sector in India is one of the most significant contributors, with a 9% contribution to Gross
Domestic Product (GDP).

Theindustry size is around USS 194 billion and is expected to cross USS 300-350 billion by 2025.

- 1.

The following are some of the electronicindustry's mostimportant growth drivers:

1.5 Key Drivers

Economic growth: India has one of the world's fastest-growing economies, with GDP forecast to rise
consistently. Demand in the industry and strategic electronics domains has been positively driven by
rising economic activity and implementation of the newest automation technology across many
industries.

Rapid urbanization and income growth: Rapid urbanization, combined with rising incomes, has
made items more affordable, resulting in increased demand for mobile phones, tablets, and other
household gadgets.

Government initiatives: The GST, Make in India, and other policies like Preferential Market Access
have improved the business climate for domestic manufacturing. Demand for electronic items s also
boosted by government flagship programmes such as Smart Cities and Digital India. The government
announced three further plans in April 2020, which were notified by the Ministry of Electronics and
Information Technology (MeitY), giving a total of 500 billion (USS 7.2 billion) in incentives under the
schemes. These incentives will boost domestic electronics output and encourage anchor firms in
India's key electronics clusters.

Production Linked Incentives (PLI), Modified Electronics Manufacturing Clusters (EMC 2.0), and
Scheme for the promotion of manufacturing of components and semiconductors (SPECS) are the
three essential schemes.

Evolving technology and innovation: Rapid technological advancements and newer items with
enhanced technologies have resulted in shorter product life cycles for electrical products. Customers
may also replace their old electronic equipment with newer items thanks to shifting customer
attitudes and consumer-to-consumer websites like Olx and Quikr.

Demand for high-speed Internet has also fueled the growth of high-end smartphone sales. Consumer
electronics has seen tremendous innovation due to this increased demand for high technological
items. New technologies such as artificial intelligence (Al), the Internet of Things (1oT), and robots and
analytics in the industrial and strategic electronics segment have contributed to various electronic
products' overall growth, boosting local demand.
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— 1.1.6 Scope of Electronic Industry

The electronicindustry has scope in the following sector:

Mobile Consumer

Telecommunication Automotive Industry

Communication (2G, electronics
3G. 4G or 5G) manufacture

Health care
equipment
manufacturing

Power Electronics

Steel Industry

Fig. 1.1.1 Scope of the electronic industry
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— Notes

Scan the QR Code to watch the related videos

https://www.youtube
.com/watch?v=JgLu40
JBa-c

Scope of
Electronic Industry
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UNIT 1.2: Introduction to Mechatronics

— Unit Objectives |©

By the end of this unit, participants will be able to:
1. Define Mechatronics

2. Describe the evolution level of mechatronics

3. State uses of mechatronics

4. State importance of mechatronics

— 1.2.1 Mechatronics

Mechatronics is made from the words “mecha” (mechanics) and “tronics” (electronics).

In other words, technologies and produced items will increasingly incorporate electronics into
mechanics, intimately and organically, making it hard to distinguish between them.

Mechatronics is a multidisciplinary field that describes the skills required in today’s modern automated
manufacturing industry. Mechatronics engineers produce simpler, smarter systems at the crossroads of
mechanics, electronics, and computation.

Control
Systems

Mechanical
Systems

Fig. 1.2.1 Application of Mechatronics
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— 1.2.2 Evolution Level of Mechatronics

Primary Level Mechatronics: At the fundamental control levels, this level includes 1/O devices such
as sensors and actuators that combine electrical signals with mechanical action. Examples: Fluid
valves and relays that are controlled by electricity

Secondary Level Mechatronics: Microelectronics are integrated into electrically controlled devices
atthislevel. Examples: Players for cassette tapes

Third Level Mechatronics: This level combines sophisticated feedback functions into the control
strategy, increasing the quality of the smart system in terms of sophistication. Microelectronics,
microprocessors, and other ‘Application Specific Integrated Circuits’ are part of the control approach
(ASIC). They control an electrical motor to operate industrial robots, hard disc drives, CD drives, and
automated washing machines, for example.

Fourth Level Mechatronics: This level of mechatronics includes intelligent control. It provides
technologies forintelligence and failure detection andisolation (FDI).

— 1.2.3 Utility of Mechatronics

Mechatronics may be used in many industries and for a wide range of applications. While mechatronics is

most commonly associated with the manufacturing business (which includes the manufacture of
consumer products, industrial goods, automobiles, and electronics, among other things), itis also usedin
healthcare, transportation, and a variety of other disciplines. These are a few of the most common
mechatronics applications to be aware of:

Robotic automation

Home and building automation

Computer-driven machinery

Medicalimaging systems

Roboticsurgery

Machine visionandinspection

Various sensing and control systems
Temperature/humidity control

Automotive engineering

Computer-aided design and production (such as CNC)

Transportation
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— 1.2.4 Importance of Mechatronics
e Ithassimplified the process of designing products and processes.
e The Mechatronics systemaids in the improvement of performance and quality.

* Theproducts are both cost-effective and of good quality.

Flexibility isincreased.




Participant Handbook

— Notes

Scan the QR Code to watch the related videos

https://youtu.be/af9x
QznYQAwW

Mechatronics
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UNIT 1.3: Role and Responsibilities of a Mechatronics Designer
and System Integrator

— Unit Objectives |©

By the end of this unit, participants will be able to:

1. Discussthe role and responsibilities of a Mechatronics Designer and System Integrator.

2. Discuss various employment opportunities for a Mechatronics Designer and System Integrator in the
Electronicsindustry.

3. Statethe organizational policies onincentives, personnel management reporting structure, etc.

— 1.3.1 Mechatronics Designer and System Integrator

A Mechatronic Designer and System Integrator is in charge of creating controlled motion systems by
fusing together functional components from several fields of study. The person works in every stage of the
manufacturing of smart machines, from design to testing, in fields including robotics, human-machine
interaction, medical and assistive technology, etc.

— 1.3.2 Responsibilities of a Mechatronics Designer and System —
Integrator

A Mechatronics Designer and System Integrator should be able to:

e Contribute to the design of a module's function or the architecture of mechatronics, with a particular
emphasis on dynamic architecture or a passive or active vibration control module.

e Provide signal analysis, dynamics, functional performance, functional integration, and
troubleshooting.

e Participate in multidisciplinary project teams to create a mechatronics function or module.

¢ Develop and maintain expertise in the disciplines of dynamics, servo control, signal analysis, and
testing, as well as a foundational understanding of software, mechanics, optics, electronics,
actuators, and dynamics.

e Provide support to the design of mechatronics architecture and balance the mechanical, electronic,
and software design.

e Planandcarry out the integration and testing of the mechatronic modules.
¢ Interact with people of other projects, industries, and suppliers of optics and mechatronics.

¢ Maintain the documentation of specifications, designs, and test outcomes.

— B
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— 1.3.3 Career Opportunities

A degree in mechatronics can lead to employment in management, including project management.
Laboratories, industrial factories, and engineering design offices are all examples of workplaces.

Cybersecurity, computer science, automotive engineering, robotics, artificial intelligence,
telecommunications, consumer products, and packaging are domains where mechatronics professionals
operate.

— 1.3.4 Organizational Policies on incentives, Personnel
Management and Reporting Structure

The organizational policies on incentives, personnel management, and reporting structure depend on the
organization the individual joins. These vary across organizations.

For example, a public sector company may offer different incentives for work performance comparedto a
private company. The same is the case with the reporting structure.

Personnel management policies also tend to differ from organization to organization. The individual
should conduct proper research before interviewing for a job at a particular company to ensure that they
are satisfied with the company policies on remuneration, human resource management, career
progression, etc.
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— Exercise

1. Explainanytwo key drivers of the electronicsindustry.
2. DefineElectronics.
3. Statein briefabout Mechatronics.

4. Statefive responsibilities of a Mechatronics Designer and System Integrator.
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— Notes

Scan the QR Code to watch the related videos

https://youtu.be/ilon
mpLQ8vc

Mechatronics Designer and

System Integrator







2. Process of Integrating
Programmable Logical
Controller (PLC) With
the Supervisory Control
and Data Acquisition
(SCADA) System

Unit 2.1 - Programmable Logic Controller (PLC)

Unit 2.2 - Supervisory Control and Data Acquisition
(SCADA) System

ELE/N7112
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— Key Learning Outcomes | §¥

11.
12.
13.
14.
15.
16.
17.
18.
19.

By the end of this module, participants will be able to:

Explain the basics of digital electronics.

Explain the fundamentals of PLC.

Explain the PLC hardware and architecture.

Explain the source and sink concepts.

Describe the process of wiring different field devices to PLC.

Explain the use of PLC programming software.

Describe the process of creating a new application and addressingitin PLC.
Explain different programming languages and basic programminginstructions.

Explain the advance instructions such as upload/ download/ monitoring forcing of los.

. Describe the process of detecting faults in the PLC system and SCADA software, troubleshooting them

and carrying out the necessary documentation.

Explain how to communicate with the SCADA software.

Explainthe use of real-time applications.

Explain how to create a new SCADA project.

Describe the process of creating and editing elementary graphic displays.
Explain how to attach controls to graphic objects.

Explain how to analyze real-time and historical trends.

Explainthe use of alarms and events.

Describe the application of scripts.

Describe the process of Net DDE Communication.
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UNIT 2.1: Programmable Logic Controller (PLC)

— Unit Objectives |©@

By the end of this unit, participants will be able to:

1. Explainthe basics of digital electronics.

2. Explainthe fundamentals of PLC.

3. Explainthe PLChardware and architecture.

4. Explainthe source and sink concepts.

5. Describe the process of wiring different field devices to PLC.

6. Explainthe use of PLC programming software.

7. Describe the process of creating anew application and addressingitin PLC.

8. Explaindifferent programming languages and basic programminginstructions.

9. Explainthe advanceinstructions such asupload/download/ monitoring forcing of los.

10.Describe the process of detecting faults in the PLC system and SCADA software, troubleshooting
themand carrying out the necessary documentation.

— 2.1.1 Digital Electronics

The world of electronics becomes much more understandable if we divide it into two different categories:
the "analog" world and the "digital" world. In general, the analog world refers to any natural
phenomenon that changes its characteristics over time. For example, the temperature fluctuates slowly
throughout the day, and a basic thermometer can be used to determine how hot or cold it is at any given
time.

Digital electronics, onthe other hand, is an entirely separate discipline. The two "states" that matterin the
digital domain (i.e., digital electronic circuits) are ON or OFF. For example, when any light switch is flipped,
there are only two potential settings for the light switch, either ON or OFF.

The field of electronics that deals with digital signals for the processing and controlling of various systems
and sub-systems is known as Digital Electronics. Digital electronics is being used in various applications,
such as sensors and actuators.
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— 2.1.2 PLC

Inatraditional industrial control system, all control devices are linked directly to each other based on how
the system is designed to operate. However, in a PLC system, all the devise are wired to the PLC. The
control program within the PLC then provides the wiring connection between all the devices.

PLCs were invented by Dick Morley in 1964. PLC has since revolutionized the industrial and manufacturing
industries.

The National Electrical Manufacturers Association (NEMA) defines a PLC as a "digitally operating
electronic apparatus which uses a programmable memory for the internal storage of instructions by
implementing specific functions, such as logic, sequencing, timing, counting, and arithmetic to control
through digital or analog 1/0 modules various types of machines or processes."

A programmable logic controller (PLC) is a solid-state, programmable electrical/electronic interface that
can modify, execute, and monitor the state of a process or communication system at a faster rate. It runs
on programmable data stored in an integrated microprocessor-based system.

A PLC receives (input) and transmits (output) numerous electrical and electronic signals, as well as
operates and monitors almost any mechanical and/or electrical system. As a result, it has great flexibility
when it comes to interacting with computers, machines, and a variety of other peripheral systems or
devices. Itistypically programmed in relay ladder logicand is designed to function in an industrial setting.

Some of the PLC manufacturers are - Allen Bradley, ABB, Siemens, Mitsubishi PLC, Hitachi PLC, Delta PLC,
General ElectricPLCand Honeywell PLC.

— 2.1.2 PLC’s Hardware and Architecture

IPLC hardware consists of the physical components that make up the PLC system. Each component of PLC
hardware is designed to execute a single function. A PLC system cannot function properly without all of it:
hardware components.

The structure of a PLC is similar to a computer’s architecture. The main components of a PLC are - Processo
(CPU), power supply, programming device, and input and output (I/0) modules.

Fig. 2.1.1 Structure of PLC
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Processor

A processor is at the core of any PLC system. It is undoubtedly the most important piece of PLC gear. The
PLC processor is also known as the PLC controller or PLC CPU (Central Processing Unit). It executes
programmed actions. These actions or outputs are carried out in response to signals and data from
associatedinputs.

The PLC processor can be integrated into the PLC unit or purchased separately. Fixed PLCs often have their
CPU incorporated into the unit. On the other hand, the PLC processors in modular and distributed PLCs
aredistinct modules.

Power Supply

The PLC is powered by the power supply, which converts available incoming AC power to the DC power
required by the CPU and I/O modules to function effectively. The common power supply input voltages
are 120VAC, 240VAC, an AC voltage range (such as 85-265VAC), and 24VDC. In contrast, the common
power supply outputsare 24DCand 5VDC.

1/0 Modules

The input modules connect numerous external devices to the PLC. Depending on the field equipment,
inputs and outputs might be digital or analog. An input is a field device that informs the PLC about the
status of the process. A pushbutton switch, pressure sensor, or photo sensor are examples of input field
devices.

A command issued by the CPU Logic to operate an output field device is referred to as an output. To
control output devices, output modules transform CPU signals into digital or analog values. Relays, timers,
motor starters, lights, counters, and displays are examples of field devices.

Programming Device

To be programmed, PLC requires programming devices. Handheld programming devices and personal
computers are the two most common PLC programming devices (PC). These are used to create the PLC
programme (similar to ladder logic) and then upload it into the PLC memory. PLC programming devices
connect to the PLC through a cable and transfer the PLC program using an Ethernet or Serial
communication protocol.

2.1.3 Types of PLCs

The two main types of PLCs are classified on the basis of their hardware structure. These are:
CompactPLC

A compact PLCis also called a fixed PLC or an integrated PLC. Compact PLCs are designed to perform basic
functions. There are small in size. They consist of a Power Supply, the CPU and the Input/output module,
which are integrated into the microcontroller itself. The number of inputs and outputs cannot be
expandedin thistype of PLC.
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I Power Supply 3
n
t
£ p
u Central u
t | Processing Unit t
(CPU)

Fig. 2.1.2 Block Diagram of Compact PLC

Modular PLC

Modular PLC is also known as a rack-mounted unit. It has been termed “modular” due to its feature of
allowing multiple expansions of the PLC system through the use of modules. The power supply,
communication module, and Input/output module are all separate from the actual microcontroller. The
number of inputs and outputs can be expanded in this type of PLC.

| Rack or Chassis >
PS CPU M SM|SM| SM | SM FM CP
(Power {Central (interface | DI | DO| Al | ADO | (Function | (Communi-
Supply) Processing Module) Module) cation
Unit) Processer)

{Signal Module)

Fig. 2.1.3 Block Diagram of Modular PLC

2.1.4 The Source and Sink Concept

The sink and source concept, in general, illustrates how input and output devices in a control system
interact with their power source in terms of current flow. It is based on basic electric theory, which
stipulates that DC current must flow from the +ve (DC+) terminal through a load to the —ve (DC-) terminal
to complete a DCcircuit.

In PLC, The concept of Sinking and Sourcing is only applicable to digital DC Input/output logic circuits. In a
logic circuit, the outputis a function of its input. It may have a single binary (ON/OFF) output as well as one
or more binary inputs. Switches, relays, and transistors are examples of such circuits.

N
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Sinking Vs Sourcing

In digital PLC I/O modules, the idea of sinking and sourcing refers to specifying the direction of
conventional current flow in alogic circuit between two devices. Let’s consider the following illustrations:

N
7|

(Sourcing) (Sinking)

Illustration 1

Inthe aboveillustration, Device 1is sourcing the current since the currentis flowing from it, while Device 2
is sinking the current since the currentis being flown toit.

AN
7

(Sinking) (Sourcing)

Inthe second illustration, Device 2 is sourcing the current since the current is flowing from it, while Device
lissinking the currentsince the currentis being flowntoit.

In every condition where DC current is flowing from one digital device to another, the device sending out
the current of its control terminal to another device is the current source device. The device that is
receiving the currentis the current-sinking device.

In PLCs, one of the potential binary states of a discrete field input device, such as Closed or Open;
Energized or De-Energized; ON or OFF; High or Low, is detected by a digital input module. The DC current
will either flow into or out of the digital input module depending on the type of digital input module being
used in the PLC system and its connection polarity to the field input device.

Digital PLC Input Modules

Digital PLC Input modules interface with field input devices in a PLC processor, monitor their conditions
and provide necessary information to the CPU regarding the status of the field devices. These devices
could be switches, sensors and start/stop buttons.

Sourcing PLC Input Modules

In asourcing PLCinput module, the current flows out of its control terminal into the connected field input
device. To enable the module to supply a positive voltage to an external logic DC circuit, PLC
manufacturersinternally connect the input cards of their digital input modules to a voltage source.
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In the given logic circuit, a digital PLC input module (Device #1) is connected to a Normally Closed stop
push button (Device #2)

Device #2

Device £1

Fig 2.1.4 A sourcing PLC Input Module

While Device #2 provides the ground connection, Device #1 is linked to the voltage source’s positive (+)
terminal, such as a power supply, which supplies the positive voltage. Electricity is moving from Device
#1's control terminal to Device #2. Therefore, the sourcing device is the digital PLC input module (Device
#1). The NC Stop Push Button (Device #2), which is the Sinking device, sends the received current to the
ground.

Sinking PLC Input Modules

In a sinking PLC input module, the current flows into its control terminal. The input card of this module is
wired to the ground internally. The internal circuit provides the required ground connection for the
external logiccircuit.

The given logic circuit connects a digital PLC input module (Device #1) to a typically closed stop push
button (Device #2), the field input device.

Device #2

B

Device #1

S
T

Fig 2.1.5 A sourcing PLC Input Module
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Current is supplied to the PLC input module (Device #1) by Device #2 (the NC Stop Push Button). As a
result, the sourcing device is the NC Stop Push Button (Device #2). The digital PLCinput module is a sinking
devicesinceitdischargesthe received currenttothe earth.

Digital PLC Output Modules

The Digital PLC Output modules control the field output devices. These modules provide the PLC
processor with the ability to control the connected physical devices, such as motors, electric heaters,
pumps, solenoid valves, and relays.

Sinking PLC Output Modules

In the given logic circuit, a digital PLC Output Module (Device #1) is connected to a Relay Load (Device #2)
whichisthefieldinput device.

Digital Output

Sinkin
ing Device #2

Device #1

=+

Fig 2.1.6 A sinking PLC Input Module

The PLC Output Module (Device #1), which serves as a ground connection for the circuit, is receiving
current from Device #2 (the Relay Load). Thus, the digital PLC Output Module (Device #1) is the Sinking
device, and the Relay Load (Device #2) is the Sourcing device.

Sourcing PLC Output Modules

In the given logic circuit, a digital PLC Output Module (Device #1) is connected to a Relay Load (Device #2)
whichisthefieldinput device.

o
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Digital Qutput

Sinking Device #2

Device #1

F )

I 1

Fig 2.1.7 A Sourcing PLC Input Module

Device #1 serves as the sourcing device by supplying the current to Device #2. The Sinking device is the
Relay Load because it sinks the received currentinto the earth.

— 2.1.5 Wiring of PLC

The mostimportant and critical process in the installation of a PLCis Input/output Installation. Placing and
installation mean inserting the appropriate modules in the appropriate locations. This process entails
checking the slot address and module type according to the I/0 address assignment document. The field
devicesthat have been given that termination address are then wired to each terminal in the module.

Before installing and wiring any module, the user should turn off the power to the modules.
Wiring

Before connecting field equipmentto a PLC, the following factors need to be taken into account:
Wire Size

In the wiring process, the size of the cable is the most important factor. One or more conductors of a
specific wire size can be inserted into each 1/0 terminal. It must be ensured that the wire is the suitable
size and gauge to carry the maximum current.

Wire and Terminal Labelling

It is necessary to label each field wire and its termination point according to a reliable labelling method.
Labelling nomenclature includes wire numbers, device names or numbers, and the input/output address
assignment. It simplifies maintenance and troubleshooting. Tape or shrink-tubing should be used to name
the wires, and stick-on labels or tape should be used to identify each terminal block.
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Wire Bundling

Wire bundling is a technique commonly used to simplify the connections to each I/O module. The wires

that connect to one module are bundled, generally with a tie wrap. Wire bundles with the same

characteristics are then routed through the duct with other bundles of wire. Whenever possible, input,

power, and output bundles carrying the same type of signals should be kept separate to prevent

interference.

Process of /O wiring

Before any PLCinstallation or wiring is done, disconnect and lock out power to the controller and I/0.

Ensure that all modules are seated correctly. Check the 1/0 wiring diagram for the module type and
model number. Refer to the I/O address assignment document for the slot location.

Remove all terminal screws on each /0 module.

Place the wire bundles corresponding to each module in the duct and route them to the module
location.

Begin with the first module and find the wire in the bundle that connects to the lowest terminal. Bend
the wire at the right angle toward the terminal when it reaches a vertical height equal to the
termination point.

Cut the wire so that it is 1/4 inch longer than the terminal screw's edge. Remove around 3/8 inch of
insulation from the wire's end. Place the wire's uninsulated end beneath the terminal's pressure
plate, then tighten the screw.

Jump the power cable from one module to the next if there are multiple modules that share the same
power supply.

When using shielded wire, just one end should be connected to the ground, ideally at the rack
chassis. Potential ground loops will be prevented by this connection. When two or more electrical
paths are generated in a ground line or when one or more paths are created in a shield, a ground loop
conditionis created. Unless otherwise stated, leave the other end clipped back and disconnected.

Untilthe module wiring is finished, repeat the wiring process for each wire in the bundle.

After all the wires have been terminated, gently pull on each wire to inspect the terminations for
quality.
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— 2.1.6 PLC Programming

The main components of industrial automation and control systems are programmable logic controllers
(PLCs). PLCs may operate everything from a single motor to multiple complicated control systems using
simple push-button switches. As a result, PLC programming is critical in designing and implementing
control systems tailored to clients' demands. A PLC programme is a set of written or graphical instructions
thatreflect the logic that must be applied for certain real-time industrial applications.

Dedicated PLC programming software comes with a certain manufacturer's PLC hardware, and it allows
users to enter and build user application code, which can then be downloaded to the PLC hardware. This
programme also ensures Human Machine Interface (HMI) as a graphical representation of variables. Once
this programme has been downloaded to the PLC and the PLC has been set to Run mode, the PLC will
continue to operate in accordance with the programme. Let us first review the foundations of the PLC
programming lesson and its essential notions before moving on to the PLC programme.

PLC Programming Basics
A CPU of the PLC executes two different programs:
1.The Operating System

2.The User Program

Fig. 2.1.8 PLC Programming Basics
The Operating System

The operating system groups together all of the CPU's functions, activities, and sequences that aren't
related to a control job.

e Handlingahotrestartand warm restart

e Updating and outputting the processimage tables of input and outputs

e Executingthe user program

e Detectingand callingtheinterrupts

e Managingthe memory areas

e Establishingcommunication with programmable devices
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The User Program

It's a set of functions that work together to complete a task that's been automated. The users must
generate thisand download it to the PLC's CPU. The user software can do the following tasks:

 Initiating all the conditions for starting the specified task

* Readingand evaluatingall binary and analoginput signals

» Specifying output signals to all binary and analog output signals
* Executinginterruptsand handling errors

Several leading PLC manufacturers in the current industrial automation market create conventional PLCs
ranging from tiny to high-end. Every PLC manufacturer has its own software for programming and
configuring the PLC hardware. However, depending on the vendor, the PLC programming language varies.
Some manufacturers use comparable programming languages, while others use different ones. PLC
standard programming languages are separated into two categories, each of which is further subdivided
into multiple types, as follows:

1. Textual language
e Instructions List (IL)
e Structured Text (ST)
2. Graphicallanguage
e Ladder Diagrams(LD)
* Function Block Diagram (FBD)
» Sequential Function Chart (SFC)

Many users prefer graphical languages to text-based languages for programming a PLC because of their
easy and convenient programming capabilities. Each PLC software's standard library contains all of the
essential functions and functional blocks. A timer, counters, strings, comparators, numeric, arithmetic,
bit-shift, calling functions, and so on are examples of function blocks.

PLC Programming Devices

Various programming devices are employed to input, change, and debug a PLC programme. Handheld and
PC-based programming terminals are among the devices available. A proprietary device is linked to the
PLCthrough a connecting cable in the portable programming device technique. This device ismade up of a
set of keys that may be used to enter, modify, and dump code into a PLC. The instruction that has been
programmed is displayed on these portable devices, which have a tiny display. These portable gadgets are
smalland simple to use, yet they have limited capabilities.
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Fig. 2.1.9 PLC Programming Devices

The most common method of programming the PLC is to utilize a Personal Computer (PC) in combination
with the manufacturer's software. We may use this PC to execute the software in online or offline mode
and edit, monitor, debug, and troubleshoot the PLC's programme. The above diagram depicts the method
of transferring the programme to the PLC, in which the PC has programme code matching the control
application, which is delivered to the PLC CPU via the programming cable.

Ladder Logic PLC Programming

Ladder logic (also known as ladder diagram or LD) is a programming language used to program a PLC
(Programmable Logic Controller). It is a graphical PLC programming language which expresses logic
operations with symbolic notation. Ladder logic is made out of rungs of logic, forming what looks like a
ladder—hence the name ‘Ladder Logic’.

Ladder logic is mainly for bit logic operations, although it can scale a PLC analog input. However, even
simple bit logic operations can benefit more advanced PLC programs and SCADA system programming.

L Push Button N

&Htlc.h1 Lamp

Rung 0 % [ ( )_
Push Button
Switch 2 Lamp
[ 2
Rung 1 4 [ ( )_
Positive Rail Negative Rail

Fig. 2.1.10 Ladder Logic in PLC Programming

o




Mechatronics Designer
and System Integrator

The most basic and simplest way of programming the PLC is the ladder logic diagram, which is one of the
various programming languages. Before beginning to write a PLC with this language, it is necessary to
have a fundamental understanding of it. The hardwired-ladder graphic below demonstrates how two
push button switches control the same light load, with the lamp glowing if one of the switches is closed.
Rungs are two horizontal lines that are joined by rails, which are two vertical lines. Each rung ensures that
current flows from the input to the output devices by establishing electrical continuity between the
positive (L) and negative (N) rails. The picture depicts some of the symbols used in ladder logic
programming.

Asindicated above, two types of input switches are generally closed and normally open. In addition to the
above-mentioned functional symbols, the standard library contains various functions such as timer,
counter, PID, and others that may be used to programme complicated tasks.

Steps for Programming PLC Using Ladder Logic

The technique for programming a PLC for a specific application is determined by the type of standard
manufacturer software tool used and the type of control application being used.

Step 1: Analyse and Develop a Control Application Concept

The first stage in programming a PLC is to develop a concept to create an application-based programme.
For example, may use a DC motor to drive a line follower robot when the push button is pressed. The LED
light must reflect this state when the motor is turned on. The motor is also connected to a sensor (which
may be thought of as a second switch) that detects obstructions, so when this is activated, the motor
should be shut off. When the motoris shut off, the buzzer should also be turned on.

Fig. 2.1.11 PLC Control Application

Step 2: Create a flowchart to list all the conditions and choose the design.

Thevariables for the aforementioned project are M: Motor, A: Input Switch 1, B: Input Switch 2, L: LED, and
Bu: Buzzer. Designing the logic is made simple by using the flow chart shown below for the
aforementioned application.

e Flowchart of PLC Programming

e Flowchart of PLC Programming
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Step 3: Install and modify the PLC programming software

Launch the programming programme on the PC that is connected to the PLC hardware. Choose the PLC
hardware model in the software, then set the input and output modules accordingly. Choose the
hardware processor, the ladder language (LD) from the list of programming languages, and give the
programme aname.

Step 4: Add the necessary Rungs and Deal with Them

Based on the control application logic, build the necessary rungs, then assign addresses to each input and
output. The ladder logic diagram for the previously mentioned example, forinstance, is shown below.

Step 5: Simulate it and check for errors

Select Online from the Online section of the menu bar. After choosing Offline, check for mistakes and
make the necessary adjustments. Go online once more, and this time choose the Run option to mimicit.

Step 6: Download the Program to the PLC CPU Memory

After the software has been successfully simulated, download it to the CPU by choosing the Download
option over a network or communication cable.

— 2.1.7 Faults in PLC

Every PLC-controlled factory often has a bigger percentage of defects in its wiring, actuators, and sensors

thaninits PLC. Instead of the CPU itself, the PLC failures are more likely in the output-input power supply
orchannels.

The majority of PLCs come with built-in fault analysis methods that do self-tests and display fault codes. In
addition to succinct messages that can be translated by checking up codes in the list, the fault's causes and
potential recovery techniques are also indicated.

The following are potential ways of detecting motor faults:
Diagnose PLC Indicators

Field devices, wiring, and I/O modules can all be learned a lot about through LED status indicators. Most
input/output modules have at least one indicator, typically a power indicator for input modules and a logic
indicator for output modules.

A bright power LED on an input module denotes that the input device is active and that the module has
received its signal. Some manufacturers offer an extra diagnostic indicator called a logic indicator because
this indicator by itself cannot isolate errors in the module. An ON logic LED denotes that the input signal
has been acknowledged by the input circuit's logic section.

The module cannot properly send the incoming signal to the processor if the logic and power indicators do
not line up. Some output modules also provide a blown fuse indicator, a power indicator, or both in
addition to the logic indicator. A power indication indicates that power is being provided to the load, but a
blown fuse indicator displays the condition of the output circuit's protection fuse.
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If neither LED is on simultaneously, the output module is failing, just like the power and logic indicators in
aninput module.

PLCInputs

A problem could be present between the L1 connection and the terminal connection to the input module
if the field device attached to the module doesn't appear to turn on. The status indicators on an input
module can give details about the field device, the module, and the wiring from the field device to the
module, which can help identify the issue.

Placing the PLC in standby mode prevents the output from being activated, which is the initial step in
problem diagnosis. This makes it possible to manually activate the field device. The PLC's reading of the
input module will now be evaluated.

The PLC's test mode, which reads the inputs and runs the programme but does not activate the outputs,
can be used to accomplish this. The issue is not with the input module if the PLC is correctly interpreting
the device. The module could be broken if it fails to accurately read the device. The module's optical
isolator could be blown, or its logic side could not be properly functioning. Additionally, one of the
module'sinterface channels can be broken. The module needs to be changed in this situation.

PLC Outputs

Status indicators are another feature of PLC output interfaces that offer helpful troubleshooting data. As
with PLC input troubleshooting, isolating the issue to a module, field device, or wire is the first step in
outputtroubleshooting.

Additionally, check the output module to see if there is a blown fuse there. Check the fuse's rated value in
case of a blown fuse. Check the output device's current requirements as well to see whether it is drawing
toomuch current.

The output module is defective if it gets the processor's command to switch on, but the output status does
not change accordingly. Check for voltage at the output terminal to make sure the switching device is
working if the indicator lights ON but the field device does not energise. The module needs to be replaced
if thereis novoltage.

If voltage is detected, the wiring or the field device are the likely culprits. At this point, verify that the field
wiring is firmly attached and that no wires leading to the module's terminal or the terminal block are
damaged. Check the field device's functionality after examining the module. While the output module is
turned on, measure the voltage going to the field device, making sure the return line is securely attached
to the object. The field device is broken if there is electricity, but the gadget is inactive. Additionally,
inspect the wiring for damaged wires along the wire's course.

CPU Troubleshooting

PLCs have diagnostic indicators that display the state of the CPU and PLC. Power OK, memory OK, and
communication OK conditions are a few examples of such signs. First, confirm that the transformer is
providing adequate power to the PLC to support all the loads. Check for blown fuses or a power supply
drop in the control circuit if the PLC is still not functioning. A problem with memory or communications
will be indicated by the diagnosticindicators on the front of the CPU. The CPU might need to be replaced if
one ofthese signsisilluminated.
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— Notes

Scan the QR Code to watch the related videos

Ojgan !

https://youtu.be/cYX
gVPIDIXs

Programmable Logic Controller
(PLC)
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UNIT 2.2: Supervisory Control and Data Acquisition (SCADA)
System

Unit Objectives | @

By the end of this unit, participants will be able to:

1. Describe the process of detecting faults in the SCADA software, troubleshooting them and carrying
outthe necessary documentation.

. Explainhow to communicate with the SCADA software.
. Explainthe use of real-time applications.
. Explainhowto create a new SCADA project.

. Describe the process of creating and editing elementary graphic displays.

2
3
4
5
6. Explain how to attach controls to graphic objects.
7. Explainhowtoanalyse real-time and historical trends.
8. Explainthe use of alarms and events.

9. Describethe application of scripts.

10.Describe the process of Net DDE Communication.

2.2.1 SCADA

Supervisory Control and Data Acquisition are referred to as SCADA. Automation technology is a term used
to describe the control system SCADA, which mixes hardware and software. Supervisors utilise the
system's data to control and optimise operations when it receives information about processes and
associated equipment. A SCADA system might be contained within a single site or dispersed across a
number of locations and occasionally a large geographic area. The petrochemical industry, drinking water
delivery systems, wastewater collecting systems, pipelines, and a number of other industrial activities all
make substantial use of SCADA.

SCADA systems can help in operation in a number of ways, including maintaining efficiency and spotting
issues as they arise. They can decrease expenses while increasing production, quality, and profitability.

The correct system must be chosen because SCADA is a considerable long-term investment.
SCADA Architecture

The basic SCADA architecture has two components: Programmable Logic Controllers (PLCs) and Remote
Terminal Units (RTUs).

PLCs and RTUs are microcomputers that communicate with a variety of devices, including factory
equipment, HMls, sensors, and end devices, before sending the data from those devices to computers
running SCADA software. Operators and other staff members can use the data processed, distributed, and

displayed by the SCADA software to analyse the information and make critical decisions.
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For instance, a batch of products that exhibit a high incidence of mistakes may be rapidly reported to an
operator by the SCADA system. The operator pauses the process and uses an HMI to view the data from
the SCADA system in order to identify the source of the issue. The operator examines the data and finds
that Machine 4 was broken. The SCADA system's capability to alert the operator to a problem enables him
toaddressitand stop additional product loss.

Sensors PLCs or RTUs H HMI/SCADA Panel View
Sends data to PLCs Feeds data to = Supervise and control from
or RTUs SCADA system H an operational terminal

................
.

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

Manual Inputs PLCs or RTUs HMI/SCADA Computer
Sends data to PLCs Feeds data to Supervise and control
or RTUs SCADA system from a workstation

Fig. 2.2.1 A Basic SCADA Diagram

Functions of SCADA

e DataAcquisition

e Information Display

e AlarmProcessing

e Information Storage and Reports

» DataCalculation

e Special RTU Control
Application of SCADA

SCADA systems are employed in both public and commercial industrial organizations to regulate and
maintain efficiency, disseminate data for better decision-making, and notify system problems to assist in
reducing downtime. Because they can range from small, simple installations to huge, complicated ones,
SCADA systems are effective in a wide range of business settings. SCADA systems form the foundation of
numerous contemporary industries, including - energy, oil and gas, transportation, food and beverages,
power, water and sewage, manufacturing, recyclingand many more.

Electricity generation and distribution: SCADA systems are used by electric utilities to monitor the
operation of circuit breakers, detect current flow and line voltage, and bring specific portions of the power
grid online or offline.
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Water and Sewage: SCADA is used by state and local water utilities to monitor and control water flow,
reservoir levels, pipe pressure, and other variables.

Manufacturing: The SCADA system keeps track of parts stock for just-in-time production, manages
industrial automation, and monitors quality control and process flow.

Transportation: SCADA is used by transportation authorities to operate subways, trams, and trolley
buses; rail traffic signals; track trains and buses and operate railroad crossing gates.

Buildings and Facilities: SCADA is used by facility managers to regulate HVAC, refrigeration units, lighting,
and entrance systems.

—2.2.2 Detecting faults in SCADA Software

A highly valuable skill is understanding how to debug the SCADA system. Therefore, let's look at some
techniques for locating and fixing SCADA system issues.

Check for damaged or broken equipment

The majority of SCADA equipment is placed in off-site locations where it is more exposed to the
environment. Therefore, it's crucial to check that all of the equipment's parts are in working order and are
linked to where they should be in case anissue arises.

Check HMI

The SCADA HMI can take many different forms, from the interface display of a device to a powerful
dedicated hardware and software system to which the data is being supplied.

A well-designed HMI will keep track of all system communications, offer a user-friendly graphical interface
that reveals all the information about the network, and send alert warnings to the necessary individuals.
The system won't operate if the HMI isn't getting data.

Simple HMI setting changes can result in issues throughout the entire SCADA system. These issues
typically include a failure in data collection and improper command transmission. Therefore, it's crucial to
verify that all of the settings and setups are made correctly.

Verify total field

If the monitoring technology permits, it will be feasible to observe occurrences without physically visiting
faraway places. However, monitoring equipment is likely to be a problem if information cannot be
obtained.

Therefore, assuming all of the earlier checks revealed that everything is in order, the following step is to
travel to the remote site. Check on a few things once. First, visually check the antennas for lightning strikes
if there’s a radio system. Check RTU units to make sure they have power and seem to be functioning as
expectedif there are no obvious problems.
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Maintenance
The importance of highlighting some maintenance best practices cannot be overstated. Among them are:
e Updatethe firmware on SCADA equipment.

e Make regular system backups. Make copies of all of the crucial data so that, in the event of a
significantissue, proper settings can be restored.

» Always ensure the functionality of the power supply equipment, including UPS and batteries. Have
backups available and replace them as needed.

e It's crucial to routinely examine the field devices and their connections, particularly if the network is
installed at avery remote location exposed to the elements.

Maintenance services should be available from the SCADA vendor. They should visit, evaluate the
network, and create a list of maintenance tasks that will boost the performance.

—2.2.3 Communication with the SCADA Software

The following categories apply to the significant SCADA communication protocols:
1. DNP3 (Distributed Network Protocol)

2. IEC60870 (International Electrotechnical Commission)

3. HDLC

4. MODBUS

DNP3: DNP3, which stands for the distributed network protocol, is a collection of communication
protocols used by various parts of process automation systems, such as those used by power utilities,
chemical processing facilities, etc.

DNP3 is designed to facilitate communication across many types of control, monitoring, and data
gathering systems. The Inter-Control Center Communications (ICCP) protocol, which connects RTUs and
IEDs, is an essential component of SCADA systems. IEC 60870's ICCP is a component that is frequently
used forcommunications between master stations.

Features:

» The DNP3 protocol has key components that enable interoperability with related protocols like
MODBUS, etc. As a result, communication between components in SCADA systems is more effective
and efficient.

e DNP3, which offers to multiplex many features like error checking, connection control, data
fragmentation, etc., corresponds to layer 2 in the commonly used OSI model for communicating
networks.

* DNP3 offers an application layer (Layer 7) and transport function (Layer 4) that are appropriate for
SCADA applications.

¢ DNP3hasincreased bandwidth efficiency, and event-oriented data reporting is how this was done.

e DNP3iscapable of handling error detection well.
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The DNP Protocol synchronises time with RTU, reconstructing all data point objects' time-stamped
versions through a series of actions.

The DNP3 protocol has the additional benefit of enabling RTUs of varied natures and complexity by four
levels of subsets of the protocols for RTU compliance. The complexity of this protocol, however, tends to
increase with the number of RTUs and connections.

Protocol IEC60870

IEC standard 60870 is often used for the control of other process facilities and electric power transmission
systems. This standard can be used to interoperate various pieces of equipment made by various
manufacturers through established protocols.

The six components of IEC standard 60870 define general information about the standard, operating
circumstances, electrical interfaces, performance standards, and data transfer methods. For telecontrol
messages among two directly connected systems, IEC 60870 offers a communication profile. Through
connected telecommunication, this protocol offers telecontrol and teleprotection of electric power
networks.

HDLC

High-Level Data Link Control (HDLC) is an ISO-developed synchronous data link layer protocol that is bit-
oriented and code-transparent. Both connection-oriented and connection-less services are offered by
HDLC.

HDLC can be used for point-to-point multipoint connections; however, asynchronous balanced mode
(ABM), or one-to-one connections, are preferred. All contemporary protocols are built upon it.

MODBUS

For use with its programmable logic controllers, MODICON first released the serial communications
protocol known as MODBUS in 1979. A popular standard communication protocol for linking industrial
electrical devices, the MODBUS protocol is straightforward and reliable.

Multiple devices linked to the network via RTUs in SCADA can communicate with one another thanks to
MODBUS. To activate the linked element or device under this protocol, the master may send a MODBUS
command.

To communicate with their hardware, businesses create proprietary software. These systems are offered
as whole packages. The primary issue with this system is its extreme dependency on its source. Because
they improve system interoperability, open software systems have grown in favour. The ability to use
equipment from many manufacturers onthe same systemis known as interoperability.
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—2.2.4 Real-Time Application

An application that operatesin a time frame that the user perceives asimmediate or currentis known asa
real-time application or RTA. The latency must be below a predetermined threshold, typically expressed
inseconds. Real-time computingincludes the use of real-time applications.

Streaming data is frequently processed using real-time apps. Real-time software should be able to
recognise, analyse, and react to streaming data as it enters without ingesting and storing the data in a
back-end database. Event-driven architecture is frequently used by real-time applications to
asynchronously process streaming data.

Characteristics and Advantages
Real-time applicationsinclude the following key characteristics and advantages:

« Engagement: Traditional applications cannot engage consumers the way real-time applications do
because of the lack of immediacy they offer. This makes it possible for companies to engage with
customers more deeply.

e Communication: As opposed to non-real-time applications' usual one-way communication, these
apps allow for more effective two-way communication. This enhances internal communication and
teamworkin firms.

¢ Response Period: Real-time apps can react to user input more quickly than conventional ones. This
makes it possible for real-time systems to react to user needs more quickly and effectively.

e Workflow: Because workflow tasks are planned and carried out in conjunction with real-time data,
real-time applications offer workflows that are more efficient.

Applications

When processing data is required instantly, real-time applications are utilised. They are frequently
applied to prevent system failure or user harm.

Some examples of real-time apps include voice-over for video conferences, I.P. applications like online
gaming, community storage, some e-commerce, instant messaging (IM), group collaboration, real-time
operating systems, and the internet of things (loT), business intelligence fraud detection geolocation,
analytics for internet marketing, medical imaging and radiology, banking and finance.
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— 2.2.5 Creating a New SCADA Project

Inthis section, we'll create a new project and assign a folder forit.
1. RunStream Explorer

Double-click on the Stream Explorer shortcut on the desktop.

Fig 2.2.2 Opening Stream Explorer

2. Stream Explorer will open for the first time. One can select to either Create new project or open an
existing project.

Click on Create new project

O Stream Explorer
Broject Took et Help
A= d|TO4

Please select one of the following achons

Create new project jor Open existing project

Fig 2.2.3 Creating a new project

3. Create anew folder for this project. This folder will contain all application settings and data

Fig 2.2.4 Creating a new folder
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4. The following message will appear, click Yes if one wants to copy demo graphics and related tags to this
project. For this tutorial, one can select No.

Stream Client

0 Do you want to copy demo graphics to your project?

=3 % |

Fig 2.2.5 Step after creating a new project

5. Stream Exploreris now ready to start working. Notice the folder location.

£ tarmaen Loz - B
Brgenn  Juil  Ten L
Awd o4
o i Progec -
[ = S Y— Ay ——
'Tm f==:1 [P
o T ewpras [ temi B s e
<[y Serpn L
SR —— o
i Pod v, | ST WPT
G Rapon i femeprer s e
ik U
B sl
A o= P P I [ cinbb s st Lo Sete boo I
W seang
% v Py Dom
il Bacngn
7 bl n tapaet B S 1 e 1
Bk ) Taga 1 g T D P L,
Sy Tan 8 FeiTam @ - 1
SwgTap | masm B
L]

Fig 2.2.6 SCADA Stream Explorer started

— 2.2.6 Creating a SCADA Program

Afterinstallation of the SCADA Server, the following key process should be followed to get the end result of
the new project:

1. Defining the connections: The SCADA server needs information about the protocol and the
connection/port being used. DNP3 and Modbus are the most commonly used protocol in the SCADA
server. The connection could be Serial or Ethernet, or any other.

2. Defining the Data Source: When a user chooses a database source, they are specifying that the SCADA
data will come from a file or database rather than directly from a SCADA OPC server (whether it comes
from alogger, SCADA system, or another source).
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3. Defining the Tags: The placeholder of information in SCADA servers are called Tags. Every tag contains
three fundamental inputs: Tag name, Tag Address and Data Type.

4. Creating the graphic displays: It's time to put this information on the screen now that the SCADA is
aware of what data to obtain and how to do it. Make a new graphics display, navigate to the library of
symbols, select the gauge and tank symbols, and then drag them both into the screen. Locate a
property with the name Data Source, Tag, or anything similar in the gauge's setup, and enter the tag
name there. At this point, the data gauge on the screen shows the data result in real-time if the user is
using SCADA software inthe "run mode."

—2.2.7 Graphic Display

The Graphical User Interface should have a collection of tools for representing process status visually. A
visual editor should be available to allow for the construction of graphic displays to reflect current process
information.

The option to Create/Edit Points from within the Editor should be included in the editor software. It
should also be possible to search the network for PCs and projects with access points.

To allow the insertion of pre-developed or third-party graphic objects, the editing package should contain
a Wizard / Symbol / Object Library. Symbol Library items should be native to the software solution where
possible, rather than just bitmap representations. The editing package should enable the creation of
Objects/Wizards in the native graphics and scripting language and their addition to the Library. A process
editor should be implemented to manipulate setpoints and manage windows. To create application logic,
the visual editor should have a scripting expression editor.

Graphic objects on these displays can be linked by name to the actual device and virtual data via the
distributed point database, direct OPC-DA, and historical expressions in either a real-time or historical
sense. Objects on the graphics panels can be animated, causing them to change colour and/or position.
Text information can be printed on the screen to alert workers of the current point status. Objects should
be dynamically scalable, both horizontally and vertically.

The software should support the properties such as - annunciation, movement, blink, rotation and fill,
object visibility, transfer tags for screen transfer or popup windows, object or application help screens,
alarm information, trends charts, setpoint tags for point value changes, the procedure to tag to invoke
user-defined scripts, blink filland blink rate, resizing features, colours.

Graphic Objects should include: Imported metafile objects, Embedded OLE, sound, video, clip art,
spreadsheets, etc., SPC charts, Trend charts, Historical Data displays, Alarm displays, Arcs, Lines, Circles,
Ellipses, Lines, Polylines, Polygons, Rectangles, Text strings, Buttons, 3 Dimensional Piping creator, Tag
types should include: constant - downloads constants to a point, variable - allows operator input of
desired value, ramp - downloads values in configured increments, slide - increment/decrement of point
values, toggle - sets digital points to the opposite state.
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— 2.2.8 Real-Time and Historical Trends

In the SCADA system, the graphical display of Data is called Trends. Trends play a critical role in

automation. There are two types of trends - historical trends and real-time trends.
Real-time Trends

Real-time Trends show the value of data in real-time. These are dynamic in nature as they are updated
continuously during run-time. Real-time trends enable observation of the process's actual data. For
example, a tag of the water level in a sewage treatment facility is made with the purpose of examining the
present Water Level. Real-time trends will be used, which have configuration options for seconds,
milliseconds, minutes, and hours.

Historical Trends

Historical trends are used to view past values of the Tag. These can be configured to see any past data.
They may be set up in Days, Months, Years, and soon.

— 2.2.9 Use of Alarms and Events

Events and Alarms both serve as Notifiers, giving information about things that have happened or are
currently happening in a certain industry. Alarm and event management are crucial components of
SCADA software in the automation industry.

Alarm: Alarms serve as notifications of potential issue process situations that necessitate operator action.
For Example, A tank's water level has risen over the required level, at which point the SCADA system
should sound analarm.

An alarm is used to indicate that something has gone wrong or that a certain processing step has been
reached. An alarm may indicate that the safe temperature limit for a boiler has been reached.

Events: Events are common system status notifications that don't require an operator reaction. An event
isan observable occurrence that might or might not be associated with an alarm.

A simple example of an event in industrial automation is the logging of an operator with his username to
the SCADA program. If configured to do so, the SCADA system can record that event in a text file.
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—2.2.10 Application of Scripts

Scripts: SCADA script is a sophisticated component of a basic SCADA system. It is necessary mostly if the

user has to modify the integration for a rare case or for any other special behaviour that cannot be
achieved with standard settings. In SCADA, scripts are used to build specialised applications or processes
thataccess objects, tags, databases, and reporting. The Scriptis written in JavaScript Language.

Process of creating a new SCADA script
1. Create anew SCADA project. Then, navigate to “Script”.
2. Create anew SCADA script by adding a new row at the script table.
3. Setittotrigger by Tag. Select atag fromthe list.
4. Createthetypeoftaganduseitasascripttrigger.

5. Save the project. The list will display the newly created blank scriptfile.

—2.2.11 Net DDE Communication

The network connections required for DDE discussions between programmes operating on various
machines in a network are established and maintained by network DDE. The interaction of client and
server appsis referred to as DDE communication. One employs the network DDE of application in addition
to DDE and the DDE management library (DDEML).

DDE is a type of interprocess communication that allows apps to exchange data by using shared memory.
Applications can use DDE for one-time data transfers as well as ongoing data updates and exchanges.

DDEML makes it easier to include DDE functionality into an application. Instead of sending, publishing,
and processing DDE messages directly, an application uses the DDEML methods to manage DDE
dialogues.

Uses of DDE

e Establishing a connection to live data sources, such as stock market updates, equipment used in
science, or process control.

» Creating composite documents, such as a word processing document with a visual from a graphics
program. When the source data is altered using DDE, the chart will change while the rest of the
document stays the same.

e Transferring data across apps, for as, when a spreadsheet searches a database for past-due accounts.
DDE Communication

When two DDE-capable programs are conversing, it is referred to as a DDE conversation. The DDE client
program starts the communication while the DDE server application answers the client. An application
can participate in several conversations at once, serving as the serverin some and the clientin others.
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The subject and application name serve as the individual identifiers for each DDE chat. The subject and
application name are chosen by the client and server at the start of a DDE discussion. The server
application's name s typically used as the application name.

Two windows: one for each of the involved applications—engage in a DDE dialogue. A window may be the
program's main window, a window connected to a particular document, as in a multiple document
interface (MDI) application, or a hidden (invisible) window whose sole function is to handle DDE
messages.

No window shall participate in more than one DDE conversation with another window as a DDE discussion
is identified by the pair of handles to the participating windows. For each of its discussions with a certain
serveror client application, the client application or the server application must offer a different window.

By establishing a hidden window for each discussion, an application may make sure that a set of clientand
server windows is never used for more than one chat. This window's main function is to process DDE
messages.
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— Exercise

N

1. Whatis PLC? Explainits architecture.

2. Explain Sourcing and Sinking.

3. Explain the uses of PLC Programming Software.

4. Describe the process of detecting faultsin the PLC system.

5. Whatis SCADA?

6. Describe the process of detecting faults in the SCADA system.

7. Whatare Trends?
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— Notes

Scan the QR Code to watch the related videos
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https://youtu.be/gTB  https://youtu.be/wol https://youtu.be/NW
m9BIWZqgs M60e05g4 xUJalyWFQ

Detecting faults in Communication

SCADA Software with the SCADA
Software

SCADA
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— Key Learning Outcomes | §¥

By the end of this module, participants will be able to:

1. Explainthe needfor motorsand theirapplication in different applications.

N

Explain the concept, operations and limitations of Alternating Current (AC) and Direct Current DC)
motors.

Explain different startersin motor and their functionsin DOL & Star- Delta.
Explain the use of motor starters such as DOL, Star-Delta, and Auto Transformer.
Explain the use of motor control and interlocking circuits.

State the criteria for drive selection.

Explain the communication mechanism between PLC and SCADA software

Explain the advantage of using soft starters over conventional starters.
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Explain the application of motor in different applications.

10. Explain different starters in motor and identify their function in DOL and Star-Delta.
11. Explain how to design the motor circuit and interlocking circuit.

12. Explain basic parameter programming to operate the motor.

13. Explain how to carry out drive selection for various processes.

14. Describe the concept and process of designing the control panel.

15.Describe the process of detecting faults in the real-time monitoring system and carrying out
Troubleshooting.

16. Explain how to prepare for residential wiring.

17. Explain how to design digital electronic circuits.
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UNIT 3.1: Basics of Motor

— Unit Objectives |©

By the end of this unit, participants will be able to:

=

Explain the need for motors and their application in different applications.

N

Explain the concept, operations and limitations of Alternating Current (AC) and Direct Current DC)
motors.

Explain different starters in motor and their functionsin DOL & Star- Delta.
Explain the use of motor starters such as DOL, Star-Delta, and Auto Transformer.
Explain the use of motor control and interlocking circuits.

State the criteria for drive selection.

Explain the communication mechanism between PLC and SCADA software

Explain the advantage of using soft starters over conventional starters.
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Explain the application of motor in differentapplications.

10. Explain different starters in motor and identify their function in DOL and Star-Delta.
11. Explain how to design the motor circuit and interlocking circuit.

12. Explain basic parameter programming to operate the motor.

13. Explain how to carry out drive selection for various processes.

14. Describe the concept and process of designing the control panel.

15.Describe the process of detecting faults in the real-time monitoring system and carrying out
Troubleshooting.

16. Explain how to prepare for residential wiring.

17. Explain how to design digital electronic circuits.

— 3.1.1 Electric Motors

Electric motors are electromechanical devices that transform electrical energy into mechanical energy. In
other words, a motor is a device that generates rotational force. The working principle of the electric
motor is the interaction of magneticand electric fields.

Applications of Electric Motor
Electric Motors are essential in modern-day life. Nearly every item being used uses motors. Some of the
applications of Electrical Motors are:

e Inhousehold appliances, such as fans, blowers, pumps, washing machines, coolers, turbines, etc.

e InHeating, Ventilation, and Air-conditioning (HVAC) equipment

e InIndustrial equipment, such as mills, fork mill trucks, robots, etc.
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- 3.1.2 Types of Motors

The AC motor and the DC motor are the two basic categories of electric motors. While a DC motor uses
direct currentasitsinput, an AC motor uses alternating current.

Alternating Current (AC) Motors

Alternating current (AC) motors are low-cost and high-efficiency mechanisms. Consisting of a copper
wounded stator thatis magnetically driven and a rotor mechanism, AC motors offer a simple design.

AC Motor Construction

Inan AC motor, there are two main parts, i.e. stator (stationary part) and rotor (rotating part).

End Bell

Rator Bearing

s
Wiring

Cover
Mator Stator \_,..r
Frame Fan

Blades

Fig 3.1.1 AC Motor Construction

 Stator: The stator, an inactive component of the AC motor, serves primarily to transfer a rotational
magneticfield thatinteracts with the rotor.

e Rotors: The rotor, which rotates within the motor, is a crucial component attached to the shaft. The
squirrel cage rotor is the most prominent type of rotor used in an AC motor. It is manufacturedinto a
cylindrical shape by stacking thin steel laminations.

« Shaft: By applying pressure to a steel shaft that expands outside of the motor housing, the rotor
assembly can be created. This connection to an external system allows the rotational power to be
broadcasted.

e Bearings: Bearings are positioned on the motor's shaft to support the rotor and enable rotation.
Bearings are used in AC motors to keep the shaft in place. To increase motor efficiency, the bearings
lessenthe friction on the shaft attached to the casing.

Types of AC Motors

From heavy industrial to household environments, various types and categories of AC motors are used.

e Synchronous Motors: Synchronous AC motors are mostly used in settings where accuracy is crucial,
such as in high-precision drill machines and comparable equipment. Some of these include clocks,
metering pumps, timers, speed controls, clocks, and electromechanical robots that are used in many
industrial processes
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¢ Induction Motors- These are the most typical AC motor types found in routine activities. Kitchen
appliances, autos, fans, air conditioners, and other common industrial equipment like compressors
and boiler pumps all employ induction motors.

¢ Linear Motors- The operational and functional features of linear AC motors differ significantly from
those of ordinary AC motors. In roller coasters, monorails, ground-based rails, magnetic levitation
lines, and other forms of similar transportation equipment, linear AC motors are frequently utilised.

¢ Adjustable Speed Motors- Adjustable Speed Motors are applicable to water cooling systems,
electrical power plants, land and marine gear, and cargo pumps.

¢ Universal Motors- Universal Motors are used in a variety of applications, including industrial and
kitchen blenders, trimmers, vacuum cleaners, dryers, high-power engineering, and railway traction
mechanisms.
Advantages of AC Motors
e EasyandSimple Design
e Inexpensive
e Balanced power-to-weight ratio
e Lessmaintenance
e TheACsource can be connected to the motor directly.
Limitations of AC Motors
* Thestartingtorque of the ACmotorisvery less
* Itwon’t operate atlow speeds
e Poor Positioning Control
e Limited Speed
Direct Current Motors

A DC motor, also known as a direct current motor, is a type of electrical device that uses direct current to
generate a magnetic field that converts electrical energy into mechanical energy. According to the DC
motor's operating theory, a current-carrying conductor receives a mechanical force when it comes into
contact with the magnetic field. Flemming's left-hand rule can be used to determine both the direction
and magnitude of this force.
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DC Motor Construction

Rotor

/
Y

Field Magnets

Fig 3.1.2 Parts of DC Motor

The main parts of DC Motor are:

Stator: The statoris a stationary part like one of the DC motor parts, which includes the field windings. The
primary function of the statoris to get the supply.

Rotor: The rotor is the dynamic part of the DC motor that creates mechanical revolutions.
Brushes: Brushes work as a bridge to fix the stationary electrical circuit toward the rotor.

Commutator: Commutator is also one of the essential parts of a DC motor. It is a split ring that is made
with copper segments.

Axle: The Axle holds the rotor and then commutator.
Types of DC Motor
DC Motors are used for a variety of applications. The different types of DC Motors are:

» Series Motors: In series motors, the field winding is connected to the armature winding in series. The
series motors provide starting torque and can move very large shaft loads. This type of motor is used
in cranes, sewing machines, vacuum cleaners, air compressors, etc.

e Shunt Motors: In shunt motors, the field windings are connected to the armature winding in parallel.
It is famously used for its best speed regulation. Shunt Motor is used in fans, conveyors, centrifugal
pumps, weaving machines, etc.

¢ Compound Motors: In Compound Motors, the field can be connected in series through the armature
and shuntfield as well. While the shunt field offers improved speed regulation, the series field offers a
better starting torque. This type of motoris used in elevators, shears, rolling mills, etc.
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Advantages of DC Motors

e Highstarting Torque

e Widerange of speed control

e QuickStart, Stop and Reversal.

e Freefrom reactive power consumption
Limitations of DC Motors

e Highinitial cost

e High Maintenance Cost

e Therisk of commutation failure makes it non-operational in hazardous environments.
Considerations while choosing the Drive or Motor

There are several hardware variables to consider when picking a motor or drive. There are several
important factors to consider, including the tasks that the motor must be able to accomplish, the position
of the motor, compatibility, sustainability, and cost.

Function

The two primary types of motors are DC and AC, and one is a better choice than the other in different

scenarios.

DCdrivesand motors are simplerand can provide higher starting and acceleration torques. They also have
extra hardware that may be added for customization.

AC motors, on the other hand, are a superior choice for high-speed operations and systems that require a
motor to run at low speeds for extended periods of time. Multiple motors may be conveniently controlled
by an ACdrive atthe same time.

Location

Size is an important consideration depending on the available area. If the motor is to be installed in a
difficult-to-reach location, one should go for a motor that requires less maintenance. An AC motor, for
example, does not need frequent tuning and adjustments as a DC motor. Depending on the situation,
motors may need to withstand severe temperatures, dampness, or dust. If the motor or drive is unable to
withstand the circumstances, an enclosure must be present to protect the motor or drive.

Compatibility

All aspects of the system must be compatible. As power sources, voltage and horsepower vary depending
on the application, the most appropriate motor and drive must be selected. The selected software and
firmware must also be compatible in order for the system to communicate effectively.
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Sustainability

Sustainability is essential in a variety of ways. One should consider the hardware's longevity. For example,
a DC motor, especially a brushed DC motor, has a significantly shorter lifespan than other types of motors,
although less expensive at first. Replacements, on the other hand, incur additional expenses and
inconvenience. The software that operates the systems must also be considered in the long term.
Software upgrades are required to keep things working as smoothly as possible. When it comes to
firmware upgrades, some drives are more adaptable than others. Variable frequency drives, often known
as ACdrives, are more adaptable to changes.

Cost

There are several economic considerations for selecting the correct motors and drives. DC motors may be
less expensive to purchase than AC motors, but AC drives are more energy-efficient, saving money during
operation. Furthermore, while replacing outdated technology with newer might be pricey at first, the
long-term benefits greatly outweigh the short-term costs.

— 3.1.3 Motor Starter

Motor Starters is one of the key inventions for motor control applications. A starter is an electrical device
that controls the electrical power to start a motor. These electrical devices are also employed to stop,
reverse, and safeguard electric motors. The two main parts of a starter are:

Contractor: The contactor's primary job is to control the electric current flowing to the motor. It can start
or stop the flow of power to the circuit.

Overload Relay: Overheating and excessive current consumption can burn the motor and make it useless.
Overload relays protect the motor from such dangers.

Features of Motor Starters

* Facilitate the starting and stopping of the motor

* Rated by power (horsepower, kilowatt) and current (amperes)
e Provide protection from overload

e Facilitates remote ON/OFF feature

e Rapid making and breaking of the current
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Circuitry and Operation of Motor Starter
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Fig.3.1.3 Motor Starter Power Circuitry

The two circuits in a Motor Starter are as follows:

e Power Circuit: It connects the line to the motor. It transmits electricity through the starters and then
to the motor. The main contacts of the contactor carry the motor current.

e Control Circuit: It operates the contactor to turn it ON or OFF. The main contacts control whether
electricity may pass to the motor and if it can be stopped. For this purpose, the contacts in the control
circuit are either opened or closed. When the contactor coil is energized by the control circuit, an
electromagnetic field is produced. This electromagnetic field pulls the power connections into a
closed state completing the circuit between the motor and the line. The control circuit enables
remote operationsin this manner.

Types of Motor Starters
There are mainly two types of Motor Starters: Manual Starters and Magnetic Motor Starters.

Manual Starter: As suggested by the name, this type of motor starter is operated manually. These starters
are really simple and quick to use. A button (or rotary knob) on the starter allows the user to turn the
connected machine on or off. Mechanical linkages built into the buttons cause the contacts to open or
close, starting or stopping the motor.

Magnetic Motor Starter: A magnetic motor starter is operated electromagnetically. The motor load
attached to the motor starter is normally started and stopped using a lower and safer voltage than the
motor voltage. The Magnetic starter has an electrical contractor and overload relay, which protects the
device from overheating.

There are several types of magnetic motor starters, depending on how they are connected in a circuit.
These are:
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DOL (Direct-On-Line) Starter

DOL starter is the simplest motor starter. The controller of this starter is a simple push-button. Pressing
the start button closes the contactor connected to the main supply and motor, leading to a supply of
currentto the motor. Astop buttonis provided to turn the motor off.

In order to safeguard the overload relay against overcurrent, the control circuit is routed through a
normally closed auxiliary contact on the device. The typically closed auxiliary contact opens when the
overload relay trips, de-energizing the contactor coil and allowing the main contacts of the contactor to

open.
Star Delta Starter

Star delta starters are used more frequently than other types of starters. The three windings of the star-
delta starters are connected in a star configuration. The timer or any other controller circuit sets a specific
time. Once this time elapses, the windings are joined using a delta connection.

The total current drawn is 58 per cent of the normal current, and the phase voltage in the star connection
isreducedto 58 per cent. Asaresult, the torque is decreased.

Auto Transformer Starter

In Auto Transformer Starter, a certain percentage of the primary voltage is supplied to the secondary
transformer. The auto transformerisalso connected in a start configuration.

In this type of starter, the three tapped secondary coils are connected to the three motor phases, which
helpsinthe reduction of the voltage being applied to the motor terminals.

Rotor Resistance or Slip Ring Motor Starter

The Rotor Resistance Starter works on a full voltage motor starting technique. It is called a Slip Ring Motor
starter because it works only on a slip ring induction motor. In this starter, the three resistances are
connected in series with the rotor windings. This helps in increasing the motor torque and reducing the
rotor current.

Stator Resistance Starter

It consists of three resistors which are connected with each phase of the stator windings in series. A
voltage drop is brought on by each resistor, forcing the application of low voltage to each phase. During
the motor start phase, these resistances are set to their starting or maximum position. This kind of starter
maintains a low starting current. Itis also important to maintain the motor's starting torque.
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— 3.1.4 Soft Starter

A soft starter is an extra component that may be attached to a standard AC electric motor to enable the
motor to use a different startup method. This device's objective is to lessen the strain on the motor during
the regular motor power-up phase.

It is another type of reduced voltage starter. Since electric motors frequently consume large amounts of
power while accelerating to the nominal speed, a soft starter can be used to reduce the electric motors'
"inrush current" and torque, allowing for a safer, smoother, and more gradual start-up.

Soft Starters decrease the heat caused by frequent starts and stops, lower mechanical stress on the
motor's shaft, and reduce electrodynamic loads on the power lines. This protects the electric motor from
potential damage and also extendsiits lifespan.

Soft Starters for motors are typically used in industrial applications such as Dust Collector, Water Supply
Systems, Heavy Load Conveyor Systems, etc., which demand a high inertia load and a huge inrush of
current.

Internal Workings of a Soft Starter

Triacis the main component of a Soft Starter. It has been designed to limit the voltage being applied to the
motor. When an internal pulse is applied, its gate permits the current to flow, which then transmits
current to the motor. Since the pulses are supplied based on the ramp time, the motor will get current
gradually. The soft-start motor will be able to start smoothly, minimizing torque and inrush current.

Advantages of Soft Starter
e Extendsthe life of the motor and the equipment by preventing jerks.
e Reduces maintenance requirement of equipment.
e Ensuressmooth and uniform start by torque control.
e Prevents mechanical, electrical, and thermal weakening of electrical devices.

e Facilitates power factor correction.

— 3.1.5 Motor Circuit

A motor circuit is that section of an electrical motor circuit that delivers current to the electric motor. It
consists of a switch, control transformer, protective devices such as fuses, a motor starter and a motor.

Interlocking Circuit

To link the motor circuit in a way that the second motor won't run until the first one does, and the third
motor won't run until the second one does, and so on. The term "interlocking" refers to this particular
motor circuit connection.
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Electrical interlocking is achieved by connecting the ordinarily closed contact of one direction's coil to the
normally open contact of the other direction's coil and vice versa. When the forward coil is powered,
pressing the reverse pushbutton does not energize the reverse coil. When the reverse coil is turned on,
the same thing happens. In both cases, the stop button must be pushed in order to de-energize the
running coil and restore all of its auxiliary connections to their original condition. The coil in the opposite
direction can then be engaged. One of the Electric Interlock examples is the thermal overload on a motor
starter.

When the currentis too high, the coil circuit opens, causing the motor to shut down.

Thermal
Contactor overload
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Fig.3.1.4 Open Coil Circuit

Once cooled, the thermal overload permits the current to flow again. This is an electrical interlock
because the electricity to the motor coil is lost, preventing it from turning on.
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Fig.3.1.5 Interlock Coil Circuit
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— 3.1.6 PLC Motor Control Ladder Logic Programming

Prerequisites/ Assumptions of the Process

¢ Whenthe Start buttonis hit, a Motor must be started by a PLC. There are three interlocks: high motor
vibration, overload, and high motor temperature.

¢ The motor must be stopped promptly by the PLCif any interlocks are engaged.
» Ifthestop buttonis pressed, the PLCis required to stop the motor.

¢ Onlywhenthe motorisinremote mode must PLC trip logic or aninterlock be enabled.

PLC | SUBSTATION
— START |
e — PERMISSL | FEEDER |—3phase
Slﬂl'lﬂl Stop N oW |
L e
424V DL

Vibration contact

Fig. 3.1.6 Motor Control

In fig. 3.1.6, Red LED indicator lights on the PLC's input and output cards show if the corresponding I/0
channels are activated.

PLCInputs

e StartPush Button

e Stop Push Button

e Vibration High

e Temperature High
e OverloadTrip

* RunFeedback

¢ Remote Status

N
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The motor is a three-phase, 415V AC-powered device. High voltage equipment will thus, by default, be
powered by substations or motor control centres (MCC) that are kept up by electricity. It is considered that
the motoris connected to a simple motor feeder.

The motor feeder often receives inputs from the field (local control panel) and PLC as well, which are
depictedinthe diagram below.

415V AC
!
Remote Start > ¢ Local Start
RemoteStop o MOTOR ¢ Local Stop
issive ——>
Permissive FEEDER < Local/Remote
Run
B < = F
Local/Remote s;::rgencv

Fig. 3.1.7 A Motor Feeder

If the motor feeder receives the start and stop command inputs from the PLC, the signals are referred to as
remote start and stop signals. It is referred to as local start and stop signals if the motor feeder gets the
start and stop command inputs from a local control panel (LCP) that is positioned in the field close to the
motor.

This LCP often has both a Local/Remote selection switch and an emergency stop.

A Local/Remote status is also sent from the motor feeder to the PLC. The motor feeder will only take into
account signals from the LCP if the Local/Remote selection switch is set to Local mode, ignoring directives
from the PLC. Similar to this, if the Local/Remote Selection switch is set to Remote Mode, the motor
feeder will only take into account signals from Remote or PLC and disregard signals from LCP.

For Example, if Local/Remote selection, turn on the remote mode; since the choice is in remote mode, the
motor will not start if the field operator presses the start push button from the field LCP.

How PLC controls a motor

Since Remote selection is in Remote Mode, a Permissive signal (Start Permissive) to the motor, under PLC,
as an additional measure of safety and to monitor the interlock's status, start permissive will be
implemented. The motor feeder will only receive permissible signals if every interlock is functioning

properly.
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After the Start Push Buttonis pressed, PLC checks the status and proceeds furtherif itis Remote.

If thereis nointerlock or everything is working properly, the PLC sends a start instruction to the substation
where the motor feeder is placed. After receiving the start order from the PLC, the motor feeder will
energize and turn on the motor. Following motor start-up, the motor feeder will communicate Run
feedbacktothe PLC. The visuals will display the run feedback.

Some PLCs automatically transmit a Stop signal to the motor feeder if the Run feedback is not received
within a certain time range. In normal PLC applications, this is an optional function but compulsory in
safety PLCs.

If Vibration High is received, the PLC sends a stop instruction to the motor feeder, stopping the motor
instantly. The runfeedback statusis updatedin line with this.

We must establish an appropriate communication channel or bus in order to connect a PLC with SCADA.
The SCADA software-equipped monitoring PC has to be connected to this communication channel
through its communication port.

The first stage in testing the PLC and SCADA's communication protocols is verifying that PLC and SCADA
have common communication portals. Some of the communication protocols used by SCADA software
are - MPI/DP, Profibus, Ethernet, OPC, etc. Common PLC protocols include MPI/DP, Ethernet, Serial Port,
and others.

Process of connecting PLC with SCADA:
e Createanew projectinthe TIA portal.
e AddanHMIlapplication. Using, Add new device >> HMI >> Simatic HMI application.
e Selectany WinCCversion. Inthe following process, the WinCCRT Advance has been selected.
e Provideacommunication channelin SCADA by adding an Ethernet. Drag and drop IE General here.

e AddaPLC controller to interface WinCC RT Advanced with PLC. Go to Add new device >> Controllers.
Here,anS7 1200 series CPU 1212 DC/DC/DChas been added.

e Go to PLC CPU Properties >> General >> Ethernet addresses to connect PLC with SCADA through
Ethernet protocol

e Asimple logic has been created to start and stop the motor. Create a simple logic and then download
itinto PLC.

e Prepareagraphictocontroland display the status of the motor.
e GotoHMIApplication >> Connection to configure a connection between PLCand SCADA.
e Selectcommunication driver as Simatic S7 1200 as we have selected plc controlleris of 57 1200 series.

e Now, the motor can be started and stopped from the SCADA, and the online status in PLC can also be
checked.

» Start/Stop buttons and the motor indication will be visible.

When the operator presses the start button, it will activate the output Q0.0 bit and will start the motor.
The motor’simage willappear in green colour, which indicates that the motor is running.
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- 3.1.7 Control Panel

The control panel is the point at which people control industrial motors and automated operations. The
control panelis where ideas emerge from need, and new processes are put in place to optimise and boost
efficiency.

Electrical motor control panels are designed to hold motor controllers, drives, relays, switches, and
transformers used to operate motor equipment. They may be utilised in both low and medium-voltage
applications and can be adapted for a variety of motor controllers and starters.

Control panels are typically enclosed printed circuit boards that link to all peripheral devices in their
vicinity. Door hardware (such as a door position switch, card reader, or door strike) and additional inputs
and relays as needed are examples of peripheral devices. The control panel handles peripheral devices
and interacts between them and the host computer. The following functionalities are available on the
control panels:

e Consolidation of all peripheral device connections

e Provision of electricity to peripheral devices as needed

e Management of peripherals in the absence of communications with the host computer or while
workingin adispersed manner

The process of Control Panel Designing should always begin with a review of the specifications,
requirements, and regulatory standards. Following the evaluation of these factors, drawings are
generated to detail the particular arrangement of wiring, circuits, controls, and every other feature of the
final control panel. A good design considers both electrical and physical needs. These designs should
include:

e Functional diagram

e 1/O(Input/Output) diagram

* Powerdistribution

e Control cabinetand back panel layouts

* Material list

Atable of contents is also advised as there are so many components in a proper schematic. The schematic
serves as the basis for the later design of an industrial control panel.

A standard industrial control panel has an average lifespan of around 20 years. A well-designed panel will
be as sharp and efficient on its last day of duty as it was on the first. The following are good indicators of
the durability of the design:

e Heavy Duty Power Grid: Functionality begins with the primary power supply, circuit breakers, fuses,
connectors, grounding components, and contacting devices. This is where the control panel will
begin,sodon'tscrimp on hardware here.

e Wiring Grid: Investing in a good cabling management system here is money well spent. Interfaces
that are neatly connected are significantly easier to maintain and service.

¢ Human-Machine Interfaces: The more complex the interface, the more likely the system will meet
and surpass future standards. This comprises all analog or digital switches, lights, visual displays, and
gauges.

« Sensing and command controls: all sensors, relays, transmitter assemblies, receiver assemblies, and
any input/output (10) modules, as well as all hardwired logic components.
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- 3.1.8 Detecting Faults in the Real-Time Monitoring System ——
and Carrying Out Troubleshooting

One of the most important concerns in automated system design nowadays is system reliability and
accessibility. Traditional methods for increasing system reliability and availability include improving the
quality, reliability, and resilience of individual system components such as sensors, actuators, controllers,
and/or computers, which are crucial to current monitoring operations. Even yet, the perfect operation
cannot be assured. Process monitoring and fault diagnostics are critical components of innovative and
sophisticated systems of automated management of production system operation.

The block diagram below depicts the macro-level sequential structure of an intelligent monitoring and
supervisory system.

Fig. 3.1.8 Flowchart of intelligent monitoring and supervision system

Monitoring: The changes are noted during this time. These changes must be recorded in a data-gathering
system known as the Database, which allows to build a history of a specific variable's or parameter's
behaviour through time in relation to a reference level or threshold of behaviour. This procedure is only
carried out with a strong system of sensors located at crucial places of equipment or systems, allowing for
continuous-time observability. Monitoring is carried out using Digital and Remote Digital Recorders.
Digital recorders—digitally record all information from the sensors. These devices are used to create a
history of the behaviour of a parameter or variable through time. This data is often stored in the binary
system.
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Remote digital sensors (threshold) - A transducer is a sensor or actuator that is used for detection and
actuationina particular process.

Supervision: Monitoring System sends information to the Supervision Area. With this information, A
"Knowledge Bank" must be managed using intelligent software, where information obtained from
various physical parameters is crossed and integrated, yielding a result that is closer to what is truly
desired: an effective decision-making aid.

Using intelligent approaches, the supervisory system automatically processes the information acquired
by the monitoring system via internal procedures (Computational Intelligence). The goal is to detect
incipient problems automatically, that is, to discover faults early, identify them, locate them, and estimate
their severity.

Evaluation: At this stage, deviations or alterations in the typical behaviour of a parameter are detected. A
comparison procedure using a previously established reference value is used for this. This revision is
conducted in real-time, and the results are compared to previous behaviour to determine whether it is
truly exhibitingananomaly or merely anisolated occurrence.

There are tools or approaches that allow the database assessment procedure to be performed using the
historical behaviour of the parameters of interest in an optimum and efficient way. These methods are
Statistical and Probabilistic Techniques, Kalman Filter, Fourier Transform, Wavelet Transform and ARMA
(p, q) model.

Diagnosis: At this step, the kind and degree of variation, the type of failure, its location, severity, and
impact on the performance of an element or component are assessed, and the root cause of the
disturbanceis discovered.

Application of Corrective Measures: Among the various alternatives available to remove these
fluctuations, the best from a technical and economic viewpoint is sought that could be implemented in
real-time, either online or offline. This is determined by the severity of the failure, such as whetheritis a
likely failure and the catastrophic implications or indications of an impending failure. This optimum
solutionis discovered by the use of intelligent optimization techniques such as:

e Neural networks
* Neural networks
e FuzzyLogic

Solution: The intelligent monitoring and supervisory system achieves the ability to decide on its own. This
decision should specify the appropriate course of action to minimize or eliminate a specific change. This
intervention must occur in real-time and online. It should show the sort of application that will be
conducted, the moment at which the intervention will be made, the components that will be reached,
and their intervention time. The solution can be given by: Maintenance, Predictive and proactive
maintenance & Element or device replacement.

Innovation: The ultimate solution will illustrate the adaptability, autonomy, and efficiency of monitoring
and supervisory systems when they operate and are structured as intelligent systems. Errors in
procedures using these technologies will be kept to a minimum to maintain safety and accuracy.
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Residential wiring is the process of connecting numerous accessories for the distribution of electrical

energy from the source to various appliances and equipment at home, such as televisions, lights, air

conditioners, and so on. The process of Residential Wiring includes:

Load Calculation: It is preferable to estimate the electrical requirements before buying house wiring.
Make a list of all the electrical appliances that will be utilised in the specific household. Check the
wattage capacity of each equipment. Calculate the average consumption in terms of hours per day.
Finally, specify how many days per year the appliance will be used. Multiply these three figures and
divide the total by 1,000 to get the kilowatt-hours (kWh) number. Future requirements must be
considered. The gauge of the wire can be chosen by calculating the kWh.

Placing the concealed conduit PVC pipes in position: This is the most crucial aspect of home wiring.
Mark the locations of power points, electrical outlets, modular boards, and distribution boards.
Chiselling the walls and placing the conduit pipes are frequent steps in this process. PVC pipes with
concealed conduit reduce the risk of electrocution while also being aesthetically beautiful. One must
save a Single Line Diagram (SLD) of the pipes and wiring because it will be needed for any future
electrical or civil work.

Colour coding of wires: This is by far one of the most critical aspects of house rewiring. Colour coding
of wires aids in detecting or identifying the cables even after years of use. Several colours, including
red, green, blue, black, and yellow, are available for wires. A separate colour for each operationisideal
ifthereis alot of wire.

Passing wires through the pipes: Pass cables from ceilings, walls, etc., to the master distribution box
asneeded. Assemble the wires and run them through a GA wire.

Earthing: Earthing is required for both human safety and the protection of electrical appliances.
When electrical equipment, such as a washing machine, develops a fault, the electricity travels down
the earthing channel. Without the earthing connection, the washing machine's exterior metal body
would become live. And simply touching the equipment might resultin an electrical shock.

Fixing the switchboard: Switches, plugs, fan regulators, and maybe light dimmers should now be
installed on the switchboard. Remember to plan ahead and create preparations for future needs
while making decisions about load, switches, and wiring. Use caution while handling live wires, and
be certain that all electrical equipment is used to meet stringent safety requirements.
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- 3.1.8 Digital Electronics Circuit
Digital Circuit

A digital circuit is an essential part of digital electronics. It is used in a variety of devices for a variety of
applications. The primary function of this circuitis to transmit power to the circuit's many components.

A digital circuit is a type of circuit that operates using different logic gates. Different power signals are
distinguished using logic gates. It can be used to send power signals through various gates to different
parts of electrical equipment. This will make it easier to produce an output signal whose energy level is
proportional to the input signals. Most of the components in these circuits are analogue. Compared to
analogue circuits, its architecture is more complex.

Components of Digital Circuit

» Diodes: Diodes are used to let the current flow in just one direction. Diodes are constructed using
semiconductor materials.

e Transistor: Atransistor is essentially a three-terminal semiconductor device. It may function as both a
switching device and an amplifier.

e Resistor: Aresistoris a passive component thatisusedin a circuitto oppose the passage of electricity.
The two types of resistors are fixed and variable resistors. A fixed resistor's resistance value cannot be
altered. The resistance value of a variable resistor may be modified to meet the needs. Ohm's law is
followed by resistors.

e Capacitor: Two conducting plates and an insulator separate the plates that make up a capacitor. Inan
electricfield, capacitors primarily store electrical energy.

¢ Inductors: Inductors are devices that store electric energy in a magnetic field. It is also used to fight
current developments.

« Battery: The battery is another essential part of an electrical circuit that acts as a power source. A
batteryis a device that transforms chemical energy into electrical energy.

¢ Logic Gates: The most fundamental components of a digital circuit are logic gates. They take two or
more inputs and output one output.

There are three types of logic gates:

» Basic gates: These gates can express Boolean functions in either the sum of products or the product
of sums form. AND, OR, and NOT gates are the most fundamental logic gates.

e Universal gates: These are the logic gates that can be used to build all other gates. The two universal
gatesare NAND and NOR.

e Special gates: EX-OR and EX-NOR are the two exceptional gates because they are special instances of
the ORand NOR gates.

e Switch: A switch is another element of an electric circuit that has the potential to control how much
current travels through the circuit.
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Digital Circuit Design

Digital circuits may be created utilising the numerous components that are often used in the circuit. In the
following circuit, a diode, a resistor, an inductor, a capacitor, and a power supply have been used.

T —> ;

—) >

}

Fig. 3.1.9 Digital Circuit Design

The following circuit is a full-adder that may be used to add the circuit's bits. To get the output, the circuit

conducts a Boolean operation on the input bits. There are two XOR gates, two AND gates, and an OR gate
inthecircuit.

Applications of Digital Circuits
 Digital circuits are essential components of electrical gadgets.
e Itmaybe usedto create a watch display or a countdown timer.
 Digital circuits are used in sophisticated operations such as rocket science and quantum computing.

« Trafficlightsand automated glass doors in workplaces and restaurants also employ digital circuits.




Mechatronics Designer

and System Integrator

N

— Exercise

1. Explain electric motors and their types.
2. Statethe features of motor starters.
3. Explainin briefthe interlocking circuit.

4. What are the components of a digital circuit?
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— Notes

https://youtu.be/MB
T7KxQTCwO

Control Panel
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— Key Learning Outcomes | §¥

10.
11.
12.

13.

14.
15.
16.

17.

By the end of this module, participants will be able to:

Explain the functions of switch gears and relevant accessories.

Explain the basics of control and power drawings.

State the applicable protective measures to be taken during panel designing.
Explain the need and application of panel designing.

Explain the use of relevant indicating devices such as Ammeter, Volt Meter, Power Factor (PF) &
Kilowatts (KW) Meter for measuring various parameters in the panel design.

Explain the functioning of the load management system in designing the panel.

. Explainthe practice of load management, i.e. connected load, running load, load factor, etc.

Describe the process of preparing general arrangement and busbar sizing diagrams.
Describe the process of preparing power and control circuits.

Explain how to maintain and troubleshoot control circuits in live panels.

Describe the process of designing power and control drawings through AutoCAD.
Explainthe function of various devices in designing an electrical circuit.

Explain how to create, modify, and document electrical control systems with AutoCAD Electrical
toolset.

Explain how to create the electrical and power circuits.
Explain general wiring guidelines and practices.
Describe the process of maintaining and troubleshooting control circuits in live panels.

Describe the process of designing power and control diagrams.
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UNIT 4.1: Process of Designing Panels

— Unit Objectives |©

By the end of this unit, participants will be able to:

Explainthe functions of switch gears and relevant accessories.
Explain the basics of control and power drawings.
State the applicable protective measures to be taken during panel designing.

Explainthe need and application of panel designing.

A

Explain the use of relevant indicating devices such as Ammeter, Volt Meter, Power Factor (PF) &
Kilowatts (KW) Meter for measuring various parameters in the panel design.

Explain the functioning of the load management system in designing the panel.
Explain the practice of load management, i.e. connected load, runningload, load factor, etc.

Describe the process of preparing general arrangement and busbar sizing diagrams.

© 0 N o

Describe the process of preparing power and control circuits.

10. Explain how to maintain and troubleshoot control circuits in live panels.

11. Describe the process of designing power and control drawings through AutoCAD.
12. Explain the function of various devices in designing an electrical circuit.

13. Explain how to create, modify, and document electrical control systems with AutoCAD Electrical
toolset.

14. Explain how to create the electrical and power circuits.
15. Explain general wiring guidelines and practices.
16. Describe the process of maintaining and troubleshooting control circuits in live panels.

17. Describe the process of designing power and control diagrams.

— 4.1.1 Electrical Panel

The electrical panel is the principal component of an electrical distribution system that splits electrical

power to branch circuits while providing protective devices for each circuit in a single enclosure. Electrical
panels, in essence, are used to prevent overloads and short circuits while distributing power across a

structure or business.
Itisan enclosure that contains switchgear, control and power units to conduct the needed function.

An electrical panel, according to the National Electrical Code® (NEC®), is a single panel or group of panel
units designed for assembly in the form of a single panel; including buses, automatic overcurrent devices,
and equipped with or without switches for the control of light, heat, or power circuits; designed to be
placedin acabinet or cutout box placed in or against a wall or partition and accessible only from the front.
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All electrical operations, such as power distribution, power transmission, and power system protection,
are carried out only via the use of an electrical panel. The electrical system (wiring diagram) will be
developed utilising the electrical panel & Electrical panels are the practical implementation of an
electrical wiring schematic. It is made up of trip circuits, closure circuits, busbars, cables, MCCBs, MCBs,
MPCBs, NO & NCs, and so on. Electrical panels ensure that electricity is safely distributed to the load.
Electrical panels are made of rolled steel and are either rectangular or square in form.

Electrical panels are categorised into many categories based on their application.

Control Panel

PCC—-Power Control Center

MCC-Motor Control Center
e MLDB—Main Lighting Distribution board

Control Panel: Control Panels are made up of circuit control elements such as relays, metres, alarm
circuits, PLCs, SMPS, and small power sources. These panels are positioned near the maintenance
operator's station.

PCC: Power Control Center is abbreviated as PCC. This is the heart of the control circuit. The output of the
generators or transformersis sentinto the PCC. This panel will house the main power circuit equipment. It
comprises of circuit breakers, Busbar, PTs (Potential Transformers), CTs (Current Transformers), insulators,
and other components. Major safety circuits will be built in this panel to safeguard transformers, motors,
generators, and other components. Power from the PCC panel will be supplied to MCC panels through
feeders.

MCC: MCCis an abbreviation for Motor control centre. It is made up of Feeders, and the feeder includes
the motor starter, SFU, MCB, MCCB, MPCBs, control transformer, meters, and so on. One may access all of
the circuit breakers or fuses by opening the MCC panel doors. Typically, one of these panels feeds all of the
circuitsinthe power plant or other electrical applications, but in other cases, another "sub-panel" such as
awelding distribution board or lighting distribution board serves a dedicated region.

MLDB- Main Lighting Distribution Board: Distributes power to the lighting circuits. An MDB is a panel or
enclosure that holds the fuses, circuit breakers, and ground leakage protection devices where the
electrical energy is received in from the transformer or an upstream panel and distributed to multiple
individual circuits or consumer points. An MDB usually contains one or more incoming power sources and
comprises primary circuit breakers as well as residual current or earth leakage prevention devices. A free-
standing enclosure, a bus bar system, MCCBs, metering and support equipment, and needed current
transformers compose an MDB. Panels are organised in a systematic fashion, such as incomer and
outgoingsections.
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Components of Electrical Panel

Within an electrical panel enclosure, there are eight main sorts of electrical components that define and
arrange the panel's many functions. These elements are as follows:

e Main Circuit Breaker: Most installations have a single bigger circuit breaker at the top of the panel,
which is normally situated dead centre in the panel. This huge circuit breaker is known as the main
breaker. It serves an important function in the electrical system by providing a way to disconnect
electricity to the whole circuit breaker panel and therefore turning down power to the entire house.

e Surge protectors: This component prevents overvoltage from harming the electrical components
inside the panel caused by lightning strikes or utility power surges.

e Transformers: Transformers may lower voltage to 120V for various components depending on the
incoming voltage or step down the voltage to 24V when the incoming power is 120V.

e Terminal elements: These blocks aid in the organization and distribution of wires from numerous
sources to various electrical equipment.

e Programmable Logic Controller (PLC): This is essentially a CPU that is housed within the control
panel. This device is the control panel's brain, monitoring and controlling the numerous mechanical
operations. It will incorporate numerous inputs and outputs to and from automated manufacturing
equipment operations.

« Contactors and Relays: These on/off switches regulate automated functions based on PLC orders.
Smaller relays regulate functions such as lighting and fans. Larger relays, known as contacts, regulate
more sophisticated operations such as motors.

e Switches for networks: The control panel's communication hub and network switches enable
communication between the PLC and the different network-compatible devices on the production
line.

« Human-Machine Interaction (HMI): This component enables the operator to monitor and control
certain operations of the machinery. Video displays, joysticks, buttons, switches, and keyboards are
examples of common HMIs.

Considerations in Panel Designing

Control panels comprise electrical components and gadgets that enable the automation of industrial
processes and equipment. A number of essential things must be considered when creating a bespoke
control panel to ensure the panel runs effectively, is safe to use, and remains trustworthy. Understanding
the fundamentals of what to consider in industrial control panel design ensures that the panel satisfies
particular needs and decreases the likelihood of costly mistakes throughout the project.

Panel Layout and Design: When designing an industrial control panel, one must take into account every
facet of the production process, equipment, and plant environment. This knowledge is required when
deciding the type of enclosure required, the available space for installing the control panel, the electrical
requirements, and the hardware and software components required to provide the desired functionality.
While each custom control panel is tailored to a unique purpose, most follow a similar general
appearance.

'
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* Enclosure Type and Sizing: Determining the kind and size of the control panel enclosure is a critical
stage in the design process. When deciding on an enclosure type, one should consider the
environment in which the panel will be installed. A panel exposed to corrosive chemicals, for example,
will require a fully sealed stainless-steel casing, whereas a panel put in an area with high ambient
temperature may require a ventilation fan or air conditioner.

Once the enclosure type is determined, the appropriate size is determined based on the space needed
to install and connect the anticipated control panel components. Furthermore, the National Electric
Code (NEC) specifies sufficient wiring area and wire bending radius.

* Power and Circuit Protection: Another crucial stage in building a custom control panel is determining
the power needs, which are best handled by a qualified controls engineer. Full-load calculations assist
in establishing how many amps must be provided to the panel. Furthermore, depending on the voltage
of the power supplied by your facility, a transformer to convert the voltage to 120V AC and/or a power
supply to convertto 24V DC may be required in your panel.

For example, if the panel will be operating motors, contactors, overload relays, or motor starters may
be required to prevent the motor from drawing too much electrical current and overheating.

Determining the suitable wire diameters to enable the delivery of the appropriate load current, as well
as incorporating the necessary circuit protection, are important parts of your panel's electrical design.
Circuit protection is critical for maintaining consistency and avoiding high voltages or currents from
damaging your cables and components. Circuit breakers, surge protectors, and fuses are examples of
circuit protection components.

» Control Components: Another stage in developing a custom control panel is selecting the appropriate
components and devices to achieve the required control functionality. Control components such as
relays or timers can be utilised in simple control applications where the ability to turn something on or
off depending on aninputsignalis all thatis required.

More complicated applications, such as those requiring the capacity to regulate a series of events, may
necessitate the use of a programmable logic controller (PLC), which is a microprocessor developed
specifically for use in severe industrial settings.

e OperatorInterfaces: The operator interface on the control panel can take many various forms, such as
pushbuttons, switches, indication lights, digital metres, or a human-machine interface (HMI) display.
Depending on the amount of capability required, any of these interfaces can be utilised independently
or in combination with one another. The ability to merge all pushbuttons, switches, and metresinto a
single digital touch screen display is one of the benefits of employing an HMI in the design.
Furthermore, when combined with SCADA software, HMIs give an overview and management of your
facility and current operations, as well as alarm indications, machine metrics visualisation, and
production reports.
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Safety and Regulations: Certain control panel and electrical regulations must be complied with to ensure
safety. The mainindustrial control panel codes and standards include:

e ULS508A-“Standard for Industrial Control Panels intended for general use.
e UL698A-"“Standard for Industrial Control Panels Relating to Hazardous (Classified) Locations.”
e NFPA70-"“Standard for the safe installation of electrical wiring and equipment.”

e NFPA 79 — “Electrical Standard for Industrial Machinery to protect operators, equipment, facilities,
and work-in-progress from fire and electrical hazards.”

When creating a control panel, safety is of the utmost importance. Using a disconnect switch to
completely turn off electricity before doing maintenance or in an emergency is one technique to enhance
safety. Furthermore, adopting the lowest practicable voltages, touch-safe components, and adhering to
NECand UL norms all contribute to a safer control panel.

« Control Panel Maintenance: Keeping bugs away from panel wiring and out of the enclosure.

e Cleaning up dust on a regular basis. Vacuuming near circuit boards should be avoided unless
electrostaticdischarge (ESD) guidelines are followed.

e Checkingterminal connections on aregular basis to ensure they are appropriately tightened.
e Keeptheenclosure doorclosed at all times.

« Contacting systemsintegrator to execute any required software updates.

4.1.1 Electrical Panel

An electric circuit is a path for the transmission of electric current. An electric circuit consists of a device
that provides energy to the charged particles that make up the current, such as a battery or a generator, as
well as equipment that consume current, such as lights, electric motors, or computers, and the
connecting wires or transmission lines. Ohm's law and Kirchhoff's rules are two fundamental laws that
guantitatively define the behaviour of electric circuits.

Switch

Baﬂew : — Bulb

Wire

Fig. 4.1.1 A Simple Electric Circuit
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There are various types of electric circuits.

A direct-current circuit only allows current to travel in one direction. An alternating-current circuit
transports a current that pulsates back and forth numerous times each second.

Aseries circuit is made up of a channel through which the entire current goes through each component. A
parallel circuit has branches that split the current such that just a portion of it passes through each branch.
The voltage (or potential difference) between each branch of a parallel circuit is the same, but the
currents might differ.

In a device such as a radio, the electronic components such as transistors, transformers, capacitors, and
connecting wires form an electric circuit.

Electric Circuit Devices

Electrical circuit devices are critical components of both electrical and electronic circuits. Various devices
can be found in electrical and electronic circuits. The following are some key circuit devices:

e Sources

e Switches

e Connectors

e Circuit Protection Devices
e Loads

Sources: A device that supplies energy into a system is referred to as an electrical energy source. These
devices generate potential differences, causing electric current to flow through a circuit. Typical electrical
sourcesinclude generators, cells, batteries, photovoltaic cells, etc.

Generators: There are two types of electric generators: ACgenerator and DC generator.

AC Generator DC Generator

Fig. 4.1.2 AC and DC Generator

Cellsand Batteries: An electrical cellis a device that can create electricity through chemical processes. As a
result, a cell isalso known as an electrochemical cell. A battery isa combination of electric cells.
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Cell Battery

Fig. 4.1.3 Cell and Batteries

Photovoltaic Cell: A photovoltaic cell, often known as a solar cell, is an electric device that directly
transforms sunlightinto electricity.

1

L g '

Fig. 4.1.4 Photovoltaic Cell

Switches: A switch is a device that is used to connect or disconnect a circuit, i.e. to interrupt the current
flow in a circuit. A switch has two functions: ON (by shutting its connections) and OFF (by opening its

contacts).
Type Switches:

» Single Pole Single Throw (SPST) Switch- This is a simple ON/OFF switch with one input and one output
terminal. It can only switch one circuit.

Fig. 4.1.5 SPST Switch
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Single Pole Double Throw (SPDT) Switch- This switch has three terminals: one input terminal and two
output terminals. This switch serves as a changeover device, connecting the input to two separate
outputs.

O—
-0
O—

Fig. 4.1.6 SPDT Switch

Double Pole Single Throw (DPDT) Switch- This is a four-terminal switch with two input and two output
terminals. It functions as two distinct SPST switches that are both turned on at the same time.

O—
O—

Fig. 4.1.7 DPST Switch

Double Pole Double Throw (DPDT) Switch - It is a six-terminal switch with two input terminals and four
outputterminals.

-0 o—
-0 o—

Fig. 4.1.8 DPDT Switch

Push Button Switches: When the button is pressed, it is a transient contact switch that may make or
break connections. They are classified as usually open (NO) or typically shut (NC) push buttons.
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Fig. 4.1.9 Push Button Switch

Toggle Switches- This switch is manually actuated by a lever.

Fig. 4.1.10 Toggle Switches

Limit Switches- Limit switches are controlled by the presence or absence of items or by the motion of
the machine.

O—

Fig. 4.1.11 Limit Switch

Float Switches- Float switches are activated when the float in the container moves upward or
downward, depending on the fluid level. Limit Switch

oO—

Fig. 4.1.12 Float Switch
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e Pressure Switches- Pressure switches are mostly used in industrial applications to detect pressure in
hydraulic or pneumatic systems.

(@

Fig. 4.1.13 Pressure Switch

« Temperature Switches- Temperature switches are activated when the bimetallic strip bends due to
temperature.

Fig. 4.1.14 Temperature Switch

* Rotary Switches- These switches are used to link one line to many lines, such as fan controllers. These
switches are made up of a moving contact and many stationary contacts.

(@]

g o

o (@]
o O

Fig. 4.1.15 Rotary Switches
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Connectors: Conductor terminal connections are utilised in joint and termination applications.
Conductor connectors are in charge of transmitting current between cables and electrical equipment
such as transformers and switchgears. Types of Conductor Connectors:

Type of Connectors Image

Ring Terminal 3

Flange Terminal

Inline Splice

Fork Terminal i

Wire Nut Connector

Split-Bolt Connector

Table 4.1.1 Types of Connectors
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4.1.3 Circuit Protection Devices

Circuit Protection Devices stop the flow of current by opening the circuit. Fuses and Circuit Breakers are

the most common circuit protection devices.

Fuses: An electrical fuse is a type of electrical safety device that protects an electric circuit against
overcurrent. Its most important component is a metal wire or strip that melts when a significant current

flows throughiit.

e Cartridge Type Fuse - These are fuses that are completely encased in a container and include the fuse

element.

Fig. 4.1.16 Cartridge type fuse

« Kit-Kat Type Fuse - In this type of fuse, the fuse base serves as the input and output terminal and is
constructed of porcelain, while the fuse carrier holds the fuse element (made of tin, copper, lead etc.).

Fig. 4.1.17 Kit-kat type fuse

e Drop OutFuse - The melting of the fuse in these sorts of fuses causes the element to drop under gravity
around its lower support. They are used to safeguard outdoor transformers.

~i

Fig. 4.1.18 Drop-out fuse
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4.1.4 Circuit Breakers

An electric breaker is a type of electrical switch intended to safeguard a circuit from damage caused by
high current due to overload or short circuit. Its primary role is to interrupt current when a defect is

detected by breaking the circuit.
Circuit breakers are classified into several categories.

e Qil Circuit Breaker - The arc extinguishing medium in these circuit breakers is dielectric oil.

Fig. 4.1.19 Oil Circuit Breake

 AirCircuit Breaker - The arc extinguishing medium in air circuit breakers is air.

Fig. 4.1.20 Air Circuit Breaker

e Sulphur hexafluoride (SF6) Circuit Breaker - Sulphur hexafluoride (SF6) is utilised as an arc
extinguishing mediumin these.

Fig. 4.1.21 Sulphur hexafluoride (SF6) Circuit Breaker
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e Vacuum Circuit Breaker - The vacuum is utilised as an arc extinguishing medium in these circuit
breakers.

v-wus(':‘?‘:-mng Glass Enclosure
l Metalic Bellow
1

Fixed Contact

Fig. 4.1.22 Vacuum Circuit Breaker

- 4.1.5 Electrical Load

e Anelectricalloadisadevice that uses electricity. The following sorts of electrical loads are possible:

» Resistive load - A resistive load inhibits the passage of electric currentin a circuit, converting electrical
energyinto heatand light. A resistive load is anything like electric light or a heater.

Fig. 4.1.23 Resistive Load

* Inductive Load - An inductive load transfers electrical energy into a magnetic field in order to do work.
An example of theinductive load is aninduction motor.

Fig. 4.1.24 Inductive Load

» Capacitive Load - In a capacitive load, current precedes voltage. Capacitive loads include capacitor
banks.
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4.1.6 Switchgears

A device that switches, controls, and protects both devices and circuits is called Switch Gear. This is
concerned with switching and stopping currents under various operating circumstances, such as normal
or abnormal. It is a configuration of electrical disconnect switches, circuit breakers, and fuses used in an
electric power system to safeguard, regulate, and isolate electrical devices.

Fig. 4.1.25 Switch Gears

A switchgear is made up of switching and protection devices such as circuit breakers, regulating panels,
fuses, potential transformers, isolators, switches, current transformers, lightning arrestors, and other
similar gadgets.

Functions of Switchgear

Protects equipment from faults and short-circuits
e Increasesthe availability of the system by permitting more than one loading source
 Isolatescircuits belonging to the power supplies

e Opensandcloses electrical circuits under both normal and abnormal conditions.

4.1.7 Indicating Instruments

ndicating instruments are those that show the amount of an electrical quantity as it is being measured.
Their indicators are provided by a moving pointer over a calibrated dial. Indicating instruments include
ammeters and voltmeters.

Ammeter

An ammeter is a device that measures direct or alternating electric current in amperes. An ammeter can
measure a wide range of current values because, at high levels, only a tiny amount of the current is routed
viathe meter mechanism; the majorityis carried by a shunt connected in parallel with the meter.
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Fig. 4.1.26 Ammeter

The working principles and accuracy of different ammeters differ. Different types of Ammeters are:
e The D'Arsonval-movement ammeter monitors direct current with 0.1 to 2.0 per cent accuracy

e The electrodynamic ammeter makes use of a moving coil that rotates in the field created by a
stationary coil. It measures direct and alternating current with 0.1to 0.25 per cent accuracy.

The measured current warms a thermoconverter (thermocouple) in the thermal ammeter, which is used
to power a millivolt meter and is used to measure alternating current with accuracies ranging from0.5to 3
percent

Digital ammeters, which have no moving components, employ a circuit called a dual-slope integrator to
convert analogue (continuous) current to its digital counterpart. The accuracy of many digital ammetersis
betterthan 0.1 percent.

Volt Meter

A voltmeter, often known as a voltage metre, is a device that measures the potential difference, or
voltage, between two points in an electrical or electronic circuit. Some voltmeters are built for direct
current (DC) circuits, while others are for alternating current (AC) circuits. Radio frequency (RF) voltage
may be measured using specialised voltmeters.

a | o

Fig. 4.1.27 VoIt Meter
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A simple analogue voltmeter is made up of a sensitive galvanometer (current metre) connected in series
with high resistance. A voltmeter's internal resistance must be high. Otherwise, it will consume a
substantial amount of current and disrupt the operation of the circuit under test. The range of voltages
that the metre can show is determined by the sensitivity of the galvanometer and the magnitude of the
seriesresistance.

A digital voltmeter displays voltage as numbers. Some of these metres can calculate voltage readings to
multiple decimal places. Maximum ranges for practical laboratory voltmeters range from 1000 to 3000
volts (V). Most commercially available voltmeters have several scales that increase in powers of ten, such
as0-1V,0-10V,0-100V, and 0-1000 V.

Power Factor

Fig. 4.1.28 Power Factor Meter

A power factor meter is a device that monitors the power factor of a transmission system. A load's (or a
circuit's) power factor (P.F) is defined as the "cosine of the phase angle" between voltage and current. Itis
also equivalent to the proportion of true power to apparent power. i.e.

True power W
Apparent power  V.A

PF.=cos¢=

As the true power can be measured by a wattmeter and apparent power can be obtained by the product
of voltage and current, the P.F. can be calculated by connecting a watt meter, voltmeter and an ammeter.
P.F meters are of two types: Dynamometer type and Movingiron type.

Kilowatts Meter

Fig. 4.1.29 Kilowatts Meter
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Kilowatts or kWh metres are small electronic monitoring devices that measure the amount of energy
consumed as it flows through a circuit, such as a normal 120V or 240V line, and serve as a kWh calculator.
The meter is connected to the circuit delivering the power, such as the main panel or distribution sub
panel,and accumulates a totalized reading that accounts for the consumption passing through. The entire
power in kilowatts utilized over a period of time is represented by the cumulative number, which gives the
energy in kilowatt-hours.

- 4.1.8 Power and Control Circuits

Power Circuit: A power circuit is any circuit that transports electricity that activates a load. This may
appear to be a simple concept, but it is critical to distinguish between power and control circuits since
they perform different functions

A power circuit is illustrated with an outlet for the source, two wires for the path, a switch for the control
device, and a motor for a load. When the switch is closed, electrons travel via the route and directly into
the motor windings, causing the motortorun.

Control Circuit: A control circuit is a sort of circuit that is used to regulate the operation of a completely
independent power circuit. Consider a huge industrial motor with 1,000 horsepower running a water
pump. The motoris powered by a 2,400-volt high-voltage power source.

When this motor is turned on, it must draw enough current to move the water, and it is customary for a
motor to draw around six times its regular working current for a short amount of time. A control circuit
ensures that the motor starts and stops safely for both the user and the equipment.

- 4.1.9 Load Management System

Load management, often known as demand-side management (DSM), is the technique of balancing the
energy supply on the network with the electrical load by altering or managing the load rather than the
power station output. This can be accomplished by direct involvement of the utility in real-time, using
frequency-sensitive relays activating circuit breakers (ripple control), time clocks, or using specific rates to
influence consumer behaviour. Load management enables utilities to lower the demand for electricity
during peak consumption times (peak shaving), which can save costs by removing the need for peaking
power units. Furthermore, some peaking power plants might take more than an hour to come online,
making load management even more crucial if, for example, a plant goes offline suddenly. Finally, because
peaking facilities or backup generators are frequently dirtier and less efficient than base load power
plants, load management can also assist in minimising harmful emissions.

Connected Load: The connected load is the total of the continuous ratings of all the equipment connected
to the supply system. In other words, the connected load is the total of all the nameplate ratings of the
equipmentinthe consumerinstallation.
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Load Factor

The Load Factor, which is used in electrical engineering, is calculated as the average load divided by the
maximum (or peak) load for a specific period of time. To put it another way, the load factor is the
proportion of total energy (kWh) consumed over a given time period to the total energy that could have
been made available during that time (i.e. peak demand over that specific time period). You can compute
the load factor on a daily, monthly, or annual basis.

The utilisation rate is calculated using the load factor (means the efficiency of usage of electrical energy).
The load factor's value is never more than one because the maximum demand will never exceed the
average load.

Calculation of Load Factor

The load factor is determined by multiplying the total amount of electrical energy consumed during a
certain time period (kWh) by the product of the greatest demand (kW) and the number of hours during
that time period.

« Daily Load Factor=Total kWh 24 Hours of the day/Peak Load in kW X 24Hr
» Monthly Load Factor = Total kWh a month/Peak Load in kW X 720Hr
e Annual Load Factor = Total kWh a year/Peak Load in kW X 8760Hr

Any time period can be used to calculate the load factor. It is typically computed on a daily, weekly,
monthly, orannual basis. The load factor is displayed in the equations below for various times.

- 4.1.10 Electrical Control Systems with AutoCAD Electrical Toolset -

AutoCAD is primarily developed for technical drawings in the instrumentation and electrical fields. The
electrical CAD drawings produced by the AutoCAD program are of the highest quality and precision. The
purpose of such designs is to modify electrical systems. AutoCAD is an excellent tool for producing panel
layouts, electrical meanings, and line diagrams.

The following are some of the advantages of utilising AutoCAD in electrical drawings:
e Theability to design personalised symbols
e Wire-numberinginstruments
» Toolsformanaging title blocks
¢ Bill of materials creation and report generation
e Standard blocksin aninteractiveicon menu (IEEE, JIC, IEC standard symbols)
e Thereareupto2millionpiecesinthe collection.
e Itissimpletoinclude additional componentsintoit.
* Personalized namingscheme

e Hydraulic, pneumatic, and P&ID systems are all available in the library.

— B
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Designing Panel with AutoCAD
Panel Layouts

Panel symbols can be added using a list of schematic components or the panel icon menu. Add
nameplates, item numbers, and balloons as desired. Terminal Strip Editor is a tool for managing terminal
strips.

Drawing Properties

A few drawing characteristics are unique to panel layouts. These characteristics may be defined on a
drawing or set up on a drawing template at any moment. Set the initial item number, item balloon
parameters such as shape and text size, footprint layers, and more with the Panel Configuration

command.

e [ss] O (e
[ Aociy to ol balsans in active dewing
Dot Spcrefor Foctpnt insed M;fhiw
] o ]S D
Aitrbute templale inses
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Fig. 4.1.30 Panel Drawing Configuration and Defaults

Insert from Schematic List

If the schematic drawings are created first, create panel layouts by selecting from a list of schematic
component:%Find

‘Schematic Companents (active peoject])
Select Schematic components 1o insert on Panel:
x Tag Agsambly Description 1.2.3
- PLCSO2 AB1TTHAD RACK 00 SLOT 1 120V NPUTS ;_1
- PLCBIZ AB. 17THAD RACK 00 5LOT 3 120V PUTS I
- PLOBZ AB1TTHAD RACK 0 5L0T 4 120V INPUTS
- PLCTZ2 AB1TTOAD RACK 00 SLOT & 120V QUTPUTS
- DsA7 . FLOOR AB. 134E-A25-1753
. osm _FLOOR AB. 13464251753
. psas _FLODR AB. 1945,426.1753
- MOTZHE . FLOOR AB. 1325R5-ZAD0S1BVNH CONVEYOR MOTOR
. MOTZIZ  _FLDOR AB. VIZ55-ZADOS1EVIH HYDRAULIC MOTOR
. MOTZIE  _FLOOR AE. 13255 ZADCS18VNH INDEXING MOTOR
- PIO7 . FLOOR HUBBELL MRMS22425
- RN . FLOOR HUBBELL. MRMSZ2425
BT _FLOOR HUBBELL MAMSZ242%
- FSE08 . MACHINE TUB INLET TO MEATER FLOW NOT LOW (TRIP) -
Display Catnog Check. | 1000 Footpart scale
s e
(2 Hde Exiing

7] Ml Catog 11

Automate footpnrt lookp
T R A Y — )

[ om ] [T

Fig. 4.1.31 List of Schematic Components
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e AutoCAD Electrical locates the right panel footprint by using the catalogue assignment on the

schematiccomponent.

Nz

PN

Catalog Data
Marwfoctrer  [AB |
Catsog  [B0OHPRIGR |
pssemty [ ]
tem [ |Coumt [ ]
| She> IR

[ Lockup | | Previous
| Drwing | [ Priest |

[ Catalog Check ]

Fig. 4.1.32 Catalog Data

« Ifafootprint sign cannot be identified, search for one or draw one on the fly. AutoCAD Electrical adds
any necessary intelligence so that it is recognised as a panel sign. This method allows you to get panel
symbols from suppliersand use them in AutoCAD Electrical.

e Thedialogue box reveals which schematic components are already present on a panel layout.

ot Schematic components o inset on Panel:
Irestalation Location  Marwfacturer Catalog Assembly Deescription 1.2 7

. MCARS 50D, 3580F PRIMARY 4807

. MCAES 500, 3500F PRIMARY 480
LOPSTA3 EATOM, EGH3015FFG OPSTAZOUTLE
JOPSTA3 AB, B0OH-PRIER POWER ON
JOPSTA AD, BOH-PRIER SAFETY OHAY
JOPSTA3 AR, BOOH-PRIER FLAM 00 O%AY
LOPSTA3 AB, BOOH-PRIER FRAM 02 ORAY
.OPSTAY AB, B0OH-PRIER FLAM D3 OKAY
LOPSTA3 AB, B00H-PRIEG CONVEYOR FL!
JOPSTA3 AB, B0OH-PR1EG HYDRALLIC R
JOPSTA3 AB, BIHFPRIEG INDEXING RUN!
.OPSTA3 AB. BOOTLI0H PURGE COMPL
JOPSTAS AR, BOOT-010H PURGE ON

[ sim ] Owr [Ccamgmes | 100
|

Fig. 4.1.33 Schematic Components

e The panelfootprint receives all values from the schematic component. If one of them is modified later,

the other will be updated.
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Panellcon Menu

Insert panel footprints using the Panel Icon Menu for panel components not displayed on the schematic.

Find @

I =

Recently Used

[ Fe——
[0 e dkog Scale schematic: 1000 Tipet: B 1] s dhsplay sreviously used men
[INatag Sclapansl: 1000 ok ) [ Comn | [ mee ]

Fig. 4.1.34 Panel Layout Symbols

» Selectacatalogue value and insert the footprint associated with that value when inserting a footprint
from the icon menu. If no panel symbol is connected with that library, look for one or design one on
thefly.

Nameplates

Use the panelicon menutoinsertanameplate.

Fig. 4.1.35 Inserting Panel Nameplates

e When placing a nameplate, one may correlate it with a panel footprint. Values from the footprint,
such as Tag, installation, location, and descriptions, are duplicated. However, one may add a unique
item number and catalogue value to the nameplate.
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Fig. 4.1.36 Edit Panel Nameplates

Item Numbers

Panel and schematic symbols can both have item numbers applied to them when a catalogue value is
assigned to a component, the software checks to see if the same catalogue value is allocated to another
component. If it is, the item number is automatically assigned. If the item number is not automatically
assigned, it can be changed while editing the component. One may also use the Re-sequence Item
Numbers command to allocate them to the whole project.

include leading zeros f desired.

St [ ]
[ Process blank items only
Manufacturers to process

[¥] Process al

% = Process this manufacturer -
[x AB -
= ANIXTER '
x  AUTOMATIONDIRECT
x  BUSSMANN
x EATON
x HUBBELL

x M3

= PHOEMNIX CONTACT |
x_SIEMENS i

[ | [ Remove |

[ Move up ] Move down ]

[0k ] [ Cael | [ Hep |

Fig. 4.1.37 Resequence Item Number
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The panel components are handled first, followed by the schematic components. Components with the
same catalogue assignment are assigned the same item number.

Afew project parameters influence item numbering. Before resequencing the item numbers, ensure that
these attributes are adjusted to your specifications.

Praject Propeties
| Projoct Sefinga | Components | Wi Numbers | Cross-Flsfermnces | Siyies | Drawing Fomat
Progect:  CLsers'mumenp'\ Documents\AeadE 201 MAe Dista'orod\Dema wddemo win
Component TAG Format
@mﬁ:ﬂﬂ:
RN ©) Sequeantil: 1
7 Seawchdior PLC L0 address o insedt @ L Raference

Ca-pmld TAG Opbions

NIRRT PR SO .
| Thern Mumbers are shiays processed aeross the enftine project
Taem Assignentnts
1@ Per-Component Bass
12) PerPart Number Basis {exduding ASSYCODE Combinations)

1| o | [ concd | [ ree |
— —
Chontabers. ] |
Lok J[ Cocel || heo |

Fig. 4.1.38 Item Numbering Setup

Item Balloons

Once an item number has been assigned to a component, a balloon may be placed to make the item

number visible.

Take note of the instructions at the command prompt. If the selected component contains several
catalogue values with item numbers, you may choose which way to position the extra balloons.
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Fig. 4.1.39 Item Balloons

Terminal Strip Editor

The Terminal Strip Editor allows handling the whole terminal strips rather than just one terminal. The
editor provides data on catalogue values, connected components, connected wires, wire numbers, and

other topics.

Brumin Tawaw qmr Prewwe s [ Badas
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Fig. 4.1.40 Terminal Strip Editor

Use Terminal Strip Editor to:
e Resequenceterminals numbers
e Reorderterminalsinthe strip
* Addoredit catalogue assignments and terminal block properties
e Addsparesand accessories (requires inserting the graphical terminal strip layout)
e Add, edit,and remove jumpers between terminals

» Define connected components as internal or external
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e Insertagraphical terminal strip layout

Insertatabularterminal strip
e Insertajumperchart
e Createaterminalstrip

Panel terminals and schematic terminals are included in the list of terminals displayed in a strip. If the
editor inserts both a schematic representation and a panel terminal for aterminal, itis only shown oncein
the editor. Any modifications are applied to both representations.

Using the Layout Preview tab, Insert the terminal strip after selecting the type and annotation style. Use
the preview to ensure that everythingis set up correctly.
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Fig. 4.1.41 Inserting Terminal Strip

¢ One may also use the Terminal Strip Table Generator to insert tabular terminal strips for one or more

strips.
(A emmisvp e =
Terminal Strip Selaction Tabular Layout
Instaliation | Location | Terminal Strip| Quantity Table Setings
Table Stye: e
[AcEmCH v [Bowse. | pnr
| Defne Columns_.. | | Fow Siyes... | List:
1BOX1 58 3 0 [Temna D@D )
 — —
Total Rows: 66
Number of Fows Per Section: A
Humber of Sections: 5
Number of Sections Per Deawing: A
Number of Drawings: 5
Settings. ..
[(Browse... | [Savers.. | [ Defmr |
@ Insert
) Rbuid
() Redresh
| 0K ] Cancel | Help

Fig. 4.1.42 Terminal Strip Table Generator
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— Exercise

N

1. DefineElectrical Circuits. Name a few electrical circuit devices.
2. Whatdoyou understand by an Electrical Panel?
3. Explainindetail any two indicating instruments.

4. What are power and control circuits?
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— Notes

Scan the QR Code to watch the related videos
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Electrical Panel Circuit Protection

reui Electrical Load
Devices Circuit Breakers
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https://youtu.be/oCBI
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Switchgears
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— Key Learning Outcomes | §¥

10.
11.
12.
13.

By the end of this module, participants will be able to:

Explain the basic functions of electrical components.

Explain the function of different types of electrical components, transmitters and sensors used in
industrial applications.

Explain different types of position sensors and their applications.

Explain the working principle and selection criteria for a flow measurement device.
Explain the working principle and selection criteria for a pressure measurement device.
Explain the working principle of load cells and the load measurement process.

Explain the working principle and selection criteria for alevel measurement device

Explain the working principle of solenoid valves, control valves, smart transmitters and instrument
transformers such as Current Transformer (CT) and Voltage Transformer (VT).

Explain the functions of closed and open-loop controls.

Describe the process control basics and process controllers (on-off, proportional, PID).

Explain how to identify the changein light intensity using a photo-electric sensor.

Explain how to estimate the flow measurement, its working principle, types and selection guidelines.

Explain how to measure the linear, nonlinear, mass or volumetric flow rate of a liquid or gas using a
flow sensor.

. Explain different types of sensors used in flow and load measurement.
15.
16.
17.
18.

Explain how to measure pressure by using various pressure measurement devices.
Explain how to measure the load parameters using load cells.
Explainthe functions of the smart transmitters.

Explain the technique to be used to protect the power system through instrument transformers (CT,
V).
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By the end of this unit, participants will be able to:
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10.
11.
12.
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14.
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16.
17.
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Explain the basic functions of electrical components.

Explain the function of different types of electrical components, transmitters and sensors used in
industrial applications.

Explain different types of position sensors and their applications.

Explain the working principle and selection criteria for a flow measurement device.
Explain the working principle and selection criteria for a pressure measurement device.
Explain the working principle of load cells and the load measurement process.

Explain the working principle and selection criteria for a level measurement device

Explain the working principle of solenoid valves, control valves, smart transmitters and instrument
transformers such as Current Transformer (CT) and Voltage Transformer (VT).

Explain the functions of closed and open-loop controls.

Describe the process control basics and process controllers (on-off, proportional, PID).

Explain how to identify the changein light intensity using a photo-electric sensor.

Explain how to estimate the flow measurement, its working principle, types and selection guidelines.

Explain how to measure the linear, nonlinear, mass or volumetric flow rate of a liquid or gas using a
flow sensor.

Explain different types of sensors used in flow and load measurement.

Explain how to measure pressure by using various pressure measurement devices.
Explain how to measure the load parameters using load cells.

Explain the functions of the smart transmitters.

Explain the technique to be used to protect the power system through instrument transformers (CT,
VT).

5.1.1 Process Instrumentation

Process Instrumentation is a collective term for sensors incorporated into measuring instruments used
for indicating, measuring and recording physical quantities. Forming the basis of process control,
instruments continue to improve their capability, repeatability, accuracy, reliability and cost.

Process Control: Process control refers to the procedures used to keep the output of process variables like
temperature, pressure, flow, or level within a certain range. In industrial contexts, precise management of
these variables is crucial since it improves product quality while enabling automation, allowing fewer
personnel to monitor and operate complicated operations from a single location.
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The foundation for process control is instrumentation. It gives the operator numerous indicators for
regulating the process. Instrumentation is employed in nearly every industrial process and power
generation system where consistent and reliable functioning is required. Instrumentation allows one to
monitor, record, and regulate a processin order to keep itin the intended condition.

The first stage in any process control is, of course, measurement. What cannot be measured cannot be
controlled. The most often measured parameters are pressure, flow rate and level.

Process Controllers: Process controllers keep process variables like temperature, pressure, flow, or level
within a predefined range. They employ sensor feedback to detect deviations from a setpoint and
automatically modify output until the parameters are back within range. This tight control increases
quality control while also allowing for the automation of complicated procedures. This increases
efficiency and safety without requiring more manpower.

Types of Control Action

Process controllers, depending on the unit, can provide many methods of control that are appropriate for
various applications and process variables.

ON-OFF Control: The most basic sort of control is on-off control, often known as hysteresis control. On-off
controllers, as predicted, transition suddenly between two states with no intermediate state. They are
intended for use with equipment that takes binary input, such as a furnace that can only be turned on or
off.

When the set point is reached, the output of an on-off controller is switched. In the instance of heating
control, the controller turns on when the temperature falls below the set point and off when it rises over
the set point. Hysteresis, or on-off differential, is introduced to the controller operations to avoid fast
cycling of the system, which can cause damage. The difference avoids cycling by slightly exceeding the set
point before the controller turns on or off.

On-off controllers are commonly employed in applications that do not require precise control, in systems
that cannot withstand having energy turned on and off frequently, and in systems with such a large mass
that temperatures change relatively slowly.

PID Control: To help the controller's algorithms give a more precise reaction to deviations from the set
point, PID control employs three separate control terms: proportional (P), integral (1), and derivative (D).

When a controller gets information indicating that a process variable has deviated from its set point,
instructions are given to the final control element for rectification. For example, if a controller gets a signal
from athermocouple indicating that a process temperature is too low, the controller will activate a heater
to bring it up totemperature.

PID controllers employ the algorithm developed from its three control terms to ensure system stability by
reducing overshoot and resultant oscillation. The proportional variable regulates the pace of correction
such thatitis proportionate to the mistake. The integral and derivative variables are time-based and assist
the controller in automatically compensating for changes in the system. The derivative variable considers
the pace at which the error is rising or decreasing, whereas the integral variable applies knowledge of
cumulative errors to the amount of time the process is not at the fixed point. This data is needed to adjust
the proportionate value.
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PID controllers are often regarded as the most efficient controller type. They are commonly seen in
industrial environments. PID controllers give exceptionally accurate and reliable control despite the fact
that each variable must be tailored to a specific system.

Profile Control: Controlling a changing process variable against time is referred to as profile control. Users
enter the required time and process profile using a broad instruction set that includes jump, loop, loop
with count, ramp, and soak control.

Profile control is particularly beneficial for cycle applications that require numerous temperature profiles
as well as precise on and off times.

Limit Control: Limit control entails a separate switch that shuts down the system if a process variable
exceeds a predetermined threshold. Limit controllers are used in operations where a process variable
must be kept within defined tolerance limits for safety or quality reasons.

Limit controllers are intended to function in tandem with another controller. To accept that the limit relay
has beentriggered, these machines also require a manual rest.

5.1.2 Control System

A control system is a group of devices that controls, commands, or regulates the behaviour of other
devices or systems in order to achieve a certain goal. Control loops, which are processes meant to keep a
process variable at a specified set point, are how a control system does this.

In daily life, examples of control systems include an air conditioner, a refrigerator, an air conditioner, a
bathroom toilet tank, an automated iron, and various procedures within a car, such as a cruise control.

Control systems may be found in a variety of industrial situations, including product quality control,
weapons systems, transportation systems, power systems, space technologies, robots, and much more.

Types of Control System

The two main types of control systems are:
e Open Loop Control Systems
¢ Closed-Loop Control Systems

Open Loop Control System: An open-loop control system is one in which the control action is completely
independent of the output of the system. An open-loop control system is also a manual control system.

Input

Fig. 5.1.1 Open-loop control system
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Examples of Open-loop control systems:

e Electric Hand Drier - Regardless of how much the hand is dried, hot air (output) flows out as long as
one keeps their hand beneath the machine.

e Automatic washing machine - This machine operates according to a pre-set time, whether or not the
washingis done.

e Bread Toaster - This machine operates according to the time set, whether or not toasting is
completed.

Closed-Loop Control System: A closed-loop control system is one in which the output influences the input
guantity in such a way that the input quantity adjusts itself based on the output created. An open-loop
control system can become a closed-loop control system by providing feedback. Due to external
disturbances, this feedback automatically modifies the output. A closed-loop control system is hence
referred to as an automated control system.

Fig. 5.1.2 Closed-loop control system

Examples of Closed-loop control system
e Theoutputtemperature of the iron controls the heating componentsin an automatic electriciron.
« Servo Voltage Stabilizer- Avoltage controller acts in response to the system's output voltage.

» Water Level Controller - The reservoir's water level controls the input water.
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5.1.3 Flow Measurement Device

A flow measurement device is used to determine the volume or mass of a gas or liquid. Flow metres are
known by a variety of names, including flow gauge, flow indicator, liquid metre, flow rate sensor, and so
on.

The flow metre measures the amount of gas or liquid that flows around the gadget. These gadgets achieve
the same aim in various ways. They provide reliable and precise flow measurements for a variety of
applications such as semiconductor production and process control.

This metre can compute either mass or volume. The liquid flow in the pipe can be equal to the cross-
sectional area inside a metre and the velocity of the liquid flow (Q = A * v). The flow of mass can be
calculated by using this formula like = Q[]p (Q=the flow rate of liquid & p is the density of the fluid)

In many circumstances, the flow of mass is the most important factor, notably in the sale and purchase of
gases, chemical processes, combustion, and so on.

The following flow quantities must be measured: -
e Theactual fluid velocity at a given point (measured in metres per second).
¢ Theflowvolume rate (measured in metres cubed per minute).
e Therate of massflow (measuredinkilograms per second).

Types of Flow Measurement Devices/ Flowmeters

There are two types of flowmeters that are used widely in industries:

* Volumetric Flowmeters: Volumetric flow metres measure the amount of fluid that passes through a
specified spot in a certain amount of time. Volumetric flow metres produce an immediate analog,
digital, or pulse output of the liquid or gas's volumetric flow rate. Volumetric Flowmeters are
classified into the following categories: Differential Head type, Venturi meters, Orifice plates,
Annubar, Electromagnetic flowmeters, Differential Area type (Rotameters), Ultrasonic flowmeters,
Vortex flowmeters, Turbine flowmeters, Positive Displacement Meters

e Mass Flowmeters: Mass flowmeters measure the fluid mass flow rate through a tube per unit of
time. There are two types of mass flowmeters: Thermal mass flowmeters and Coriolis mass
flowmeters.

Working Principle of Flow Measurement Devices

Mass flow transmitters calculate the mass flow of any fluid passing through a tube at a given time. In brief,
it does not measure the volume per unit time (e.g., cubic metres per second) that flows through the tube
but rather the mass per unit volume (e.g., kilogrammes per second).

The volumetric flow rate is the mass flow rate divided by the fluid density. Variables such as pressure,
temperature, and composition all affect fluid density. The fluid may have a mixture of phases, such as a
fluid with bubbles.
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Flow Sensors

Flow sensors are a type of equipment that measures the flow rate of a gas, such as air, oraliquid, via a pipe
or conduit. Flow measurement s critical for the management of various industrial processes as well as the
operation of machines at peak performance and efficiency. Flow sensors are used in automobiles to
monitor air intake to the engine and alter fuel supply to fuel injectors to get the correct fuel mixture to the
engine. Flow sensors are used by medical ventilators to determine the proper rate of supply of air or
oxygen to patients for respiratory aid.

Types of Flow Sensors

The different types of flow sensors are:
e Positive displacement flow sensors
e Massflowsensors
* Velocity flow sensors

Application of Flow Measurement Devices
e Water Distribution Networks
e Water Leakage
¢ Wastewater Treatment
e Sludge Monitoring
¢ Methanol Measurement
e Aeration Process

e Biogas Measurementand many more

- 5.1.4 Pressure Measurement Device

Pressure isa measure of the force exerted over a unit area. Pressure in its many formsisinvolved in a large
amount of all industrial measurements. Flow, for example, is frequently quantified by calculating the
pressure difference between two sites in a system.
Types of Pressure:

e Atmospheric Pressure

e Absolute Pressure

e GaugePressure

e Vacuum Pressure

e Staticand DynamicPressure
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Measurement of Pressure

Many devices for measuring pressure have been developed, each with its benefits and limitations.
Pressure range, sensitivity, dynamic response, and cost all vary by orders of magnitude amongst sensor
designs. The liquid column manometer (a vertical tube filled with mercury) is the earliest kind.

Types of Pressure Sensors

Pressure sensors are classified based on how they detect pressure changes. Sensors can detect and
quantify a variety of physical responses. The following are some of the most important types of pressure
sensors:

e Strain Gauge
* Piezoelectric
e Capacitive
* Manometers
e Vacuum pressure
* BourdonTube
e Aneroid Barometer
Application of Pressure Sensors
* Pipeline or HydraulicHose Pressure
» Electronic Transmitter set norms
e LowtoHighVacuum Pressure
» Energyconservation applications
e Technology Industry Applications

e Manufacturing Applications

— 5.1.5 Level Measurement

The basic concept of level measurement is the linear distance between the top surface of a liquid or solid
and a predefined reference point, such as in a tank. In industrial operations, many types of level
measuring instrumentation equipment are employed.

Level sensors are simple level indicators that monitor the amount of liquid or solid in operation. These
levels can be communicated to a central computer for historical tracking and utilised in process
automation and control.
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Level switches are sensors that provide an electrical signal when a certain liquid, powder, or bulk level is
reached.

Level transmitters are sensors that send an electrical signal to a remote recording site after measuring the
level of a liquid, powder, or solid. Level measurement transmitters are utilised in a variety of applications
where level measurement within containers or tanks is required. Material handling, power, chemical, and
water treatment sectors frequently use these transmitters.

Working Principle of Level Measurement Device

The working principle of the level transmitters differs depending on their underlying principle. In order to
estimate the level, for instance, capacitance level transmitters utilise a capacitor; hydrostatic level
transmitters use the fluid's pressure inside a storage container to do so; ultrasonic level transmitters use
the distance an ultrasonic wave travels to do so; and so forth. All of these level transmitters, however,
measure the level in one of three ways:

e Theliquid's weight
e Thefluid's pressure head

e Thefluid'slocationin a container

Level Measurement Methods
Dependingonthe application's needs, level instrumentation provides several measuring techniques.

e Capacitive

e Conductive

e Electromechanical

* Floatswitch

e Freespaceradar

e Guidedwaveradar

» Hydrostatic

e Microwave barrier

« Paddle

* Piezoresistive

e Pressuredifferential

e Radiometric

* Servo

* Ultrasonic

e Vibronic
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5.1.6 Load Measurement

Load Cells: A load cell or a load sensor is a type of force transducer. It converts a force—such as tension,
compression, pressure, or torque—into a measurable electrical signal. As the force applied to the load
cell rises, so does the electrical signal. Strain gauges, pneumatic, and hydraulic load cells are the most
frequent types of load cells utilized.

Load cells are one type of equipment used to measure weight. They can measure objects as small as a
needle and as large as large drilling machines. Load cells may be found anywhere, evenin the local grocery
shop, to weigh the purchases; however, they are located within the equipment. Load cell sensors are
always connected with elastic material, known as strain gauges.

Application of Load Cells
Load cells have applicationsin geotechnical engineering and are typically used to monitor:
e Tocalculatetheloadinrock bolts, tiebacks, foundation anchors, cables, or struts.
¢ Prooftestingandlong-term performance monitoring of several types of anchor systems

e Compressive load measurement between structural components, such as tunnel supports or the
junction of abeam and the top of a pile strut.

e Correlating data from borehole extensometers isa common use.

¢ Loaddeterminationin experimental research, pile testing, and rock thrust measuring
e Measurement of the compressive load between structural components.

e Compressive load and axial forcesin struts are measured.

e Loadtestinginheaps.

e Determination of roof convergence in underground mines.

Working Principle of a Load Cell

The load cell principle necessitates the employment of several geotechnical instruments. It cannot
function without the assistance of sensors, one of which is a strain gauge.

Strain gauges are thin elastic stainless steel materials that are attached to load cells using proprietary
adhesives. The resistance of the strain gauge is directly proportional to its length and breadth.

When one applies a force to the load cell, it bends or stretches, causing the strain gauge to move along
with it. And, when the strain gauge's length and cross-section vary, its electrical resistivity changes,
causing the output voltage to fluctuate.

Load Measurement Process

e Ensure that connections are proper and the electronic display reports gentle pressure at the
cantilever

e Adjust ‘0.0’ reading on display with empty pan hooked

e Measure bridge excitationon DMM

e Observe bridge outputon DMM

e Place calibration weightina panand observe the display reading
e Keeponaddingthe weightsandrecord the reading

e Reversethe procedure by removing the weights one by one
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— 5.1.7 Electronic Components

Electronic components are the elements of the circuit that help in its functioning. They can be classified
into two types, i.e. Active Components and Passive Components. Active components include transistors,
batteries, etc., while passive componentsinclude transformers, inductors, resistors, capacitors, etc.

The electronic components and their functions are:

1. Resistors: In an integrated circuit, a resistor is one of the components that will be encountered. The
gadget, as its name implies, opposes current flow. Power ratings (the amount of power they can
withstand without exploding) and resistance values are used to grade resistors (capacity to resist
current). Ohms are the units used to measure resistance. The unit’s electrical symbol is O.

| |
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Fig. 2.2.5. Resistors
2. Capacitors: These components have the ability to temporarily store electric charge. The components
come in a variety of shapes and sizes, with electrolytic and ceramic discs being the most popular. A

component’s capacity is commonly expressed in microfarads (ApF).

Fig. 2.2.6. Capacitor

3. Diodes: Electric current can only travel in one way through diodes. The anode and cathode are the two
terminals of each diode. When the anode is charged with a positive voltage and the cathode is charged
with a negative voltage, an electric current can flow. The current will not flow if these voltages are

reversed.
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Fig. 2.2.7. Diode

4. Transistors: The three terminals on these components make them easier to spot. Voltage must be
provided to one of the components, the base terminal, in order for it to function. The current flow in
the two additional terminals can then be controlled by the base (the emitter and collector).

Fig. 2.2.8. Transistors

5. Inductors: These are energy-storing components that take the shape of a magneticfield. Aninductoris
basically a coil of wire coiled around a core of some sort. A magnet or air might be used as the core. A
magnetic field is formed around the inductor as electricity passes through it. If a magnet is employed as

the core, the magneticfieldis greater.
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Fig. 2.2.9. Inductors

6. Integrated Circuits: An integrated circuit is a particular device containing all electronic circuit
components. Diodes, transistors, and other devices are all etched on this component’s small piece of
silicon. Many electrical gadgets, like watches and computers, employ the components.

Fig. 2.2.10. Integrated Circuits

7. Microcontrollers: Microcontrollers are tiny computers that control a wide range of devices, including
power tools, remote controls, medical equipment, and office machinery.

Fig. 2.2.11. Microcontrollers




Mechatronics Designer
and System Integrator

8. Transformers: Transformers are regularly used to step up or down power and are made up of two coils
of wire.

Fig. 2.2.12. Transformers

9. Batteries: Chemical energy is converted to electrical energy by batteries. Anode (+) and cathode (-) are
thetwo typesof cellsin a battery (-).

Fig. 2.2.13. Batteries

10. Fuses: Fuses protect components from overheating due to excessive current. A fuse comprises a
connecting body, support, contacts, and a zinc or copper-based metal fuse material.

Fig. 2.2.14. Fuse
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11. Relays: These electromechanical switches turn on and off the electricity. An electromagnet, an
armature, a set of electrical connections, and a spring make up a relay.

Fig. 2.2.15. Relays

12. Switches: The current is interrupted by switches. Single pole single throw (SPST), double pole single
throw (DPST), single pole double throw (SPDT), and double pole double throw (DPDT) are the four
types of switches (DPDT).

Fig. 2.2.16. Switches

13. Motors: Electrical energy is converted into mechanical energy by motors. A rotor, bearings, stator,
conduit box, enclosure, and eye bolt are allimportant components.

Fig. 2.2.17. Motors
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14. Circuit Breakers: A circuit breaker can be operated using a remote switch as a safety precaution. Its
purpose isto prevent the circuit from being overloaded or short-circuited.

Fig. 2.2.18. Circuit Breakers
Semiconductor

A semiconductor is a material with an electrical resistance that is halfway between that of metals and
insulators, allowing it to “semi”-conduct electricity. Because we can regulate the flow of electrons in this
material, such as with a regulating current, semiconductors are employed in many electrical circuits.

Semiconductors are also employed for a variety of other purposes. In actuality, a solar cell is made up of
light-sensitive semiconductors. The quantity of light energy that strikes the semiconductors determines
how much electrical current is created by the solar cells’ semiconductors.

5.1.8 Transmitters

A transmitter is a device used in the field of process control that transforms the signal generated by a
sensor into a common instrumentation signal that represents a process variable being measured and
controlled.

Physical Sensor/

: : Controller
Variable Transducer

Fig. 5.1.17 Process control by Transmitters
Types of Transmitters

Transmitters can be segregated into several types depending on the process application. Broadly,
transmitters are divided into three groups —type, signal production, and process instrumentation

Transmitters which are used for process instrumentation are:

Flow: Flow transmitters provide measurements of the flow of liquid or fluid. This particular transmitter
typeis acombined transmitter and flow sensor. This enables it to provide outputs of up to 20 mA. Different
technologies are used in the design of flow transmitters, such as velocity, differential pressure, and
ultrasonicflow sensors.
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Temperature: The temperature transmitter calculates temperature in different processes. Temperature
transmitters include a transmitter and a temperature sensor built into their construction. In order to
calculate the temperature and produce an output signal, the transmitters receive a signal from the sensor
and calculate it. Temperature transmitters are of two types:

Thermocouple Type: It calculates temperature by measuring the electromotive force that is generated by
achangein process temperature.

RTD Type: This temperature transmitter uses RTD sensors, whose electrical resistance alters as the
process temperature changes. The correlation between these two factors is analysed to measure the
temperature.

Pressure: Pressure transmitters are used to measure pressure in different processes. These are divided
intothree types:

e Absolute Transmitter: It measures process pressure by taking vacuum pressure as its base.

e Gauge Transmitter: It measures process pressure by taking the location’s atmospheric pressure as the
base.

« Differential Transmitter: It measures the differences between the various pressures when sensing
units are exposed to several pressures as inputs.

Level Transmitters

These transmitters are made to calculate the amount of a liquid or solid inside a container or enclosed
environment. The seven different kinds of level transmitters are as follows:

e Point Level: These are intended to emit a signal when a specific measurement level is attained. The
outputsignal may be an alarm sound or an electrical signal that activates a switch.

e Continuous Level: This transmitter determines the level within a certain range. Additionally, it
delivers updated measurements as the level shifts.

e UltrasonicLevel: It allows non-contact measurements of viscous liquids or bulk solids.

e Conductive: It is applied to the point level measurement of various liquid types. It can measure
corrosive fluids like caustic soda, hydrochloricacid, and water.

¢ Pneumatic: Slurry or sludge-containing applications are perfect for these transmitters. They can be
utilisedin non-electrical applications.

e Capacitance: With the help of this transmitter, non-conductive liquids with high dielectric constants
can be continuously measured.

e Hydrostatic: To measure a liquid's level, this transmitter uses hydrostatic pressure.
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5.1.9 SMART Transmitter

SMART Transmitter stands for Single Modular Auto-ranging Remote Transducer. It is a cognitive
transmitter that continuously transmits digital communication signals based on the FOUNDATION
FIELDBUS, PROFIBUS, or HART protocol and has an analog output. It comprises of a sensor, the
microprocessor, memory and communication block.

Input Microprocessor Output

Output:

Input:
1. The output i in the form of 4 to 20

Communication mi standard loop current.

1. The sensar may also be integrated in

he itters. (optional
the smart transmitters. {opt l 2. The output can also be in the form of

2. The input either receives from a pulse, digital  output  (foundation
integrated sensor or external sensing + ADC - Analog to Digital Comeerter fieldbus, Profibus, wirelessHART, etc.)
element, + DAC - Digital to Analog Converter depends on the smart transmitter,

Fig. 5.1.18 Smart Transmitter

SMART Transmitter measures absolute pressure, process temperature and differential pressure. The
output of this transmitterincludes primary process variables as well as secondary process variables.

The information extracted from the measurements is used employed to optimize the process and
improve the instrument's effectiveness while extendingiits life.

Advantages of SMART Transmitter
e Bi-directional communication
e Measuresand Compensates for environmental disturbance
e Multiple sensors allow covering various measurement ranges
¢ Removal of zero and sensitivity drift errors.
e Self-Diagnostic
¢ Adjustment of non-linearities giving linear output
e Improved accuracy and reliability

e Reductionin maintenance costs.
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5.1.10 Sensors

Asensor is a device that recognises changes in electrical, physical, or other quantities and does so in a way
that produces a yield that serves as a confirmation of the progress in the amount. Industrial Automation
Sensors are input devices that produce an output (signal) in relation to a particular physical quantity, to
putitsimply (input).

Sensors are a key component of industrial automation because they give items intelligence and
outstanding automaticity. These enable the detection, analysis, measurement, and processing of a wide
range of transformations, including changes in position, height, length, exterior, and dislocation that take
place atindustrial manufacturing sites.

The following are the various types of sensors used in automation:
e Temperature Sensors

e Pressuresensors

MEMS Sensors

e TorqueSensors

1. Temperature Sensors:

A temperature sensor is a gadget that gathers temperature data from a source and converts it into a
format that can be interpreted by another gadget. These are a class of sensors that are frequently used;
they measure a medium's temperature and detect temperature or heat.

Digital Temperature Sensors:

Digital temperature sensors, which are silicon-based temperature sensing ICs, deliver precise output
by representing the temperatures they measure in digital form. Comparatively to methods that involve
external signal conditioning and an analog-to-digital converter, this simplifies the design of the control
system (ADC).

Fig. 5.1.19 Digital temperature sensors
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2. Humidity & Temperature Sensors

The temperature and humidity sensors produce measured digital signals using a complex of
temperature and humidity sensors. It offers excellent consistency and exceptional long-lasting stability
by applying the approach and temperature & restricted digital-signal-acquisition humidity sensing

technology.

Fig. 5.1.20 Humidity & temperature sensors

Applications of Temperature Sensors:
¢ Weatherproof & designed for continuous temperature measurement
e Exceptional precisionand accuracy
¢ Incomplexindustrial applications
e Underrough operating conditions
3. Pressure Sensors:

The pressure sensor is a device that senses applied pressure and converts it into an electric signal, the
guantity of which is dependent on the pressure. One or two of the most common pressure sensors
used inindustrial automation are high vacuum sensors and turned parts for pressure sensors.

Turned parts for Pressure Sensors

These high-pressure industrial automation sensors are employed in climate control systems and are
widely used in hydraulicand industrial systems.
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Fig. 5.1.21 Pressure Sensor

4. Vacuum Sensors

Vacuum Sensors are used when the vacuum pressure is below atmospheric pressure levels. These
sensors typically rely on a heated wire with temperature-related electrical resistance. Convection
decreases, and wire temperature rises as vacuum pressure rises. In order to accurately measure the
vacuum, electrical resistance rises proportionately and is calibrated next to pressure.

Fig. 5.1.22 Vacuum sensors

Applications of Pressure Sensors:
e Tomeasure pressure below the atmospheric pressure at a given location

e Used in weather instrumentation, aircraft, vehicles, and any other machinery that has pressure
functionality implemented

« Tomeasure othervariables such as fluid/gas flow, speed, water level, and altitude

MEMS Sensors (Micro-electro-mechanical Systems)

MEMS Sensors transform mechanical impulses that have been measured into electrical signals. A few
significant MEMS sensors used inindustrial automation include those for acceleration and motion.
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5. Accelerationsensors

One of the most common inertial sensors is the Acceleration Sensor. Itis a dynamic sensor with a wider

range of sensing capabilities.

Fig. 5.1.23 Acceleration Sensor

6. Motionsensors

Motion sensors employ data processing techniques created on a platform for motion interaction that
incorporates several inexpensive MEMS motion sensors. Systems for processing sensor signals deal
with signal smoothing, noise cancellation, dividing the influence of gravity, changing the coordinate

system, and location.

Fig. 5.1.24 Motion sensors
Applications of MEMS Sensors:

e Several applications in fields like industry, entertainment, sports, and education. Example:

triggering airbag deployments or keeping an eye on nuclear reactors

e Measuring staticacceleration (gravity), the tilt of an object, dynamic acceleration, vibrations, etc.

e Detecting motion

127
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6. Torque sensors

The torque sensors increase overload capacity and provide an additional layer of protection during
installation and use. Among the crucial sensors utilised in industrial automation are rotating torque
andtorque transducers.

Rotating Torque Sensors

These are used for measuring the reaction of rotating torque. These torque metres provide more
mounting and operating safety while increasing surplus capacity.

Fig. 5.1.25 Rotating torque sensors

Torque Transducers

Torque Transducers use cutting-edge strain gauge technology to meet the most demanding requirements
for sensors used in staticand dynamic applications.

Fig. 5.1.26 Torque Transducers

Applications of Torque Sensors:
e Measuring the speed of rotation and maintenance necessities
e Measuring Mass and mass moment of inertia
e Measuring the torque from the point of vision of a quasi-static process

¢ Measuring the highest speed of rotation, oscillating torque
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Position Sensor

Any device that detects an object's movement in a linear or rotary motion and transforms it into output
signals appropriate for processing, transmission, or control, depending on the application, is referred to
asapositionsensor.

Potentiometric, Magneto-Restrictive, Hall Effect, Encoder, and LVDT/RVDT position sensors are among
the non-contacting and contacting technologies that are available in a variety of sensor packages. The
most precise measurements are provided by several technological kinds for various uses.

Use of Position Sensors
e Steering systemson agricultural machinery
e Electric cartthrottle control
e Conveyor speed measurement
e Printing process control
e Labelling control
e Rampand bridge positioning
» Ticketbarrier opening angles
e Measuring the thickness of dough in baking machines
¢ MRImachines

e CCTVcamera positioning

The two types of position sensors are - Linear sensors and Rotary sensors.

Linear Position Sensors: These sensors convert linear movements or measurements into output signals
for processing. There are linear position sensors everywhere. In order to guarantee that they are taking
measurements in the most effective manner for the application at hand, linear position sensors make use
of many sorts of technologies.

They can be contacting or non-contacting; non-contacting linear position sensors normally cost more but
are wear-free and hence provide a longer life.

Rotary Position Sensors: Rotational motions are converted into output signals using rotary position
sensors. Rotary position sensors can also be contacting or non-contacting, much as linear position
Sensors.

One sort of rotary position sensor will be more appropriate based on the degree of rotation or number of
turnssince rotary position sensors may also be single-turn or multi-turn.
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Photo-electric sensors

Photoelectric sensors, also known as photo eyes, produce a beam of light that can detect the presence or
absence of things and equipment, as well as changes in surface conditions. When the transmitted light is
stopped or reflected by an item, a receiver detects the change in light patterns and recognizes the target
object or surface. Photoelectric sensors are widely used in a variety of industrial production industries,
including material handling, packaging, food and beverage, medical, and many more.

Depending on the model chosen, they can be used with or without a reflector, self-contained, long-range,
heavy-duty, or small. There are several housing and mounting choices available to provide a proper fit
that matches the demands of each application.

The sensor comprises the following components: the transmitter, which is the light source (LED); the
receiver (phototransistor); a signal converter; and an amplifier. The phototransistor analyses incoming
light, confirms thatitis from the LED and then generates an output.

Modulated LED.
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Load

Fig. 5.1.27 Photo Electric Sensors

Light Intensity and Photoelectric Sensor: The phototransistor determines how much current may flow
through the circuit based on the amount of light it detects. As a result, if the sensor is placed in a dark
environment, it only allows a little amount of electricity to pass. When it senses a strong light, it will
enable more electricity to flow. A photoresistor is formed of cadmium sulphide and has the highest
resistance when the sensor isin the dark. When exposed to light, the photoresistor's resistance decreases
in proportion to the intensity of the light. When connected to a circuit and balanced using a
potentiometer, changes in light intensity are reflected in voltage. These sensors are frequently used for
detecting lightintensity because they are simple, dependable, and inexpensive.

Proximity Sensors

A proximity sensor is a non-contact sensor that detects the presence of an object or target when it enters
its field of view. Depending on the type of proximity sensor, the sensor may detect a target via sound,
light, infrared radiation (IR), or electromagnetic fields. Phones, recycling factories, self-driving vehicles,
anti-aircraft systems, and assembly lines all use proximity sensors. There are several types of proximity
sensors, and each uniquely detects targets. The inductive proximity sensor and the capacitive proximity
sensor are the two most prevalent types of proximity sensors.
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An inductive proximity sensor can only detect metal targets. This is because the sensor makes use of an
electromagnetic field. When a metallic object enters the electromagnetic field, its inductive qualities
modify the field's properties, alerting the proximity sensor to the presence of a metallic target. The target
can be detected ata more considerable or lesser distance depending on how conductive the metal is.

In contrast, capacitive proximity sensors are not confined to metallic objects. These proximity sensors can
detect anything that can conduct an electrical charge. In liquid-level sensing, capacitive sensors are often
utilised. Capacitive sensor targets include but are not limited to glass, plastic, water, wood, metals, and
other materials.

Proximity sensors are widely utilised in industrial and consumer robots. They are also employed in
automobiles to determine the physical proximity of other vehicles and for parking assistance features.

5.1.11 Instrument Transformers

Instrument transformers play a significant part in the protection systems used in alternating current
techniquesto assess different electrical characteristics.

The variables are voltage, current, power, power factor, frequency, and energy. As the name indicates,
these transformers are used in conjunction with appropriate instruments such as ammeters, voltmeters,
wattmeters, and energy meters.

Instrument transformers are also employed with protective circuits to run relays, circuit breakers, and
other devices to safeguard power systems; their operationis similar to regular transformers.

The Instrument transformer's primary function is to scale down the alternating (ac) power system voltage
and currentand measure the resulting signal.

Types of Instrument Transformers

Current Transformer (CT): A current transformer is used to reduce the power system's current to a lower
level that may be monitored by a tiny rated ammeter (5A).

The load is linked in series with the primary winding of a current transformer (C.T). The load current is
carried by the primary winding.

The primary winding has few turns, but the secondary winding has many more. The ammeter is linked
straight across the secondary winding.

A current transformer can be considered a series transformer, with the primary winding connected in
series with the circuit whose current has to be measured.
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Voltage Transformers (VT): These are used to test high voltages with low-range voltmeters. The voltage
transformer's primary winding is linked across a supply line (R, Y, and B) whose voltage is to be measured.
The voltage measurement circuit is linked across the secondary winding. A voltage transformer is a
parallel transformer, with the primary voltage transformer connected in parallel to the circuit whose
voltage must be measured.

Voltage transformer transformation ratio = (Primary winding voltage/Secondary winding voltage).

5.1.12 Valves

Solenoid Valve: A solenoid valve is a valve that is operated by electricity. A solenoid, which is an electric
coil with a moveable ferromagnetic core in the middle, is used in the valve. The plunger is the name given
tothis core.

The plunger shuts a tiny aperture while at rest. A magnetic field is created by passing an electric current
through the coil. The magnetic field pulls on the plunger. As a result, the plunger is drawn into the centre
of the coil, allowing the orifice to open. This is the fundamental concept that enables solenoid valves to
openandclose.

Solenoid valves are used in pipes to shut, dose, distribute, or mix gas or liquid flow. The circuit function of
asolenoid valve expresses its specialised purpose. A 2/2-way valve has two positions and two ports (inlet
and exit) (open or closed). A two-way valve can be 'usually closed' (closed when de-energized) or
'normally open' (openin a de-energized state).

Since it has three ports and two locations, a 3/2-way valve may switch between two circuits. 3/2-way
valves can perform a variety of tasks, including generally closed, normally open, diverting, and universal.
More ports or valve combinations are available in a single structure.

energized de-energized

state - state
v N = = | A ™

2/2 way 2/2 way 3/2 way
normally open normally closed normally closed

Fig. 5.1.28 Valve switches
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The examples show a 2/2-way Normally Open (NO) valve, a 2/2-way Normally Closed (NC) valve and a
3/2-way Normally Closed valve.

Control Valve: A control valve is a mechanical device that regulates or manipulates the flow of fluids such
as gas, oil, water, and steam. It is an example of a final control element and an essential control loop
aspect. By far, the most frequent last control device utilised in the industry today is the control valve.

Electricity, pneumatics, or hydraulics can power control valves. A control valve receives a signal from a
controller, such asa PLC, to move, causing a change in flow. Because the PLC signal is electrical, the control
valve may require a device to convert it before it can function. A control valve comprises two parts: the
valve and the actuator.

Linear Motion and Rotary Motion are the two types of control valves. A linear motion valve's stem and
valve movement are up and down. The Gate Valve is a popular form of sliding control valve. A rotary
motion valve rotates 90 degrees from open to closed. The Butterfly Valve is a popular type of rotary valve.
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— Exercise

1. Namefive electrical components.
2. Whatdo you understand by processinstrumentation?
3. Explain Load Management Process.

4. Whatare open-loop and closed-loop control systems?
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By the end of this module, participants will be able to:

Explainthe working of PLCand SCADA with HMI.

Explainthe concept of HMIand HMI operations in an automation environment.
Describe the process of creating applications and tags.

Explain the use of different monitoring systems

Explain the working principle of the automatic storage and retrieval system.
Explain how to download/upload programs.

Explain how to create alarm messages.

Describe the process of communication with PLC.

Describe the process of detecting faults through diagnostics.

. Explain the use of different monitoring systems.
. Explain the functioning of relevant material handling systems used in the industry.

. Explain the basic knowledge of automated material handling systems and various material transport

systems.

Explain the function of a conveyor system and the working of cranes and hoists for lifting objects on
the shop floor.

Explain the need for a conveyor system and rails for an automated material handling system.
State the relevant considerations to be made while selecting a material handling system.
Explain the use of automated guided vehicle systems.

Explain the functioning of monorails and rail-guided vehicles.

Explain different conveyor systems such as cranes and hoists.

Describe the process of analysing the material transport system.

Describe the process of carrying out engineering analysis of the automated storage system.
Explainthe role of automated storage and retrieval systemin Industry 4.0.

State the working principle of the carousel storage system.

Explain different barcode and RFID techniques.

Explain the use of robotics in material handling systems.

Explainthe architecture of loT and applicable trends.

Explainthe loT architecture and relevant platforms.

Statetherelevanttrendsinthe adoption of loT.

Describe the process of basic programming of controllers.

Explain the use of appropriate hardware platforms such as Intel Galileo, Edison, Arduino, Beaglebone,
and Black & Raspberry Pi.

Explain the use of appropriate software platforms such as Intel XDK, Node-RED, VISUINO, Fritzing, and
123 circuits.

Explain the applicable machine-to-machine integration concepts.

Explain the basics of Python.
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UNIT 6.1: Process of Setting up Human Machine Interface (HMI)

— Unit Objectives |©

By the end of this unit, participants will be able to:
Explain the working of PLC and SCADA with HMI.
Explain the concept of HMIand HMI operations in an automation environment.
Describe the process of creating applications and tags.

Explain the use of different monitoring systems

1.
2
3
4
5. Explainthe working principle of the automatic storage and retrieval system.
6. Explainhowtodownload/upload programs.

7. Explainhowto create alarm messages.

8. Describethe process of communication with PLC.

9. Describethe process of detecting faults through diagnostics.

10. Statethe working principle of the carousel storage system.

11. Describe the process of carrying out engineering analysis of the automated storage system.

12. Explaintherole of automated storage and retrieval system in Industry 4.0.

— 6.1.1 Human Machine Interface

Human Machine Interface (HMI) systems can be considered a "window" into a process. It is used in
industrial settings. This window could be on specialized equipment like operator panels or a computer. To
enable information exchange between the user and the system, an HMI system has connections to an
industry's hardware and software components.

A user interface or dashboard that enables human interaction with a machine is known as a human-
machine interface. HMIs are utilised in various technologies around the world, from power plants to
cellphones.

trend
processing

alarms <:| alarms
processing logging

simulation —&%

instructor desk

state
logging

Fig. 6.1.1 HMI Process




Mechatronics Designer
and System Integrator

The signals from the process are transmitted to the HMI using PLCs, RTU (remote units), drives, or devices
with input/output cards in the computer. All of these devices must have a communication protocol that
the HMI can comprehend.

HMls are used for human-machine interaction but are not a component of any one piece of software.
HMIs primarily assist users in comprehending and manipulating data through communicable devices like:

e Screens
e Buttons
e Levers

¢ Computermouse

e Keyboards

- 6.1.2 HMI Software Functions

The functions of an HMI Software are:

* Monitoring: It is the process of getting instantaneous plant data and displaying it. To make reading
easierto understand, this data can be presented as numbers, text, orimages.

« Supervision: In addition to monitoring, this function also enables the possibility of changing the
process's operating conditions from the computer.

e Alarm:The capacity to identify and communicate extraordinary events occurring during a process.

e Control: The capacity to use algorithms that modify the process's values and keep them within
predetermined bounds.

» Historian: The capacity to show, store, and process data on a regular basis is known as historian. This
datastorageis a potentinstrument for process improvement and correction.

- 6.1.3 Types of HMI

1. Developed to measure: They are created in a graphical programming environment like VC++, Visual
Basic, Delphi, etc., to be measured.

2. HMI canned packages: The majority of the common SCADA system functions are covered by these
software packages.
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~ 6.1.4 Working of PLC and SCADA with HMI

SCADA is the central database that houses and manages all of the operations. In order for the system to

operate and communicate within the operational environment, it communicates with the PLC. The
SCADA-PLC system may have an HMI, which could be in the form of a screen, buttons, levers, or a
keyboard, allowing people to interact with it. Machines used in industries, computers, and automobiles
are afew examples.

HMls play a crucial role in providing information to the operator in industrial manufacturing. Any
problems with the SCADA system can be found by the PLC system, which then presents them to the
human operator through the HMI so they can be fixed.

Control Room Building

°
—e

SCADA Server
{Supervisery Control and Data Acquisition)

() )

HMI (Human Machine Interface)

PLC

[ [Programmable Logic Controllers)

Industrial Equipment RTL
[Remote Transmission Unit)

Temperature Sensor

Fig. 6.1.2 Working of PLC and SCADA with HM|
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- 6.1.5 Creating an App

The following steps should be followed to create an App
1. Generateanappidea

2. Conduct competitive market analysis

3. Listthe characteristics of the app in writing.

4. Create mockupsoftheapp'sdesign.

5. Createthe graphicdesign of the app

6. Createanapp marketing strategy.

7. Useoneofthese strategiesto create the app.

8. Submitthe apptothe App Store

9. Marketthe app for maximum exposure

10. Improve the app with user feedback

- 6.1.6 Tagging

Tagging is a technique for adding more context to the applications so that one can examine and organise
them more precisely in accordance with their needs and requirements.

There are two categories of tags:
e Application tags are a method for application filtering.

e Workflow tags make it easy to organise a collection of apps.

~- 6.1.7 System Monitoring

System monitoring software is an umbrella category of software that enables organizations to manage,

operate, and monitor IT systems in a centralized manner. Software that belongs under the general
category of system monitoring enables businesses to centrally manage, run, and monitor their IT systems.
Many managed service providers include system monitoring as a core service, in addition to various types
of monitoring for applications, infrastructure, and services. IT teams employ system monitoring for a
variety of tasks, including configuration and security management, backup and restore capabilities, patch
management, and more.

System monitoring is used by IT companies to:
e Identify a system health baseline for comparison going ahead
« Identify fundamentalissues before they have a negative effect on internal and external users.
« Whenaproblem arisesfor the first time, gather data to enable continued development.

e Boost system performance and security.
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~ 6.1.8 Automated Storage and Retrieval System (AS/RS) ———

An Automated Storage and Retrieval System (AS/RS) is a set of tools and controls that work together to
handle, store, and retrieve materials quickly, accurately, and precisely as needed. Smaller automated
systems to bigger computer-controlled storage/retrieval systems that are fully integrated into
manufacturing and/or distribution process are examples of systems. AS/RS is a general term for a number
of computer-controlled techniques for automatically depositing and retrieving loads to and from
specified storage locations.

Uses of Automated Storage and Retrieval System (ASRS)

In several locations throughout a plant, automated storage and retrieval systems are employed to
support processing and picking:

e Order Picking: Order picking involves retrieving and presenting pickers with the necessary inventory.

Storage: Providing extensive long-term buffering for slow to medium-moving tiny or large objects.
e Kitting: Providing a space for assembling component piecesin packages

» Consolidation: Creating a flexible space to store components and goods until acomplete order can be
puttogetherand shipped. Used frequently for the store, B2B, and consumer orders.

* Assembling: preserving parts of the work piece for later manufacture.
e Production: Storage of equipment and parts needed for manufacturing processes.
* Replenishment: Storing extra stock to replenish auxiliary picking systems

* Security: Enclosing the storage area and adding software access controls.

- 6.1.9 Download/Upload PLC program directly from/to USB ——
through HMI

The steps are as follows:
1. CopythePLC programtoa USB memory stick (.DVP).
2. Connectthe memory sticktothe HMI's USB port.

3. To access the HM's system menu, press the "SYSTEM" button for a few seconds (at the back of the
HMI). A “beep” sound will be heard.
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System button

Fig. 6.1.3 System Button

4. Selectthe “Up/Download” menu option.

5. Usingthe "LEFT" and "RIGHT" buttons at the bottom, select "HMI *->PLC" as the transfer mode.

Transfer
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6.Selectthe PLC program file which needs to be downloaded from "USB:/" on the left of the screen

7.Select the COM port connected to the PLC on the right side of the screen

‘J‘&P- B - ,UpfDowrioad »

o e |

Fig. 6.1.5 COM Port

8. Afterselecting COM1, HMI will automatically look up the PLC.

Bl T T A R A EVE ST

Fig. 6.1.6 Locking of PLC

9. Afterthe HMlIfinds the PLC, the user can download the program by pressing the "Download" button

145 .
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Fig. 6.1.7 Download Program

6.1.10 Alarm System

Every automated system must have alarms, errors, and cautions. They are used to monitor the system's
operation as well as to avoid machine damage, which could result in catastrophic failures or the injury of
an operator.

These alerts must be defined in PLC/HMI alarm systems close to the source in order to be effective. They
frequently provide information to anyone using the equipment and are simple to troubleshoot.

Whatis an Alarm?

An alarm is a recognisable issue that prevents a machine from operating and necessitates rapid operator
action to prevent the machine from shutting down. Similar to alarms, warnings don't necessarily call for
operator action. Cycles that are already in motion—like when a gripper is not moving—are stopped by an
alarm. Awarning could prevent a cycle from the beginning.

Programming Alarmsin PLCand HMI

Although the PLC is frequently integrated, there are possibilities to configure alarms in the HMI. To
indicate that somethingis wrong, users can write functionality in the PLC. The HMI reads this information
and flashes a LED indication. Locally, the alarm can now be seen at the HMI panel or another type of
indication close to the machine.

Users must consider alternate techniques, such as email or push notifications, to add additional ways of
informing engineers, managers, or operators who are not there.
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6.1.11 PLC Communication

When the application needs to share data outside of the process, PLC communication is required. The
data will be shared with an outside electronic device through a PLC communication. Twisted-pair wire can
be used for PLC communication, or it can be done remotely using a phone or radio modem. A built-in
communication interface using RS232, RS422, RS485, or Ethernet is present in many different types of
PLC. A network can be used by the modern PLC to connect to other systems. Peer-peer communication
between processors might be possible in PLCs used in big 1/0 systems. By doing this, each component of
the intricate process would have individual control, and the communication link would allow the
subsystems to cooperate.

6.1.12 Fault Diagnosis

Based on the data that are currently available for the system, the major goal of fault diagnosis is to identify
the kind, size, and location of the defect as well as the time at which it was discovered. Figure 6.1.8
displays a general model-based fault diagnosis approach. Fault diagnosis is often accomplished in two
steps. Utilizing the relevant input-output measurements from the system under consideration, a signal
termed residual is first generated. The residual should be zero or very close to zero when the system is
fault-free, and when the fault is present, the residual should be different from zero. Residual can be either
a vector providing information about many faults or a scalar signal carrying information about a single
failure.

The residual generator might be either a black-box model of the system or an analytical mathematical
model. The decision-making process, which takes place in the second step, involves assessing the
possibility of errors in the residuals. The kind of decision-making mechanism might range from a
straightforward threshold to several complex statistical methods.
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Fig. 6.1.8 Fault Diagnosis Process
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6.1.13 Carousel Storage System

A dynamic approach known as a carousel storage system brings stored objects to the system operator
using vertically revolving shelves. The "goods to man" idea governs how a carousel storage system
operates. The time-consuming procedure of having employees trek back and forth across the warehouse
in search of items that are stored is eliminated. To ensure that stored objects are readily located and
recovered, specialised software is used to handle and manage the carousel storage system.

Storage and retrieval chores are safer thanks to carousel storage systems, which offer automated put and
pick operations. Warehouse workplace mishaps are a thing of the past. All of this can be incorporated into
the overall production process so that requested goods are rapidly discovered and sent to the system
access point for retrieval. Carousel storage systems increase the effectiveness and economy of operations
and production processes. Additionally, stored goods are delivered to the access point at an ergonomic
height, improving worker health and safety.
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UNIT 6.2: Automation of Material Handling System

— Unit Objectives |©

By the end of this unit, participants will be able to:
1. Explain the functioning of relevant material handling systems used in the industry.

2. Explain the basic knowledge of automated material handling systems and various material
transport systems.

3. Explain the function of a conveyor system and the working of cranes and hoists for lifting objects
on the shop floor.

Explain the need for a conveyor system and rails for an automated material handling system.
State the relevant considerations to be made while selecting a material handling system.
Explain the use of automated guided vehicle systems.

Explain the functioning of monorails and rail-guided vehicles.

Explain different conveyor systems such as cranes and hoists.

O 0 N o v s

Describe the process of analysing the material transport system.

10. Explain the use of robotics in material handling systems.

— 6.2.1 Material Handling System

The term "material handling" refers to the activities, tools, and processes involved in transporting,
storing, safeguarding and managing materials inside a system.

The supply chain, which effectively covers the journey a product takes from the factory to your doorstep,
is really a collection of procedures that cover everything from a product's production through
distribution.

There are many stages in the supply chain. A supplier first sources the raw materials, which are
subsequently produced. Before a distributor sends them to the direct customer or a sales facility,
connecting with the consumer, these products are frequently delivered to a storage facility.

The protection, control, storage, and transfer of the materials and products are all done through the use
of material handling systems, from production to consumption.

The route that goods follow to reach you is known as the supply chain. The machinery that transports
them there are material handling systems. In addition, the disposal of these materials is a part of material
handling.
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6.2.2 Automated Material Handling System

An automated process that reduces or eliminates the need for people to check items in and out, organise
materials, or transport totes and bins storing library material is known as Automated Material Handling
System.

Check-in devices, sorters, conveyors, singulators, stackers and unstackers, totes, bins, trolleys, and tote
carriers are just a few examples of the mechanical equipment used in AMH systems. There must be a
scanner to read the bar code or a reader to read the RFID tag anywhere along with the procedure (or
both). To prevent bins from overfilling and guarantee that each item is appropriately orientated and
pushed or transported into the appropriate tote or bin, a variety of belts, pulleys, chutes, slides, and laser
beams are used. Because they remove the check-out process from the staff's control, self-checkout
machines are occasionally included in the AMH category. But they let the customer do it themselves,
making it more of a self-service function than an automated feature.

6.2.3 Function of Automated Material Handling System ——

The operator places material at a "pick-up" site, which is where AMHSs may detect it, process the material
identification to determine the next destination, and then deliver the material. These systems work best
when the material information is, at the very least, accessible and visible in the systems used by
manufacturing personnel, regardless of the mode of conveyance. In a completely functional AMHS, there
would be no human contact with carriers, transport systems, or material. Instead, the AMHS would
autonomously handle material identification, routing, and delivery to the proper tool, including loading
and unloadingthe tool'sload ports.

6.2.4 Selection of Material Handling System

Every enterprise that has to store or transfer commodities has a critical component called material
handling. The safe, quick, and effective transportation of materials across a variety of operations, from
production to distribution, storage, and delivery, is guaranteed by reliable material-handling equipment.

For selecting an appropriate material handling system, itis vital to select the appropriate equipment.

A list of the qualities of the materials to be handled is the first step in selecting the appropriate material
handling equipment.

e Isthesubstance gas, liquid, orsolid?

e Whatarethe material's dimensions and shape?

*  Whatisthe weight of each material unit?

* Arethesubstances hazardous, sensitive, or corrosive?

e Dofragile materials require particular handling techniques?
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Users can narrow down the variety of available material handling gear and equipment by taking into
account these key variables. Let's say users are relocating food. They are renowned for being fragile and
sensitive to the environment. Consider starting the search for equipment by looking at solutions made of
sanitary stainless steel.

The choice of equipment that can be used narrows down if the materials are corrosive, poisonous, or
delicate because only particular equipment can meet these requirements.

6.2.5 Material Transport System

All the regions utilised for receiving goods, producing items, picking orders, and shipping materials are
quickly and effectively connected by the System Logistics handling and transportation systems, which
also optimise storage and transportinside the warehouse.

The variety of material handling and transport system consists of:
* AGV (Automated Laser Guided Vehicles)
e SVL(Systemvehicle loops)
» Shuttlecars

e Palletconveyors

6.2.6 Conveyor System

A conveyor system is a mechanical handling device for rapidly and effectively moving loads and materials
automatically. Among other advantages, this technology minimises human error, lowers workplace risks,
and lowers labour expenses. They are helpful for transporting large or heavy objects from one place to
another. To move objects, a conveyor system may employ a belt, wheels, rollers, or a chain.

Benefits of Conveyor System

The primary function of a conveyor system is to move objects from one place to another. The structure
enables the movement of items that are too big or heavy for people to handle by hand.

When moving products between locations, conveyor systems reduce the amount of time required.
Conveyor systems make it easier to transfer objects up and down floors, a chore that is physically taxing
when done manually by humans because they can be inclined to traverse numerous levels. Material can
be automatically unloaded using inclined belts, negating the need for a receiver to be present at the other
end.
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Functioning of Conveyor System

Generally, a stretched belt across pulleys can be used to design conveyor systems. There are two or more
pulleys available here. The belt can be formed into a closed loop around the pulleys to allow for frequent
rotation. The drive pulley is one of the pulleys used to drive the belt that moves the objects from one
location to another.

The drive pulley in the majority of conveyor systems is driven by a rotor in addition to a belt. Through the
friction between the two faces, the beltis held to the rotor.

Fig. 6.2.1 Conveyor Belt

While traditional conveyor systems like moving walkways and grocery store conveyors are straight, the
unit occasionally needs to revolve to transport the items to the proper place. For the belt to rotate
properly, both the idler and drive pulley should run in a similar path, either in a clockwise direction or
counterclockwise. There are special cone-shaped wheels and rotors for rotates that allow the belt to
track a bend or twist without becoming twisted.

Types of Conveyor System

1. Belt Conveyor: The most popular and basic type of conveyor, belt conveyors may transport goods at a
variety of speeds. They use a moving belt that is supported by a steel frame, which also holds the
materials being transported. Sliding style refers to those that have a frame underneath providing
support. Aroller belt style refers to a belt thatis held in place by several closely spaced rollers.

Fig. 6.2.2 Sliding Belt Conveyor

153 '
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2. Gravity Roller Conveyors: A series of evenly spaced rollers coupled to a side frame make up gravity
roller conveyors. A surface to place things on for movement is provided by the placement of the
rollers. Materials move by gravity if a gravity roller conveyor is slanted or positioned at an angle. While
different-sized components can be loaded onto a gravity roller conveyor, operators must be careful to
prevent larger materials from colliding with smaller ones. Shipping businesses employ gravity roller
conveyorsto load and unload trucks.

Fig. 6.2.3 Gravity Roller Conveyor

3. Chain Conveyors: The bottom of the goods to be moved can be made to touch by two or more sets of
chains on chain conveyors. As they are moved, the materials rest on the chains. For products with
uneven bottom surfaces or ones that are quite heavy, chain-driven conveyors are the best option.
Pallets can be put directly on the ones with heavy frames. Chain conveyors move a variety of objects,
which makes them work quite slowly.

Chain BoE

Fig. 6.2.4 Chain Conveyor

4. Motorized Roller Conveyors: In motorised roller conveyors, the regularly spread rollers are powered
by motors that are mounted along with the conveyor frame. With the inclusion of motors, the concept
is comparable to a gravity conveyor. The system's overall design and the load that needs to be
transported will determine how many motors are needed. A chain or belt may be used to link the
rollers. In order to prevent components from being packed together, some systems have a sensor that
begins and stops the motor.
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Fig. 6.2.5 Motorized Roller Conveyor

5. Monorail Conveyors: Monorail conveying systems are perfect for use over large distances and have
carriers to carry items. Signal wires from conductor lines inside the mounted rails provide electricity to
the rails, which are suspended from the structure of the building. Utilizing the space above the
production area are monorail conveyors. In certain designs, the carriers descend to the production
level before rising and moving out of the way.

Fig. 6.2.6 Monorail Conveyor

6. Pneumatic Conveyors: Bulk goods are transported using pneumatic conveyors, which pressurise a gas
to force the material through a pipeline. Powders or granular materials are raised and pushed through
the pipe when the pipeline's pressure increases.
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Fig. 6.2.7 Pneumatic Dense Phase Conveying System

— 6.2.7 Automated Guided Vehicle System

Automatic guided vehicles (AGVs) are load carriers that move along a facility's floor without a driver or
operator on board. They are computer-controlled and wheel-based. Software-based guidance systems,
as well as sensor-based guiding systems, control their movement. AGVs offer safe load transportation
because they follow a predetermined path, accelerate and decelerate precisely, and have bumpers that
automatically detect obstacles. Transportation of raw materials, work-in-progress, and finished goods in
support of manufacturing production lines, as well as storage/retrieval or other movements in support of
picking in warehousing and distribution applications, are typical applications for automated guided
vehicles (AGVs).

There are many kinds of AGVs. These consist of:

e Automated carts: These are the most basic type of AGV with the fewest functionality for the most
affordable deployment.

e Unit load AGVs: Individual vehicles that transport goods on forks or on the AGV's deck (usually
pallets, bins, carts, or bundles). Roll-handling AGVs are designed specifically to handle large steel or
paperrolls.

e Tugger AGVs: Powered vehicles known as "tugger AGVs" pull a line of non-motorized trailers, each
towingaload.

* Automated forklifts (AGVs): These are forklift trucks that have had their controls modified to
operate automatically.
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AGV systems are composed of several vehicles that go along pre-established guide lines and are often
battery-powered. The facility's vehicles use a variety of guiding systems, such as lasers, optical sensors,
magnet/gyroscope-based inertial guidance, floor-surface mounted magnetic tape or bars, to navigate.
For a scalable and flexible material handling solution, these guidance technologies make it simple to alter
the paths and expand the AGV system in response to facility modifications.

Computer-based software uses wireless connections to gather information about each AGV's present
location for real-time control and monitoring of many AGVs, then communicates with software for
destination and routing logic. By wirelessly conveying specified duties to the AGVs through radio
frequency, the software controls how the vehicles move (RF). Stops, starts, speed changes, lifting,
lowering, multi-point turns, reverses, leaving the guidance path, and interacting with other material
handling machinery and systems — both automated and static — are all examples of instructions.

6.2.8 Rail Guided Vehicle System

The foundation of the Rail Guided Vehicle System is a fleet of high-speed, floored, intelligent rail-guided
vehicles equipped for a variety of cargo handling tasks. This technology is a quick, affordable, and effective
solution for linking extremely far-flung sites or performing sophisticated sorting tasks. When the load
handling units are not standardised, it is also a fascinating substitute for lengthy conveyor lines. The Rail
Guided Vehicles (RGVs) and their floor-fixed track rail make up the system (including running rails, rail
switching devices, lifts and maintenance areas, among others). Additionally, we might supply particular
components (such as fences, access controls, or light barriers) necessary to guarantee an entirely safe
working environment for operators.

Regardless of how complicated the route is, due to the modular and adaptable architecture, smooth and
consistent transportation can be ensured. Due to the interchangeability of all RGVs in the system,
redundancy is another important aspect of this handling approach.

Principal programmable characteristics:

e Performance of the RGV system; Pallets, containers, totes, cartons, frames; Types of handled load
units;

e Quantityandkind of load-handling equipment;
» Total weightisthe load capacity.

»  Working circumstances.
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6.2.9 Robotic Material Handling

In the industrial sector, robotic material handling and tending systems are prevalent. Robotic arms
transferring production parts—typically on or off a conveyor belt or to hold a part in place for
manufacture—are referred to as material handling. Similar but more precise, machine tending describes
the use of aroboticarmto load and unload a stationary industrial machine.

Systems for robotic machine tending and material handling are in high demand because they consistently
increase productivity across a wide range of applications.
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Scan the QR Code to watch the related videos
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https://youtu.be/Up1l
oSSIn6oM

Automation of Material Handling
System
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UNIT 6.3: Internet of Things (loT) in Mechatronics

— Unit Objectives |©

By the end of this unit, participants will be able to:

1. Explain the architecture of loT and applicable trends.
2. Explain the loT architecture and relevant platforms.
3. State the relevant trends in the adoption of IoT.

4. Explain the use of appropriate hardware platforms such as Intel Galileo, Edison, Arduino,
Beaglebone, and Black & Raspberry Pi.

5. Explain the use of appropriate software platforms such as Intel XDK, Node-RED, VISUINO, Fritzing,
and 123 circuits.

6. Explain the applicable machine-to-machine integration concepts.
7. Explain the basics of Python.
8. Explain different barcode and RFID techniques.

— 6.3.1 Internet of Things (loT)

The Internet of Things (loT) is a concept in which things with sensors, actuators, and processors interact
with each otherin ordertoaccomplish a task.

There are different loT architecture strategies, and their success and applicability are strongly correlated
with the calibre of their constituent parts and how they work together.

Basic Elements of loT Architecture

loT architecture consists of a number of interconnected loT system building elements that work together
to ensure that sensor-generated device data is gathered, processed, and stored in the big data warehouse
and that commandsissued by a user application are carried out by actuators on devices.

The elements of loT architecture

Things - An item that has actuators that enable things to act and sensors that collect data to be shared
across a network is referred to as a "thing" (such as turning on or off the light, opening or closing a door,
changing the engine's rotational speed, and more). This idea encompasses everything that can be
imagined, including refrigerators, street lighting, structures, cars, production equipment, medical
equipment, and more. Sensors may need to keep track of, for example, what occurs in the environment
thatis closesttoathing, astheyare not always physically related to the items they are monitoring.

Gateways. Through the gateways, data is transferred from things to the cloud and vice versa. A gateway
facilitates data pretreatment and filtering before moving it to the cloud (to reduce the amount of data
needed for thorough processing and storage), permits connectivity between things and the cloud
component of the loT system, and delivers control orders from the cloud to things. Then, using their
actuators, things carry out commands.
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loT architecture

Sensors, actuators
and smarnt devices

Sensors, actuators
and smart devices

Fig. 6.3.1 loT Architecture

Cloud gateways enable data compression and secure data transmission between field gateways and cloud
loT servers. Additionally, it makes sure that multiple protocols work together and communicate with field
gateways using the protocol that the gateways support.

The efficient transfer of input data to a data lake and control applications is ensured by a streaming data
processor. The rare loss or corruption of datais impossible.

Lake of data. The data produced by linked devices is kept in its original format in a data lake. Big data is
delivered in "streams" or "batches." The data is extracted from a data lake and loaded into a big data
warehouse whenitis required for insightful analyses.

Big data storage. A big data warehouse receives the filtered and pre-processed data from a data lake that
is required for useful insights. All of the data in a massive data warehouse has been cleansed, structured,
and matched (compared to a data lake which contains all sorts of data generated by sensors). Additionally,
data warehouses keep track of the commands control programmes provide to objects as well as context
information about items, sensors, and sensors' installation locations.
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ML-generated models and machine learning. Itis possible to develop more accurate and effective models
for control applications using machine learning. Based on the historical data gathered in a big data
warehouse, models are routinely updated (for instance, once a week or once a month). New models are
employed by control applications after being evaluated for applicability and efficacy by data analysts.

— 6.3.2 Hardware Platforms

A hardware platform is a collection of compatible hardware that enables the use of software
programmes. Programs must be created specifically for a platform that uses a specified type of processor
and related hardware components since each unique hardware platform hasits own machine language.

Afew examples of Hardware Platforms are:

'Haspberry Pi l n te
ARDUINO

Fig. 6.3.2 Hardware Platforms

— 6.3.3 Software Platforms

A platform is an ecosystem of resources and a collection of software that enables you to expand your
business. The value of a platform derives not only from the capabilities it offers but also from the

connections it can make acrossinternal tools, teams, data, and processes.

xok| | O

Node-RED VISUIND

Fig. 6.3.3 Software Platforms
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— 6.3.4 loT Trends

Some commonly adopted trends are:

1. Facial and objection recognition: These recognition technologies have led to anincrease in the use of
video for tracking and monitoring faces and objects. loT-enabled cameras use thermal imaging, which
measures heat and creates images, to assure visibility in harsh settings like heavy rain, snow, or foggy
conditions.

2. Telematics video surveillance: The telematics video monitoring sector could undergo a revolution
because of 5G networks' increased capacity and decreased latency. It will make sure that consumers
always have alink to their fleet video systems, no matter the weather or the flow of traffic.

3. Wireless BLE-powered devices: Wireless data transport is made simpler by BLE and wireless sensors.
Because the technologies are simple enough to incorporate an expanding number of sensors, they
are employed invariousindustries, including security, retail, and healthcare.

4. 4G LTE-M networks: Since 2G and 3G networks are unable to handle the rising number of linked loT
devices, the 4G LTE-M network is quickly replacing them.

The ideal option for loT devices is 4G LTE-M networks because they have a larger range and reduced
power consumption. In several nations, including the US, Mexico, France, Germany, Canada, and
India, the 2G and 3G networks will soon be phased out.

5. Zero-risk eco-driving: Eco-driving is a cutting-edge approach that enables organisations to better
manage employee safety and fleet maintenance. Employers can use the technology to track when
drivers accelerate quickly, stop forcefully, or drive irresponsibly by gathering data from sensors.

— 6.3.5 Machine-to-Machine Integration Concepts

The term "Machine-to-Machine Communication," or M2M, refers to the exchange of data between two
machines without the use of a human interface or other human involvement. In the industrial Internet of
Things, thisincludes wireless communications, powerline connections (PLC), and serial connections (loT).
By moving to wireless, M2M communication has become considerably simpler, and more applications
can now be connected.

In general, cellular communication for embedded devices is often meant when someone mentions M2M
communication. In this instance, M2M communication examples include vending machines transmitting
inventory data or ATMs receiving authorization to dispense cash.
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— 6.3.6 Python

Simple object-oriented programming techniques and very effective high-level data structures are used in
the Python programming language. Dynamic typing and a very short and basic syntax are also used in
Python programming. You would be hard-pressed to find a better choice than Python if you want a
language for quick application development and scripting ina number of domains.

The interpretive aspect of Python programming is one of its main advantages. On all popular operating
systems, the Python interpreter and standard library run without issue and are available on the Python
website in binary or source form. The Python programming language is also available for free distribution,
and the same website also offers hints and links to more third-party tools, applications, modules, and
documentation.

Itis simple to add new data types or functions to the Python interpreter in C++, C, or any other language
that can be called from C. For adaptable applications, the Python programming language serves as an
extension.

Itisused for:
e Webdevelopment (server-side),
e Software development,
» Mathematics,

e Systemscripting.

— 6.3.7 Barcodes

A barcode is essentially a licence plate that connects to data files. All kinds of information can be
represented by these character strings. This information is encoded in barcode languages (symbologies)

for quick transfer through a scanner to a computer rather than physically writing and copying it. Each
symbology has a specific algorithm to uniformly encode and save these characters.

UPCis one of the most widely used barcode kinds (Universal Product Codes). Retail products are labelled
with the help of this barcode. AlImost every sale item in the market and in every grocery store in the US has
it. It is a 12-digit number with just numeric characters. The first six digits of the barcode are a unique
number that GS1 assigns to each product. The following five digits are assigned by the product's maker.
Each product has a distinct UPCthatis used by its producers to identify it.
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Fig. 6.3.4 Barcode description

They can digitally scan and trace the product with the use of these barcodes. The ability to scan these
barcodes to track mail and parcels is provided by many top-notch management programmes, like
PackageX. Users may simply monitor where their stuff is and when they will receive it. Other forms of
barcodes that are frequently used are:

1. Code39
2. Code128
3. GS1-128
4. Codabar
5. EAN-13and EAN-8

6. ITF-14
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— 6.3.8 Radio Frequency Identification (RFID)

RFID is the name given to a wireless technology that consists of two parts: tags and readers. A reader is an
electronic gadget with one or more antennas that transmit radio waves and take in signals from RFID tags.
Tags can be passive or active, using radio waves to transmit their identity and other information to
adjacent readers. Without a battery, passive RFID tags are powered by the reader. The batteries are used
to power active RFID tags.

RFID tags can contain a variety of data, ranging from a single serial number to many pages of information.
Readers can be fixed on a post or suspended from the ceiling, or they can be portable so they can be
carried by hand. Reader systems may also be included in the design of a cabinet, room, or structure.

Radio waves with a variety of frequencies are used by RFID systems to send data. RFID technology has the
following uses in medical facilities and healthcare facilities:

e Inventory control

e Equipmenttracking

e Out-of-bed detection and fall detection

e Personneltracking

e Ensuringthat patients receive the correct medications and medical devices
e Preventingthe distribution of counterfeit drugs and medical devices

¢ Monitoring patients

e Providing data for electronic medical records systems
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— Exercise

N

1. Explainthe functioning of the HMI System?
2. Explain whata Material Handling System is.
3. Namethe Conveyor Systems.

4. ExplaintheloT Architecture.
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— Key Learning Outcomes | {

By the end of this module, participants will be able to:

1. State the importance of work ethics and workplace etiquette.
2. State the importance of effective communication and interpersonal skills.
3. Explain ways to maintain discipline in the workplace.

4. Discuss the common reasons for interpersonal conflict and ways of managing them effectively.
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UNIT 7.1: Effective Communication and Coordination at Work

— Unit Objectives |©

By the end of this unit, participants will be able to:
1. Work effectively at the workplace.

2. Demonstrate practices related to gender and PwD sensitization.

— 7.1.1 Importance of Work Ethics and Workplace Etiquette

Workplace ethics are a set of moral and legal guidelines that organizations follow. These guidelines
influence the way customers and employees interact with an organization. Workplace ethics essentially
guide how an organization servesits clients and treats its employees.

For example, if a company seeks to fulfil the promises it makes, it may develop processes and set up a
robust support system to address this policy and build customer/client loyalty. To achieve this goal, the
company may implement specific incentive programs for employees to encourage them to produce high-
quality work and ensure the organization fulfils the promises it makes to its clients/ customers.

Many organizations, often the large ones, set detailed ethical codes to guide their operations and control
how the organizational processes impact the stakeholders. These ethics usually help organizations
maintain certain standards of responsibility, accountability, professionalism and among others, as they
navigate through different challenges and day-to-day circumstances. By following these guidelines,
organizations often experience several benefits thatimprove the lives of stakeholders, such as customers,
employees, leaders, etc.

Examples of Common Workplace Ethics

Accountability

Responsibility

Equality

Transparency

Trust

Fulfilling promises

Loyalty

Fairness

Cooperation

Dedication

S | W | WD | WD | WD | WD | W | W | W | W | W

Discipline

Professionalism

Fig. 7.1.1 Examples of Common Workplace Ethics
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Workplace ethics are essential for a successful organization with a satisfied and loyal team. High ethical
standards help in ensuring all stakeholders, such as customers, investors, employees, and other
individuals involved in the workplace operations, feel the organization is safeguarding their interests. By
creating and implementing ethical guidelines, organizations can keep the best interests of their
employeesin mind while maintaining a positive influence on those they impact through their processes.

As a result, employees maintain the organization’s best interests by being ethical in their daily work
duties. For example, fairly-treated employees of an organization who understand the organization’s
commitments to environmental sustainability are usually less likely to behave in a manner that causes
harm to the environment. Thus, they help maintain a positive publicimage of the organization. It means
that workplace ethics help in maintaining reciprocal relationships that benefit organizations at large and
theindividuals associated with and influenced by the organizational policies.

Benefits of Workplace Ethics

There are various benefits of implementing workplace ethics. When organizations hold themselves to
high ethical standards, leaders, stakeholders, and the general public can experience significant
improvements. Following are some of the key benefits of employing ethics in the workplace:

=l Employee satisfaction

ey Improved workplace culture

== Legal compliance

e Improved public reputation

e Customer engagement and loyalty

e Streamlined decision-making processes

Fig. 7.1.2 Benefits of Workplace Ethics




Mechatronics Designer
and System Integrator

— 7.1.2 Interpersonal Communication

Interpersonal communication is a process that involves sharing ideas and emotions with another person,
both - verbally and non-verbally. It is essential to interact effectively with others in both personal and
professional lives. In professional life or the workplace, strong interpersonal skills play a crucial role in
achieving effective collaboration with colleagues.

Interpersonal Skills

Interpersonal skills, in other terms, are known as people skills, which are used to communicate and
interact with others effectively. These are soft skills one uses to communicate with others and understand
them. One uses these skills in daily life while interacting with people.

Examples of Interpersonal Skills

Active listening
Teamwork
Responsibility
Dependability

Leadership

Flexibility

Patience

Empathy
Confilict resolution

Negotiation

Fig 7.1.3 Examples of Interpersonal Skills

Numerous interpersonal skills involve communication. Communication can be verbal, such as persuasion
or tone of voice — or non-verbal, such as listening and body language.

Importance of Interpersonal Skills

Interpersonal skills are essential for communicating and collaborating with groups and individuals in both
personal and professional life. People with strong interpersonal skills often are able to build good
relationships and also tend to work well with others. Most people often enjoy working with co-workers
who have good interpersonal skills.

Among other benefits of good interpersonal skills is the ability to solve problems and make the best
decisions. One can use the ability to understand others and good interpersonal communication skills to
find the best solution or make the best decisions in the interest of everyone involved. Strong
interpersonal skills help individuals work well in teams and collaborate effectively. Usually, people who
possess good interpersonal skills also tend to be good leaders, owing to their ability to communicate well
with others and motivate the people around them.
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Interpersonal communication is the key to working in a team environment and working collectively to

achieve shared goals. Following are the interpersonal communication skills that vital for success at work:
Verbal Communication

The ability to speak clearly, appropriately and confidently can help one communicate effectively with
others. Itisvitalto select the appropriate vocabulary and tone for the target audience.

For example — one should speak formally and professionally in the work environment, while informal
language is acceptable in an intimate environment with close friends and family. Also, one should avoid
using complex or technical language while communicating with an audience that may not be familiar with
it. Using simple language in a courteous tone helps achieve better communication, irrespective of the
audience.

Active Listening

Active listening is defined as the ability to pay complete or undivided attention to someone when they
speak and understand what they are saying. It is important for effective communication because without
understanding what the speaker is saying, it becomes difficult to carry forward a conversation. One
should ensure to use appropriate verbal and non-verbal responses, e.g. eye contact, nodding, or smiling,
to show interest in what the speaker says. Active listening is also about paying attention to the speaker’s
body language and visual cues. Asking and answering questions is one of the best ways to demonstrate an
interestin conversing with the other person.

Active listening is critical for communicating effectively without ambiguity. It helps one understand the
information or instructions being shared. It may also encourage co-workers to share their ideas, which
ultimately helps achieve collaboration.

Body Language

One’s expression, posture, and gestures are as important as verbal communication. One should practice
open body language to encourage positivity and trust while communicating. Open body language
includes - maintaining eye contact, nodding, smiling and being comfortable. On the other hand, one
should avoid closed body language, e.g. crossed arms, shifting eyes and restless behaviour.

Empathy

Empathy is the ability to understand the emotions, ideas and needs of others from their point of view.
Empathy is also known as emotional intelligence. Empathetic people are good at being aware of others’
emotions and compassionate when communicating with them. Being empathetic in the workplace can
be good to boost the morale of employees and improve productivity. By showing empathy, one can gain
the trustandrespect of others.

Conflict Resolution

One can use interpersonal communication skills to help resolve disagreements and conflicts in the
workplace. This involves the application of negotiation and persuasion skills to resolve arguments
between conflicting parties. Itis also important to evaluate and understand both sides of the argument by
listening closely to everyone involved and finding an amicable solution acceptable to all.

175
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Teamwork

Employees who communicate and work well in ateam often have better chances of achieving success and
common goals. Being ateam player can help one avoid conflicts and improve productivity. One can do this
by offering to help co-workers when required and asking for their feedback and ideas. When team
members give their opinions or advice, one should positively receive and react to the opinions/advice.
One should be optimisticand encouraging when working in groups.

Improving Interpersonal Skills

One can develop interpersonal skills by practising good communication and setting goals for
improvement. One should consider the following tips to improve their interpersonal skills:

e One should ask for feedback from co-workers, managers, family or friends to figure out what needs

improvement concerning their interpersonal skills.
e Onecanidentify the areas of interpersonal communication to strengthen by watching others.

e One can learn and improve interpersonal skills by observing co-workers, company leaders and
professionals who possess good interpersonal skills. This includes watching and listening to them to
note how they communicate and the body language used by them. It is vital to note their speed of
speaking, tone of voice, and the way they engage with others. One should practice and apply such
traitsintheir owninteractions and relationships.

e One should learn to control their emotions. If stressed or upset, one should wait until being calm to
have a conversation. One is more likely to communicate effectively and confidently when not under
stress.

e One can reflect on their personal and professional conversations to identify the scope of
improvement and learn how to handle conversations better or communicate more clearly. It helps to
consider whether one could have reacted differently in a particular situation or used specific words or
positive body language more effectively. It is also vital to note the successful and positive interactions
tounderstand why they are successful.

¢ One should practice interpersonal skills by putting oneself in positions where one can build
relationships and use interpersonal skills. For example, one can join groups that have organized
meetings or social events. These could be industry-specific groups or groups with members who
shareaninterest or hobby.

e Paying attention to family, friends and co-workers and making efforts to interact with them helps a
lot. One should complement their family, friends and co-workers on their good ideas, hard work and
achievements. Trying to understand someone’s interests and showing interest in knowing them can
help one build strong interpersonal skills. Offering to help someone, especially in difficult situations,
helps build stronger and positive workplace relationships.

e One should avoid distractions, such as a mobile phone, while interacting with someone. Giving
someone full attention while avoiding distractions helps achieve a clear exchange of ideas. By
listening with focus, one can understand and respond effectively.
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e One can attend appropriate courses on interpersonal skills or sign up for workshops at work to
improve interpersonal skills. One can find many resources online also, such as online videos.

« For personal mentoring, one can approach a trusted family member, friend, co-worker, or current/
former employer. A person one looks up to with respect and admires is often a good choice to be
selected asa mentor. One can even hire a professional career or communication coach.

Interpersonal communication skills often help one boost their morale, be more productive in the
workplace, complete team projects smoothly and build positive and strong relationships with co-
workers.

Good conflict resolution skills can help one contribute to creating a collaborative and positive work
environment. With the ability to resolve conflicts, one can earn the trust and respect of co-workers.
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UNIT 7.2: Working Effectively and Maintaining Discipline at Work

— Unit Objectives |©

By the end of this unit, participants will be able to:
1.

Discuss the importance of following organizational guidelines for dress code, time schedules,
language usage and other behavioural aspects.

. Explainthe importance of working as per the workflow of the organization to receive instructions and

report problems.

. Explain the importance of conveying information/instructions as per defined protocols to the

authorised persons/team members.

. Explain the common workplace guidelines and legal requirements on non-disclosure and

confidentiality of business-sensitive information.

. Describe the process of reporting grievances and unethical conduct such as data breaches, sexual

harassment at the workplace, etc.

. Discuss ways of dealing with heightened emotions of self and others.

— 7.2.1 Discipline at Work

Discipline is essential for organizational success. It helps improve productivity, reduce conflict and prevent
misconduct in the workplace. It is important to have rules concerning workplace discipline and ensure
that all employees comply with them. In the absence of discipline, a workplace may experience conflicts,
bullying, unethical behaviour and poor employee performance. An efficient workplace disciplinary
process helps create transparency in the organization. Benefits of disciplinary standards:

All employees follow the same rules which helps establish uniformity and equality
in the workplace

Managers and supervisors have defined guidelines on what action to take while

initiating disciplinary action

With well-defined and enforced disciplinary rules, an organization can avoid
various safety, security, rupational risks

Fig 7.2.1 Benefits of Disciplinary Standards

Maintaining an organized and cohesive workforce requires maintaining discipline in both personal and
professional behaviour. It is important to follow the appropriate measures to keep employees in line
without affecting their morale.
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Defining Discipline

The first and crucial step in maintaining workplace discipline is to define what is meant by discipline. It
helps to evaluate common discipline problems and devise guidelines for handling them effectively.

Among a number of areas, discipline usually covers:

Personal
‘ p | use of
A fme usein | ComPany
; assets
‘ Harassment the office
Company
processes
Dress code and
Deadlines procedures

Attendance

Fig 7.2.2 Examples of Workplace Discipline

According to demography and localissues, it may alsoinclude substance use and related issues.

Itis vital for a workplace to have an employee handbook or company policy guide, to serve as a rulebook
for employees to follow. The employee handbook/ company policy guide should be reviewed and
updated periodically according to any issues or areas, or concerns identified concerning workplace
discipline. Such manuals should also cover all the laws and regulations governing workplace behaviour.

Defining and documenting workplace rules aids in their implementation, ensuring little or no ambiguity.
All employees in a workplace should also have easy access to the workplace guidelines so that they can
refer to them to get clarity whenever required. To maintain discipline at work, it is also critical to ensure
uniform application of workplace guidelines to all employees without exception.

— 7.2.2 Employee Code of Conduct

The employee code of conduct manual serves as a guide for employees to inform them regarding the
behaviour expected from them at work. It helps create a good work environment with consistent
behaviour from employees. The manual should list examples of acceptable and not acceptable
behaviours at work. The code of conduct should be discussed with employees so that they have the
clarifications required.

For example, an organization may create guidelines concerning the conduct with clients to ensure no
contactis made with them except for business purposes, also prescribing the use of appropriate means of
communication.

Employees should have a clear understanding concerning their job responsibilities and the behaviour
expected from them with all stakeholders, e.g. company personnel, clients and associated third parties. It
is critical to have documented guidelines for employees to follow concerning all aspects of work.
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It should also document the disciplinary action to be followed in case of non-compliance, e.g. verbal and
then written warning, temporary suspension or eventual termination of service in case of repeated non-
compliance with the employee code of conduct. Employees should know what the company rules are and
what will happen if they break the rules. However, disciplinary action should be initiated only when
reasonably required to avoid its misuse for employee harassment.

There should also be an effective mechanism for employees to raise their concerns/ grievances and have
them addressed while maintaining privacy, as required, e.g. raising concerns regarding the behaviour of a
co-worker.

The employee code of conduct manual must be duly reviewed and approved by the concerned
stakeholders, such as the Human Resources (HR) department and company executives.

7.2.3 Interpersonal Conflicts

Interpersonal conflict is any type of conflict between two or more people. These are found in both -
personal and professional relationships - among friends, family, and co-workers. In the workplace,
interpersonal conflict is often observed when a person or group of people interfere with another person’s
attempts at completing assignments and achieving goals. It is critical to resolve conflicts in the workplace
to boost the morale of employees, repair working relationships among them, and improve customer
satisfaction.

Reasons for Workplace Conflicts

Workplace conflicts are often observed when two or more people have different points of view. This can
happen between managers, co-workers, or clients and customers. In general, interpersonal conflicts are
caused by alack of communication or unclear communication.

Some of the leading reasons for workplace conflicts are:
 Differenceinvalues
e Personality clashes
e Poorcommunication

Example of poor communication — if a manager reassigns a task to another employee without
communicating with the employee to whom it was originally assigned, interpersonal conflict can arise
among them. This may potentially make the first employee, i.e. who was originally assigned the task, feel
slighted and mistrusted by the manager. It may even cause animosity in the first employee toward the
employee who has now been assigned the task.
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Types of Interpersonal Conflict
Following are the four types of interpersonal conflicts:
1. Policy-related interpersonal conflict

When a conflict relates to a decision or situation that involves both parties, it can be called a policy-
related interpersonal conflict. Example — two people or groups working on the same project, trying to
adopt different approaches. To resolve policy-related interpersonal conflicts, the parties involved
should try to look for a win-win situation or make a compromise. This is especially critical to resolve
trivial issues so that work is not affected and common goals are achieved.

2. Pseudo-conflicts

Pseudo-conflict arises when two people or groups want different things and cannot reach an
agreement. Pseudo-conflicts usually involve trivial disagreements that tend to hide the root of the

issue.
3. Ego-related interpersonal conflicts

In ego conflicts, losing the argument may hurt or damage a person’s pride. Sometimes ego conflicts
arise when a number of small conflicts pile up on being left unresolved. To resolve ego-related conflicts,
it’s best to find the root of the issue and work towards a resolution.

4. Value-related interpersonal conflicts

Sometimes conflicts may occur between people when they have different value systems. Such conflicts
can be difficult to identify initially, making the people involved think the other party is being
disagreeable or stubborn, wherein they just have different values. Some co-workers may highly value
their personal/ family time after office that they may be unreachable to clients during non-office hours,
while others may place a high value on client satisfaction and may still be available for clients during
non-office hours. Conflict may arise among such people when they may be required to coordinate to
help a client during after-office hours. Value-related interpersonal conflicts are often difficult to settle
since neither party likes to compromise.

Resolving Interpersonal Conflicts

Conflicts are usually likely in the workplace; they can, however, be prevented. Often resolving
interpersonal conflicts through open communication helps build a stronger relationship, paving the
way for effective coordination and success. Some ways to resolve interpersonal conflict:

« Communication: A great way to resolve interpersonal conflicts is for the opposing parties to listen
to one another’s opinions and understand their viewpoints. Meeting in person and keeping the
conversation goal-oriented is important. One can have effective communication by following
some measures, e.g. staying on the topic, listening actively, being mindful of the body language,
maintaining eye contact, etc.
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e Active Listening: One should patiently listen to what the other person is saying without interrupting
or talking over them. It helps one display empathy and get to the root of the issue. Asking questions
to seek clarification when required helps in clear communication and conveys to the other person
that one is listening to them. Practising active listening is a great way to improve one’s
communication skills.

» Displaying Empathy: Listening attentively and identifying the anxieties/ issues of co-workers is a
great way to show empathy and concern. It is essential to understand their feelings and actions to
encourage honesty and avoid future conflict.

* Not Holding Grudges: With different types of people and personalities in a workplace, it is common
for co-workers to have conflicts. It is best to accept the difference in opinions and move on. Being
forgiving and letting go of grudges allows one to focus on the positive side of things and perform
better at work.

Work-related interpersonal conflicts can be complicated because different people have different
leadership styles, personality characteristics, job responsibilities and ways in which they interact. One
should learn to look above interpersonal conflicts, resolving them to ensure work goals and environment
are not affected.

— 7.2.4 Importance of Following Organizational Guidelines ——

Policies and procedures or organizational guidelines are essential for any organization. These provide a
road map for the operations of the organization. These are also critical in ensuring compliance with the
applicable laws and regulations by guiding the decision-making process and business operations.

Organizational guidelines help bring uniformity to the operations of an organization, which helps reduce
the risk of unwanted and unexpected events. These determine how employees are supposed to behave
atwork, which ultimately helps the business achieve its objectives efficiently.

However, organizational guidelines are ineffective and fail to serve their purpose if they are not followed.
Many people don’t like the idea of following and abiding by specific guidelines. Such people should be
made to understand the benefits of following the organizational guidelines. Some of the key benefits are
given below:

With well-defined organizational guidelines in place, no individual can act arbitrarily, irrespective of their
position in the organization. All individuals will know the pros and cons of taking certain actions and what
to expectin case of unacceptable behaviour. Benefits of following organizational guidelines:
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Consistent processes and structures: Organization guidelines help maintain consistency in
operations, avoiding any disorder. When all employees follow the organizational guidelines, an
organization can run smoothly. These ensure that people in different job roles operate as they are
supposed to, knowing what they are responsible for, what is expected of them, and what they can
expect from their supervisors and co-workers. With clarity in mind, they can do their jobs with
confidence and excellence. With every person working the way intended, it’s easy to minimise errors.

With all the staff following organizational guidelines, the organization has a better scope of using time
and resources more effectively and efficiently. This allows the organization to grow and achieve its
objectives.

Better quality service: By following organizational guidelines, employees perform their duties
correctly as per the defined job responsibilities. It helps enhance the quality of the organization’s
products and services, helping improve the organization’s reputation. Working with a reputable
organization, employees can take pride in their work and know they are contributing to the
reputation.

A safer workplace: When all employees follow organizational guidelines, it becomes easy to
minimise workplace incidents and accidents. It reduces the liabilities associated with risks for the
organization and limits the interruptions in operations. Employees also feel comfortable and safe in
the workplace, knowing their co-workers are ensuring safety at work by following the applicable
guidelines.

Different organizations may have different guidelines on dress code, time schedules, language usage, etc.
For example — certain organizations in a client-dealing business requiring employees to meet clients
personally follow a strict dress code asking their employees to wear formal business attire. Similarly,
organizations operating in specific regions may require their employees to use the dominant regional
language of the particular region to build rapport with customers and serve them better. Certain
organizations, such as banks, often give preference to candidates with knowledge of the regional
language during hiring.

Working hours may also differ from one organization to another, with some requiring employees to work
extra compared to others. One should follow the organizational guidelines concerning all the aspects of
the employment to ensure a cohesive work environment.




Mechatronics Designer
T
and System Integrator

— 7.2.5 Workflow

Workflow is the order of steps from the beginning to the end of a task or work process. In other words, it is

the way a particular type of work is organised or the order of stagesin a particular work process.

Workflows can help simplify and automate repeatable business tasks, helping improve efficiency and
minimise the room for errors. With workflows in place, managers can make quick and smart decisions
while employees can collaborate more productively.

Otherthanthe orderthat workflows create in a business, these have several other benefits, such as:

+ Identifying Redundancies: Mapping out work processes in a workflow allows one to get a clear, top-
level view of a business. It allows one to identify and remove redundant or unproductive processes.

Workflow gives greater insights into business processes. Utilizing such useful insights, one can improve
work processes and the bottom line of the business. In many businesses, there are many unnecessary and
redundant tasks that take place daily. Once an organization has insight into its processes while preparing
workflow, it can determine which activities are really necessary.

Identifying and eliminating redundant tasks creates value for a business. With redundant tasks and
processes eliminated, an organization can focus on what’simportant to the business.

e Increase in Accountability and Reduction in Micromanagement: Micromanagement often causes
problems in a business setting as most employees don’t like being micromanaged, and even many
managers don't like the practice. Micromanagement is often identified as one of the reasons why
people quit their job.

However, the need for micromanagement can be minimized by clearly mapping out the workflow. This
way, every individual in a team knows what tasks need to be completed and by when and who is
responsible for completing them. This makes employees more accountable also.

With clearly defined workflow processes, managers don’t have to spend much time micromanaging their
employees, who don’t have to approach the manager to know what the further steps are. Following a
workflow, employees know what is going on and what needs to be done. This, in turn, may help increase
the job satisfaction of everyone involved while improving the relationships between management and
employees.

e Improved Communication: Communication at work is critical because it affects all aspects of an
organization. There are instances when the main conflict in an organization originates from
miscommunication, e.g. the management and employees disagreeing on an aspect, despite pursuing
the same objectives. Poor communication isacommon workplace issue thatis often not dealt with.

This highlights why workflow is important. Workplace communication dramatically can increase with the
visibility of processes and accountability. It helps make the daily operations smoother overall.
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« Better Customer Service: Customers or clients are central to a business. Therefore, it is imperative to
find and improve ways to improve customer experience. Relying on outdated manual systems may
cause customer requests or complaints to be overlooked, with dissatisfied customers taking their
business elsewhere. However, following a well-researched and defined workflow can help improve
the quality of customer service.

By automating workflows and processes, an organization can also reduce the likelihood of human error.
This also helps improve the quality of products or services over time, resulting in a better customer
experience.

— 7.2.6 Following Instructions and Reporting Problems

All organizations follow a hierarchy, with most employees reporting to a manager or supervisor. For
organizational success, it is vital for employees to follow the instructions of their manager or supervisor.
They should ensure they perform their duties as per the given instructions to help achieve the common
objectives of the organization and deliver quality service or products. This consequently helps maintain
the reputation of the organization.

Itis alsoimportant to be vigilant and identify problems at work or with the organizational work processes.
One should deal with the identified within their limits of authority and report out of authority problems to
the manager/ supervisor or the concerned person for a prompt resolution to minimise the impact on
customers/clients and business.

— 7.2.7 Information or Data Sharing

Information or data s critical to all organizations. Depending on the nature of its business, an organization
may hold different types of data, e.g. personal data of customers or client data concerning their business
operations and contacts. It is vital to effective measures for the appropriate handling of different types of
data, ensuringits protection from unauthorized access and consequent misuse.

One should access certain data only if authorised to do so. The same is applicable when sharing data
which must be shared only with the people authorised to receive it to use it for a specific purpose as per
their job role and organizational guidelines. For example — one should be extra cautious while sharing
business data with any third parties to ensure they get access only to the limited data they need as per any
agreements with them. It is also critical to monitor how the recipient of the data uses it, which should
strictly be as per the organizational guidelines. It is a best practice to share appropriate instructions with
the recipient of data to ensure they are aware of the purpose with which data is being shared with them
and how they are supposed to use and handle it. Any misuse of data must be identified and reported
promptly to the appropriate person to minimise any damage arising out of data misuse.
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These days most organizations require their employees and business partners or associated third parties
to sign and accept the relevant agreement on the non-disclosure of business-sensitive information. In
simple terms, business-sensitive information is confidential information. It is proprietary business
information collected or created during the course of conducting business, including information about
the business, e.g. proposed investments, intellectual property, trade secrets, or plans for a merger and
information related toits clients. Business-sensitive information may sometimes also include information
regarding a business’s competitorsinanindustry.

The release of business: Sensitive information to competitors or the general public poses a risk to a
business. For example, information regarding plans for a merger could be harmful to a business if a
competitor gets accesstoit.

7.2.8 Reporting Issues at Work

Most organizations have defined guidelines on appropriate reporting processes to be followed for
reporting different types of issues. For example — one can report any grievances or dissatisfaction
concerning co-workers to their manager/supervisor, e.g. data breaches or unethical conduct. If the
concern is not addressed, then the employee should follow the organizational guidelines and hierarchy
forthe escalation of such issues that are not addressed appropriately.

For example: Any concern related to sexual harassment at the workplace should be escalated to the
concerned spokesperson, such as Human Resources (HR) representative, and if not satisfied with the
actiontaken, it should be reported to the senior management for their consideration and prompt action.

7.2.9 Dealing with Heightened Emotions

Humans are emotional beings. There may be occasions when one is overwhelmed by emotions and is
unable to suppress them. However, there may be situations when one must manage emotions well,
particularly at work.

Stress in one’s personal and professional life may often cause emotional outbursts at work. Managing
one’s emotions well, particularly the negative ones, is often seen as a measure of one’s professionalism.
Anger, dislike, frustration, worry, and unhappiness are the most common negative emotions experienced
atwork.

Ways to manage negative emotions at work:

e Compartmentalisation: It's about not confining emotions to different aspects of one’s life. For
example, not letting negative emotions from personal life affect work-life and vice versa. One should
try to leave personal matters and issues at home. One should train their mind to let go of personal
matters before reaching work. Similarly, one can compartmentalise work-related stresses so that
negative emotions from work don’t affect one’s personal life.
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« Deep breathing and relaxation: Deep breathing helps with anxiety, worry, frustration and anger. One
should take deep breaths, slowly count to ten - inhaling and exhaling until one calms down. One can
also take a walk to calm down or listen to relaxing music. Talking to someone and sharing concerns also
helps one calm down.

e The 10-second rule: This is particularly helpful in controlling anger and frustration. When one feels
their temper rising, they should count to 10 to calm down and recompose. If possible, one should
move away to allow temperto come down.

» Clarify: It is always good to clarify before reacting, as it may be a simple case of misunderstanding or
miscommunication.

« Physical activity: Instead of losing temper, one should plan to exercise, such as running or going to the
gym, to let the anger out. Exercise is also a great way to enhance mood and release any physical
tensioninthe body.

e Practising restraint: One should avoid replying or making a decision when angry, not allowing anger or
unhappinessto cloud one’s judgement. It may be best to pause any communication while one is angry,
e.g. notcommunicating over email when angry or upset.

* Knowing one’s triggers: It helps when one is able to recognise what upsets or angers them. This way,
one can prepare to remain calm and plan their reaction should a situation occur. One may even be able
to anticipate the other party’s reaction.

« Be respectful: One should treat their colleagues the same way one would like to be treated. If the
other person is rude, one need not reciprocate. It is possible to stay gracious, firm and assertive
without being aggressive. Sometimes, rude people back away when they don’t get a reaction from the
persontheyare arguing with.

« Apologise for any emotional outburst: Sometimes, one can get overwhelmed by emotions, reacting
with an emotional outburst. In such a case, one should accept responsibility and apologise
immediately to the affected persons without being defensive.

e Doing away with negative emotions: It is recommended to let go of anger, frustration and
unhappiness at the end of every workday. Harbouring negative emotions affects one emotionally,
affecting their job performance also. Engaging in enjoyable activities after work is a good stress
reliever.
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UNIT 7.3: Maintaining Social Diversity at Work

— Unit Objectives |©

By the end of this unit, participants will be able to:
1. Explainthe conceptandimportance of gender sensitivity and equality.

2. Discuss ways to create sensitivity for different genders and Persons with Disabilities (PwD).

— 7.3.1 Gender Sensitivity

Gender sensitivity is the act of being sensitive towards people and their thoughts regarding gender. It
ensures that people know the accurate meaning of gender equality, and one’s gender should not be given
priority over their capabilities.

Fig 7.3.1 Gender Equality

Women are an important source of labour in many sectors, yet they have limited access to resources and
benefits. Women should receive the same benefits and access to resources as men. A business can
improve its productivity and quality of work by providing better support and opportunities to women.

Important Terms:

¢ Gender Sensitivity: Gender sensitivity is the act of being sensitive to the ways people think about
gender.

¢ Gender Equality: It means persons of any gender enjoy equal opportunities, responsibilities, and
rightsin all areas of life.

¢ Gender Discrimination: It means treating an individual unequally or disadvantageously based on
their gender, e.g. paying different wages to men and women for similar or equal job positions.

-
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Strategies for Enhancing Gender Equity

To enhance gender equity, one should:
* Follow gender-neutral practices at all levels at work.
» Participate togetherin decision-making.
e Helpinpromoting women’s participation in different forums.
» Assistwomenin getting exposure to relevant skills and practices.
e Assistwomen in capacity building by mentoring, coaching or motivating them, as appropriate.
e Assistinthe formation and operation of women support groups.
e Assistintheimplementation of women-centric programmes.
e Combinetechnical training with reproductive health and nutrition for coffee farming households.

e Assistin making awork environment thatis healthy, safe, and free from discrimination.

Bridging Gender Differences

Men and women react and communicate very differently. Thus, there are some work differences as both
genders have their style and method of handling a situation.

Although, understanding and maturity vary from person to person, even between these genders, based
on their knowledge, education, experience, culture, age, and upbringing, as well as how one’s brain

functions over a thought or problem.

In order to bridge the gap, one should:
* Not categorize allmenand womenin one way.

e Be aware of the verbal and non-verbal styles of communication of every gender to avoid any
miscommunication and work better.

e Beaware of partial behaviour and avoid it.

e Encourage co-workers of different genders to make room by providing space to others.

Ways to reduce Gender Discrimination
» Effective steps against sexual harassment by the concerned authoritiesand general public.

e Gender stereotypes are how society expects people to act based on their gender. This can only be
reduced by adopting appropriate behaviour and the right attitude.

» Objectification of females must be abolished.
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Ways to Promote Gender Sensitivity in the Workplace
e Practices that promote gender diversity should be adopted and promoted.
« Allgendersshould receive equal responsibilities, rights, and privileges.
« Allgendersshould have equal pay for similar or the same job roles/ positions.
 Strictand effective workplace harassment policies should be developed and implemented.

e An open-minded and stress-free work environment should be available to all the employees,
irrespective of their gender.

* Womenshould be encouraged to go ahead in every field of work and assume leadership roles.
e Followappropriate measures for women’s empowerment.

e Menshould be taught to be sensitive to women and mindful of their rights.

— 7.3.2 PwD Sensitivity

Some individuals are born with a disability, while others may become disabled due to an accident, illness
or as they get old. People with Disabilities (PwD) may have one or more areas in which their functioning is
affected. A disability can affect hearing, sight, communication, breathing, understanding, mobility,
balance, and concentration or may include the loss of a limb. A disability may contribute to how a person
feels and affect their mental health.

Important Terms

e Persons with Disabilities (PwD): Persons with Disabilities means a person suffering from not less
than 40% of any disability as certified by a medical authority.

» Types of Disability:
a. Blindness—Visually impaired
b. Low Vision
c. Leprosy Cured
d. Hearingimpairment
e. Locomotor disability
f. Mentalretardation

g. Mentalillness

PwD Sensitivity: PwD sensitivity promotes empathy, etiquette and equal participation of individuals and
organizations while working with individuals with a disability, e.g. sensory, physical or intellectual.
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Ways to be PwD Sensitive

To be sensitive to PwD, one should:

Be respectful to all Persons with Disabilities (PwD) and communicate in a way that reflects PwD
sensitivity.

Always be supportive and kind towards a PwD with their daily chores.

Be ready to assist a PwD to help them avail of any benefit/ livelihood opportunity/ training or any
kind that helps them grow.

Encourage and try to make things easier and accessible to PwD so that they can work without or with
minimum help.

Protest where feasible and report any wrong act/behaviour against any PwD to the appropriate
authority.

Learnandfollow the laws, acts, and policies relevant to PwD.

Appropriate Verbal Communication

As part of appropriate verbal communication with all genders and PwD, one should:

Talk to all genders and PwD respectfully, maintaining a normal tone of voice with appropriate
politeness. It is important to ensure one’s tone of voice does not have hints of sarcasm, anger, or
unwelcome affection.

Avoid being too self-conscious concerning the words to use while also ensuring not to use words that
imply one’s superiority over the other.

Make no difference between a PwD and their caretaker. Treat PwD like adults and talk to them
directly.

Ask a PwD if they need any assistance instead of assuming they need it and offering assistance
spontaneously.

Appropriate Non-verbal Communication

Non-verbal communication is essentially the way someone communicates through their body language.
Theseinclude:

Facial expressions: The human face is quite expressive, capable of conveying many emotions without
using words. Facial expressions must usually be maintained neutral and should change according to
thesituation, e.g. smile as a gesture of greeting.

Body posture and movement: One should be mindful of how to sit, stand, walk, or hold their head.
For example - one should sit and walk straight in a composed manner. The way one moves and carries
self, communicates a lot to others. This type of non-verbal communication includes one’s posture,
bearing, stance, and subtle movements.
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Gestures: One should be very careful with their gestures, e.g. waving, pointing, beckoning, or using
one’s hands while speaking. One should use appropriate and positive gestures to maintain respect
for the other person while being aware that a gesture may have different meanings in different
cultures.

Eye contact: Eye contact is particularly significant in non-verbal communication. The way someone
looks at someone else may communicate many things, such as interest, hostility, affection or
attraction. Eye contact is vital for maintaining the flow of conversation and for understanding the
other person’s interest and response. One should maintain appropriate eye contact, ensuring not to
stare or look over the shoulders. To maintain respect, one should sit or stand at the other person’s
eye level to make eye contact.

Touch: Touch is a very sensitive type of non-verbal communication. Examples are - handshakes,
hugs, pat on the back or head, gripping the arm, etc. A firm handshake indicates interest, while a
weak handshake indicates the opposite. One should be extra cautious not to touch others
inappropriately and avoid touching them inadvertently by maintaining a safe distance.

Rights of PwD

PwD have the right to respect and human dignity. Irrespective of the nature and seriousness of their

disabilities, PwD have the same fundamental rights as others, such as:

Disabled persons have the same civil and political rights as other people

Disabled persons are entitled to the measures designed to enable them to become as self-
dependent as possible

Disabled persons have the right to economic and social security

Disabled persons have the right to live with their families or foster parents and participate in all
social and creative activities.

Disabled persons are protected against all exploitation and treatment of discriminatory and abusive
nature.

Making Workplace PwD Friendly

One should not make PwD feel uncomfortable by giving too little or too much attention

One should use a normal tone while communicating with a PwD and treat them as all others keeping
in mind their limitations and type of disability

Any help should be provided only when asked for by a PwD

Oneshould help in ensuring the health and well-being of PwD.




Participant Handbook

Expected Employer Behaviour
Some of the common behavioural traits that employees expect from their employers are:

e Cooperation: No work is successful without cooperation from the employer’s side. Cooperation helps
to understand the job role better and complete it within the given timeline.

* Polite language: Polite language is always welcomed at work. This is a basic aspect that everybody
expects.

» Positive Attitude: Employers with a positive attitude can supervise the work of the employees and act
as a helping hand to accomplish the given task. A person with a positive attitude looks at the best
qualitiesin others and helps them gain success.

e Unbiased behaviour: Employers should always remain fair towards all their employees. One should
not adopt practices to favour one employee while neglecting or ignoring the other. This might create
animosity among co-workers.

* Decentbehaviour: The employer should neverimproperly present oneself before the employee. One
should always respect each other’s presence and behave accordingly. The employer should not speak
oractinamannerthat may make the employee feel uneasy, insulted, and insecure.
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— Exercise

1. Listdownthree examples of workplace ethics.

2. Listdownthree examples of interpersonal skills.

3. Identify two reasons for workplace conflicts.

4. Identify two ways of resolving interpersonal conflicts.

5. Listdowntwo ways of dealing with heightened emotions at work.

6. Listdowntwotypesof non-verbal communication.4. Basic Health and Safety Practices.
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— Notes







8. Basic Health and
Safety Practices

Unit 8.1 - Workplace Hazards
Unit 8.2 - Fire Safety

Unit 8.3 - First Aid

Unit 8.4 - Waste Management
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— Key Learning Outcomes | {

By the end of this module, participants will be able to:

Discuss job-site hazards, risks and accidents.

Explain the organizational safety procedures for maintaining electrical safety, handling tools and
hazardous materials.

Describe how to interpret warning signs while accessing sensitive work areas.

Explain the importance of good housekeeping.

Describe the importance of maintaining appropriate postures while lifting heavy objects.
List the types of fire and fire extinguishers.

Describe the concept of waste management and methods of disposing of hazardous waste.
List the common sources of pollution and ways to minimize them.

Elaborate on electronic waste disposal procedures.

. Explain how the administer appropriate first aid to victims in case of bleeding, burns, choking, electric

shock, poisoning and also administer first aid to victims in case of a heart attack or cardiac arrest due
to electricshock.
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UNIT 8.1: Workplace Hazards

— Unit Objectives |©

By the end of this unit, participants will be able to:
1. Discuss job-site hazards, risks and accidents.

2. Explain the organizational safety procedures for maintaining electrical safety, handling tools and
hazardous materials.

Describe how to interpret warning signs while accessing sensitive work areas.
Explainthe importance of good housekeeping.

Describe the importance of maintaining appropriate postures while lifting heavy objects.

o v A w

Explain safe handling of tools and Personal Protective Equipment to be used.

— 8.1.1 Workplace Safety

Workplace safety is important to be established for creating a safe and secure working for the workers.
The workplace has to be administered as per the rules of the Occupational Safety and Health
Administration (OSHA). It refers to monitoring the working environment and all hazardous factors that
impact employees' safety, health, and well-being. Itisimportant to provide a safe working environment to
the employees toincrease their productivity, wellness, skills, etc.

The benefits of workplace safety are:
e Employee retentionincreasesif they are provided with a safe working environment.
e Failureto follow OSHA's laws and guidelines can resultin significant legal and financial consequences.
e Asafeenvironment enables employeesto stay invested in their work and increases productivity.

¢ Employer branding and company reputation can both benefit from a safe working environment.

— 8.1.2 Workplace Hazards

A workplace is a situation that has the potential to cause harm or injury to the workers and damage the
tools or property of the workplace. Hazards exist in every workplace and can come from a variety of
sources. Finding and removing themis animportant component of making a safe workplace.

Common Workplace Hazards
The common workplace hazards are:

* Biological: The threats caused by biological agents like viruses, bacteria, animals, plants, insects and
alsohumans, are known as biological hazards.
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e Chemical: Chemical hazard is the hazard of inhaling various chemicals, liquids and solvents. Skin
irritation, respiratory system irritation, blindness, corrosion, and explosions are all possible health
and physical consequences of these dangers.

* Mechanical: Mechanical Hazards comprise the injuries that can be caused by the moving parts of
machinery, plant or equipment.

e Psychological: Psychological hazards are occupational hazards caused by stress, harassment, and
violence.

e Physical: The threats that can cause physical damage to people is called physical hazard. These
include unsafe conditions that can cause injury, iliness and death.

e Ergonomic: Ergonomic Hazards are the hazards of the workplace caused due to awkward posture,
forceful motion, stationary position, direct pressure, vibration, extreme temperature, noise, work
stress, etc.

Workplace Hazards Analysis

Aworkplace hazard analysis is a method of identifying risks before they occur by focusing on occupational
tasks. It focuses on the worker's relationship with the task, the tools, and the work environment. After
identifying the hazards of the workplace, organisations shall try to eliminate or minimize them to an
acceptable level of risk.

Control Measures of Workplace Hazards

Control measures are actions that can be taken to reduce the risk of being exposed to the hazard.
Elimination, Substitution, Engineering Controls, Administrative Controls, and Personal Protective
Equipmentare the five general categories of control measures.

e Elimination: The most successful control technique is to eliminate a specific hazard or hazardous
work procedure or prevent it from entering the workplace.

e Substitution: Substitution is the process of replacing something harmful with something less
hazardous. While substituting the hazard may not eliminate all of the risks associated with the
process or activity, it will reduce the overall harm or health impacts.

« Engineering Controls: Engineered controls protect workers by eliminating hazardous situations or
creating a barrier between the workerand the hazard, or removing the hazard from the person.

* Administrative Controls: To reduce exposure to hazards, administrative controls limit the length of
time spent working on a hazardous task that might be used in combination with other measures of
control.

e Personal Protective Equipment: Personal protective equipment protects users from health and
safety hazards at work. Itincludes items like safety helmets, gloves, eye protection, etc.
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A drone technician may require to repair the propeller, motor and its mount, battery, mainboards,
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1.3 Risk for a Drone Technician

processor, booms, avionics, camera, sensors, chassis, wiring and landing gear. A technician may face some
risks while repairing the drones’ equipment.

Thetechnicianis susceptible to being physically harmed by propellers.
Direct contact with exposed electrical circuits can injure the person.
If the skin getsin touch with the heat generated from electric arcs, it burns the internal tissues.

Major electrical injuries can occur due to poorly installed electrical equipment, faulty wiring,
overloaded or overheated outlets, use of extension cables, incorrect use of replacement fuses, use of
equipment with wet hands, etc.

— 8.

1.4 Workplace Warning Signs

A Hazard sign is defined as ‘information or instruction about health and safety at work on a signboard, an

illuminated sign or sound signal, a verbal communication or hand signal.

There are four different types of safety signs:

1.

Prohibition / Danger Alarm Signs
Mandatory Signs
Warning Signs

And Emergency

Prohibition Signs

A "prohibition sign" is a safety sign that prohibits behaviour that is likely to endanger one's health or
safety. The colour red is necessary for these health and safety signs. Only what or who is forbidden
should be displayed on a restriction sign.

NO ENTRY DO NOT USE
AUTHORISED
PERSONS ONLY TELEPHONES

NO NAKED NO SMOKING
FLAMES IN THIS AREA

Fig. 8.1.1. Prohibition warning signs
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2. Mandatory Signs

Mandatory signs give clear directions that must be followed. The icons are white circles that have been
reversed out of a blue circle. On a white background, the text is black.

®0

EYE PROTECTION HOEAFgN% DUST MASK
MUST BE WORN Ll L 8 MUST BE WORN
IN THIS AREA IN THIS AREA IN THIS AREA

HIGH VISIBILITY
HEAD PROTECTION || FOOT PROTECTION CLOTHING OR VEST
MUST BE WORN MUST BE WORN MUST BE Vel
IN THIS AREA IN THIS AREA IN THIS AREA

Fig. 8.1.2. Mandatory signs
3. Warning Signs

Warning signs are the safety information communication signs. They are shown as a ‘yellow colour

triangle’.

Danger
Electric shock risk

Danger
Compressed gas

Danger Caution

High voltage A Mind the step
Danger - Caution

Toxic Mind your head
Danger Caution

A Harmful fumes Slippery surface
Danger Caution

(QS Fire risk Z i 5 Automatic door

Danger
H flammable
A O ateria)

LPG
Highly flammable

Danger
& Flammable liquid

Fig. 8.1.3. Warning signs
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4. Emergency Signs

The location or routes to emergency facilities are indicated by emergency signs. These signs have a
green backdrop with a white emblem or writing. These signs convey basic information and frequently
refer to housekeeping, company procedures, or logistics.

2 ]
+§>

Fig. 8.1.4. Emergency signs

— 8.1.5 Cleanliness in the Workplace

Workplace cleanliness maintenance creates a healthy, efficient and productive environment for the
employees. Cleanliness at the workplace is hindered by some elements like cluttered desks, leftover food,
waste paper, etc. A tidy workplace is said to improve employee professionalism and enthusiasm while
also encouraging a healthy working environment.

Benefits of cleanliness in the workplace:

1. Productivity: Cleanliness in the workplace can bring a sense of belonging to the employees, also
motivating and boosting the morale of the employees. This results in increasing their productivity.

2. Employee Well-being: Employee well-being can be improved by providing a clean work environment.
Employees use fewer sick days in a workplace where litter and waste are properly disposed of, and
surfaces are cleaned regularly, resulting inincreased overall productivity.

3. Positive Impression: Cleanliness and orderliness in the workplace provide a positive impression on
both employees and visitors.

4. Cost saving: By maintaining acceptable levels of cleanliness in the workplace, businesses can save
money on cleaning bills and renovations, which may become necessary if the premises are not

properly kept.
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Reasons for Cleaning the Workplace
e Cleaningofdryfloors, mostly to prevent workplace slips and falls.
« Disinfectants stop bacteriaintheir tracks, preventing the spread of infections and illness.
e Properairfiltration decreases hazardous substance exposures such as dust and fumes.
 Lightfixture cleaningimproves lighting efficiency.

e Using environmentally friendly cleaning chemicals that are safer for both personnel and the

environment.

e Workenvironments are kept clean by properly disposing of garbage and recyclable items.

— 8.1.6 Lifting and Handling of Heavy Loads

Musculoskeletal Injuries (MSls), such as sprains and strains, can occur while lifting, handling, or carrying
objects at work. When bending, twisting, uncomfortable postures and lifting heavy objects are involved,
the risk of injury increases. Ergonomic controls can help to lower the risk of injury and potentially prevent
it.
Types of injuries caused while lifting heavy objects:

e Cutsandabrasions are caused by rough surfaces.

e Crushingoffeetor hands.

e Strainto muscles and joints.

Fig. 8.1.5. Lifting loads technique
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Preparing to Lift

Aload that appears light enough to bear at first will grow increasingly heavier as one carries it further. The
person carrying the weight should be able to see over oraround it at all times.

The amount of weight a person can lift, depends on their age, physique, and health.
Italso depends onwhether or notthe personis used to lifting and moving hefty objects.
Common Causes of Back Injuries
The Most Common Causes of Back Injuries are:
1. Inadequate Training: The individual raising the load receives no sufficient training or guidance.

2. Lack of awareness of technique: The most common cause of back pain is incorrect twisting and
posture, which causes back strain.

3. Load size: The load size to consider before lifting. If the burden is too much for one’s capacity or
handling, their back may be strained and damaged.

4. Physical Strength: Depending on their muscle power, various persons have varied physical strengths.
One must be aware of their limitations.

5. Teamwork: The operation of a workplace is all about working together. When opposed to a single
person lifting a load, two people can lift it more easily and without difficulty. If one of two peopleisn't
lifting it properly, the other or both of them will suffer back injuries as a result of the extra strain.

Technique Demonstration

1. Ensure one has a wide base of support before lifting
the heavy object. Ensure one’s feet are shoulder-width
apart, and one foot is slightly ahead of the other at all
times. This will help one maintain a good balance during
the lifting of heavy objects. This is known as the Karate
Stance.

2. Squat down as near to the object as possible when one is
ready to lift it, bending at the hips and knees with the
buttocks out. If the object is really heavy, one may wish to
place one leg on the floor and the other bent at a straight
angle in front of them.
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4. By straightening one’s hips and knees, slowly elevate
the thing (not the back). As one rises, they should extend
their legs and exhale. Lift the heavy object without
twistingthe body or bending forward.

5. Do not lift bending forward.

6. Hold the load close to the body.

7. Never lift heavy objects above the shoulder
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7. Never lift heavy objects above the shoulder

8. Use the feet (not the body) to change direction, taking
slow, small steps.

9. Set down the heavy object carefully, squatting with
the knees and hips only.

Table 8.1.1 Techniques for lifting heavy objects’

Source:https://www.braceability.com/blogs/articles/7-proper-heavy-lifting-techniques

— 8.1.7 Safe Handling of Tools

Workers should be trained on how to use tools safely. When tools are misplaced or handled incorrectly by
workers, they can be dangerous. The following are some suggestions from the National Safety Council for
safetool handlingwhen theyare notin use:

* Never carry tools up or down a ladder in a way that makes it difficult to grip them. Instead of being
carried by the worker, tools should be lifted up and down using a bucket or strong bag.

e Tools should never be tossed but should be properly passed from one employee to the next. Pointed
tools should be passed with the handles facing the receiver orin their carrier.

e When turning and moving around the workplace, workers carrying large tools or equipment on their
shoulders should pay particular attention to clearances.

e Pointed tools such as chisels and screwdrivers should never be kept in a worker's pocket. They can be
carriedin atoolbox, pointing down in a tool belt or pocket tool bag, orin hand with the tip always held

away from the body.
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» Tools should always be stored while not in use. People below are put in danger when tools are left
sitting around on an elevated structure, such as a scaffold. In situations when there is a lot of vibration,
thisriskincreases.

— 8.1.8 Personal Protective Equipment

Personal Protective Equipment, or "PPE," is equipment worn to reduce exposure to risks that might result
in significant occupational injuries or illnesses. Chemical, Radiological, Physical, Electrical, Mechanical,
and other job dangers may cause these injuries and diseases.

PPE used for protection from the following injuries are:

Injury Protection Protection
Head Injury Falling or flying objects, stationary
Protection objects, or contact with electrical

wires can cause impact, penetration,
and electrical injuries. Hard hats can
protect one’s head from these
injuries. A common electrician's hard
hat is shown in the figure below. This
hard hat is made of nonconductive
plastic and comes with a set of safety

goggles.

Foot and Leg In addition to foot protection and
Injury Protection | safety shoes, leggings (e.g., leather)
can guard against risks such as falling
or rolling objects, sharp objects, wet
and slippery surfaces, molten metals,
hot surfaces, and electrical hazards.

Eye and Face Spectacles, goggles, special helmets
Injury Protection | or shields, and spectacles with side
shields and face shields can protect
against the hazards of flying
fragments, large chips, hot sparks,
radiation, and splashes from molten
metals. They also offer protection
from particles, sand, dirt, mists, dust,
and glare.
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Protection
against Hearing
Loss

Hearing protection can be obtained
by wearing earplugs or earmuffs. High
noise levels can result in permanent
hearing loss or damage, as well as
physical and mental stress. Self-
forming earplugs composed of foam,
waxed cotton, or fibreglass wool
usually fit well. Workers should be
fitted for moulded or prefabricated
earplugs by a specialist.

Hand Injury
Protection

Hand protection will aid workers who
are exposed to dangerous substances
by skin absorption, serious wounds,
or thermal burns. Gloves are a
frequent protective clothing item.
When working on electrified circuits,
electricians frequently use leather
gloves with rubber inserts. When
stripping cable with a sharp blade,
Kevlar gloves are used to prevent
cuts.

Whole Body
Protection

Workers must protect their entire
bodies from risks such as heat and
radiation. Rubber, leather, synthetics,
and plastic are among the materials
used in whole-body PPE, in addition
to fire-retardant wool and cotton.
Maintenance staff who operate with
high-power sources such as
transformer installations and motor-
control centres are frequently obliged
to wear fire-resistant clothes.

Table 8.1.2 Personal protective equipment
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UNIT 8.2: Fire Safety

Unit Objectives |©

By the end of this unit, participants will be able to:
1. Listthe types of fire and fire extinguishers.

— 8.2.1 Fire Safety

Fire safety is a set of actions aimed at reducing the amount of damage caused by fire. Fire safety
procedures include both those that are used to prevent an uncontrolled fire from starting and those that
are used to minimise the spread and impact of a fire after it has started. Developing and implementing fire
safety measures in the workplace is not only mandated by law but is also essential for the protection of
everyone who may be presentin the building during a fire emergency.
The basic Fire Safety Responsibilities are:

* Toidentifyrisks onthe premises, a fire risk assessment must be carried out.

e Ascertain that fire safety measures are properly installed.

e Prepareforunexpected events.

» Firesafetyinstructions andtraining should be provided to the employees.

— 8.2.2 Respond to a Workplace Fire

»  Workplace fire drills should be conducted on aregular basis.
e Ifonehasamanualalarm, they should raiseit.

» Closethe doors and leave the fire-stricken area as soon as possible. Ensure that the evacuation is quick
and painless.

e Turnoff dangerous machines and don't stop to get personal items.
e Assemble atacentrallocation. Ascertain that the assembly pointis easily accessible to the employees.

e Ifone’s clothing catches fire, one shouldn't rush about it. They should stop and descend on the ground
androll to smother the flames if their clothes catch fire.

o
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— 8.2.3 Fire Extinguisher

Fire extinguishers are portable devices used to put out small flames or minimise their damage until fire-
fighters arrive. These are maintained on hand in locations such as fire stations, buildings, workplaces,
public transit, and soon. The types and quantity of extinguishers that are legally necessary for a given
region are determined by the applicable safety standards.

Types of fire extinguishers are:
There are five main types of fire extinguishers:
1. Water.
2. Powder.
3. Foam.
4. Carbon Dioxide (Co2).

5. Wet chemical.

1. Water: Water fire extinguishers are one of the most common commercial
and residential fire extinguishers on the market. They're meant to be used on
class-Aflames.

2. Powder: The L2 powder fire extinguisher is the most commonly
recommended fire extinguisher in the Class D Specialist Powder category,
andis designed to put out burning lithium metal fires.

"foam" printed on it. They're mostly water-based, but they also contain a
foaming component that provides a quick knock-down and blanketing effect
on flames. It suffocates the flames and seals the vapours, preventing re-
ignition.

4. Carbon Dioxide (Co2): Class B and electrical fires are extinguished with
carbon dioxide extinguishers, which suffocate the flames by removing
oxygen from the air. They are particularly beneficial for workplaces and
workshops where electrical fires may occur since, unlike conventional
extinguishers, they do not leave any toxins behind and hence minimise

’.’/
g
3. Foam: Foam extinguishers are identified by a cream rectangle with the word i

equipment damage.
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5. Wet Chemical: Wet chemical extinguishers are designed to put out fires that
are classified as class F. They are successful because they can put out

extremely high-temperature fires, such as those caused by cooking oils and
fats.
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UNIT 8.3: First Aid

— Unit Objectives |©

By the end of this unit, participants will be able to:

1. Explain how the administer appropriate first aid to victims in case of bleeding, burns, choking, electric
shock, poisoning.

2. Explain how to administer first aid to victims in case of a heart attack or cardiac arrest due to electric
shock.

— 8.3.1 First Aid

First aid is the treatment or care given to someone who has sustained an injury or disease until more

advanced care can be obtained or the person recovers.

The aim of firstaid is to:
e Preservelife
e Preventthe worsening of asickness orinjury
e Ifatallpossible, relieve pain
» Encouragerecovery
e Keeptheunconscious safe.

First aid can help to lessen the severity of an injury or disease, and in some situations, it can even save a
person's life.

— 8.3.2 Need for First Aid at the Workplace

* In the workplace, first aid refers to providing immediate care and life support to persons who have
beeninjured or become unwell at work.

e Manytimes, firstaid can help to lessen the severity of an accident or disease.

e Itcanalsohelp aninjured or sick person relax. In life-or-death situations, prompt and appropriate first
aid can make all the difference.
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— 8.3.2 Need for First Aid at the Workplace

In the workplace, first aid refers to providing immediate care and life support to persons who have been
injured or become unwell at work.

Many times, first aid can help to lessen the severity of an accident or disease.

It can also help aninjured or sick person relax. In life-or-death situations, prompt and appropriate first aid
can make all the difference.

— 8.3.3 Treating Minor Cuts and Scrapes
Steps to keep cuts clean and prevent infections and scars:

e Wash Hands: Wash hands first with soap and water to avoid introducing bacteria into the cut and
causing aninfection. One should use the hand sanitiser if oneis on the go.

e Stop the bleeding: Using a gauze pad or a clean towel, apply pressure to the wound. For a few
minutes, keep the pressure on.

¢ Clean Wounds: Once the bleeding has stopped, clean the wound by rinsing it under cool running
water or using a saline wound wash. Use soap and a moist washcloth to clean the area around the
wound. Soap should not be used on the cut since it may irritate the skin. Also, avoid using hydrogen
peroxide oriodine, as these may aggravate the wound.

¢ Remove Dirt: Remove any dirt or debris from the area. Pick out any dirt, gravel, glass, or other
material in the cut with a pair of tweezers cleaned with alcohol.

— 8.3.4 Heart Attack

When the blood flow carrying oxygen to the heart is blocked, a heart attack occurs. The heart muscle runs
out of oxygen and starts to die.

Symptoms of a heart attack can vary from person to person. They may be mild or severe. Women, older
adults, and people with diabetes are more likely to have subtle or unusual symptoms.

Symptomsinadults mayinclude:
e Changesin mental status, especially in older adults.

e Chest pain that feels like pressure, squeezing, or fullness. The pain is most often in the centre of the
chest. It may also be felt in the jaw, shoulder, arms, back, and stomach. It can last for more than a few
minutes or come and go.

e Coldsweat.
e Light-headedness.
* Nausea(morecommoninwomen).

* Indigestion.

.
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Vomiting.

Numbness, aching or tingling in the arm (usually the left arm, but the right arm may be affected
alone, or along with the left).

Shortness of breath.

Weakness or fatigue, especially in older adults and in women.

First Aid for Heart Attack

If one thinks someone is experiencing a heart attack, they should:

Have the person sit down, rest, and try to keep calm.
Loosen any tight clothing.

Ask if the person takes any chest pain medicine, such as nitro-glycerine for a known heart condition,
and help themtakeit.

If the pain does not go away promptly with rest or within 3 minutes of taking nitro-glycerine, call for
emergency medical help.

If the person is unconscious and unresponsive, call 911 or the local emergency number, then begin
CPR.

If an infant or child is unconscious and unresponsive, perform 1 minute of CPR, then call 911 or the
local emergency number.
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UNIT 8.4: Waste Management

— Unit Objectives |©@

By the end of this unit, participants will be able to:
1. Describe the concept of waste management and methods of disposing of hazardous waste.
2. Listthe common sources of pollution and ways to minimize them.

3. Elaborate on electronic waste disposal procedures.

— 8.4.1. Waste Management and Methods of Waste Disposal —

The collection, disposal, monitoring, and processing of waste materials is known as waste management.
These wastes affect living beings’ health and the environment. For reducing their effects, they have to be
managed properly. The wasteis usuallyinsolid, liquid or gaseous form.

The importance of waste management is:

Waste management is important because it decreases waste's impact on the environment, health, and
other factors. It can also assist in the reuse or recycling of resources like paper, cans, and glass. The
disposal of solid, liquid, gaseous, or dangerous substances is the example of waste management.

When it comes to trash management, there are numerous factors to consider, including waste disposal,
recycling, waste avoidance and reduction, and garbage transportation. Treatment of solid and liquid
wastes is part of the waste management process. It also provides a number of recycling options for goods
thataren't classified as garbage during the process.

— 8.4.2 Methods of Waste Management

Non-biodegradable and toxic wastes, such as radioactive remains, can cause irreversible damage to the
environment and human health if they are not properly disposed of. Waste disposal has long been a
source of worry, with population increase and industrialisation being the primary causes. Here are a few
garbage disposal options.

» Landfills: The most common way of trash disposal today is to throw daily waste/garbage into landfills.
This garbage disposal method relies on burying the material in the ground.

¢ Recycling: Recycling is the process of transforming waste items into new products in order to reduce
energy consumption and the use of fresh raw materials. Recycling reduces energy consumption,
landfill volume, air and water pollution, greenhouse gas emissions, and the preservation of natural
resources for future use.
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3. Composting: Composting is a simple and natural bio-degradation process that converts organic
wastes, such as plant remnants, garden garbage, and kitchen waste, into nutrient-rich food for plants.

4. Incineration: Incineration is the process of combusting garbage. The waste material is cooked to
extremely high temperatures and turned into materials such as heat, gas, steam, and ash using this
technology.

— 8.4.3 Recyclable, Non-Recyclable and Hazardous Waste

1. Recyclable Waste: The waste which can be reused or recycled further is known as recyclable waste.

2. Non-recyclable Waste: The waste which cannot be reused or recycled is known as non-recyclable
waste. Polythene bags are a great example of non-recyclable waste.

3. Hazardous Waste: The waste which can create serious harm to the people and the environment is
known as hazardous waste.

— 8.4.4 Sources of Pollution

Pollution is defined as the harm caused by the presence of a material or substances in places where they
would not normally be found or at levels greater than normal. Polluting substances might be in the form of
asolid, aliquid, oragas.

« Point source of pollution: Pollution from a point source enters a water body at a precise location and
can usually be identified. Effluent discharges from sewage treatment plants and industrial sites,
power plants, landfill sites, fish farms, and oil leakage via a pipeline from industrial sites are all
potential point sources of contamination.

Point source pollution is often easy to prevent since it is feasible to identify where it originates, and
once identified, individuals responsible for the pollution can take rapid corrective action or invest in
longer-term treatment and control facilities.

 Diffuse source of pollution: As a result of land-use activities such as urban development, amenity,
farming, and forestry, diffuse pollution occurs when pollutants are widely used and diffused over a
large region. These activities could have occurred recently or in the past. It might be difficult to
pinpoint specific sources of pollution and, as a result, take rapid action to prevent it because
prevention often necessitates significant changesin land use and management methods.

Pollution Prevention

Pollution prevention entails acting at the source of pollutants to prevent or minimise their production. It
saves natural resources, like water, by using materials and energy more efficiently.
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Pollution prevention includes any practice that:

Reduces the amount of any hazardous substance, pollutant, or contaminant entering any waste
stream or otherwise released into the environment (including fugitive emissions) prior to recycling,
treatment, or disposal;

Reduces the hazards to public health and the environment associated with the release of such
substances, pollutants, or contaminants (these practices are known as "source reduction");

Improved efficiency in the use of raw materials, energy, water, or other resources, or Conservation is
amethod of safeguarding natural resources.

Improvements in housekeeping, maintenance, training, or inventory management; equipment or
technology adjustments; process or method modifications; product reformulation or redesign; raw
material substitution; or improvements in housekeeping, maintenance, training, or inventory
control.

— 8.4.5 Electronic Waste

Lead, cadmium, beryllium, mercury, and brominated flame retardants are found in every piece of

electronic waste. When gadgets and devices are disposed of illegally, these hazardous compounds are

more likely to contaminate the earth, pollute the air, and leak into water bodies.

When e-waste is dumped in a landfill, it tends to leach trace metals as water runs through it. The

contaminated landfill water then reaches natural groundwater with elevated toxic levels, which can be

dangerous if it reaches any drinking water bodies. Despite having an environmentally benign approach,

recycling generally results ininternational shipment and dumping of the gadgetsin pits.

Some eco-friendly ways of disposing of e-waste are:

Giving back the e-waste to the electronic companies and drop-off points.
Following guidelines issued by the government.
Selling or donating the outdated technology-based equipment.

Giving e-waste to a certified e-waste recycler.
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1.
2.
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Name allfive types of fire extinguishers.
Explain PPEin brief.

List the common workplace hazards.
Fillin the Blacks:

i. A" sign" is a safety sign that prohibits behaviour that is likely to endanger one's health
or safety.

ii. entails acting at the source of pollutants to prevent or minimise their production.

iii. is the treatment or care given to someone who has sustained an injury or disease
untilmore advanced care can be obtained or the person recovers.

iv.  The threats caused by biological agents like viruses, bacteria, animals, plants, insects and also
humans, are known as

v.  Theworkplace hasto be administered as per the rules of the
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