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DISCLAIMER FOR AI-ASSISTED ACADEMIC CONTENT

Disclaimer for AI-Assisted Content and Copyright Compliance:

This academic content, including but not limited to study plans, lecture notes, descriptive content,
student toolkits, question banks, model question papers, digital resources, and supplementary
materials, has been developed with the assistance of Artificial Intelligence (AI) tools, under the
guidance and supervision of subject experts.

While due care has been taken to ensure quality, relevance, and academic usefulness, users are
requested to note the following:

1. Accuracy and Academic Responsibility

Al-assisted systems may occasionally generate information that is incomplete, simplified, or
unintentionally inaccurate.
Faculty members and students are strongly advised to:

e C(Cross-verify critical information with standard textbooks, official syllabi, and faculty
guidance
e Use this material as a supporting academic resource, not as the sole source of learning

2. Nature of Use

This content is intended strictly for educational and non-commercial purposes, including:

e (lassroom teaching
e Student self-learning
e Institutional academic use within the state

It is not intended for commercial publication, resale, or profit-oriented distribution.
3. Role of Human Oversight

Al-generated content may not always capture discipline-specific nuances, contextual depth, or recent
advancements.
Therefore:

e Faculty review, contextualization, and explanation remain essential
e Practical learning, laboratory work, and instructor-led teaching are indispensable

4. Copyright and Image Usage Compliance

Special care has been taken regarding the use of images, diagrams, figures, and visual elements

included or referenced in this material.

All visuals used in this content fall under one or more of the following categories:



e Original diagrams created or redrawn by faculty/authors

Al-generated images or diagrams

e Content sourced from public domain or Creative Commons—licensed resources, with
attribution where applicable

Images have not been intentionally copied from copyrighted textbooks, paid publications, or
restricted online sources.

Any references to images, videos, animations, or visual resources are provided purely for academic
illustration and with the understanding that:

e Their use complies with applicable copyright laws
e Institutions and users will adhere to license terms and attribution requirements, wherever
applicable

5. Disclaimer on Inadvertent Inclusion

If any copyrighted material has been unintentionally included, such inclusion is purely incidental and
unintentional.

The concerned material will be removed or replaced promptly upon notification by the rightful
copyright holder.

6. Distribution and Sharing

This content may be:

e Shared among students and faculty within the state
e Uploaded to institutional LMS, academic portals, or official repositories

However, unauthorized modification, commercial redistribution, or external publication without
institutional approval is discouraged.

7. Acceptance of Terms

By accessing or using this material, users acknowledge that:

e They understand the Al-assisted nature of the content
e They accept responsibility for academic verification and ethical use
e They agree to abide by copyright, academic integrity, and institutional guidelines

We encourage learners and educators to actively engage with the material, question concepts,
apply critical thinking, and complement this content with authoritative academic resources
and expert instruction.
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Total Teaching Hours: 4 Hours
Weightage: ~12% (Theory)
Course Outcome Alignment: CO-1 (R, U, A levels)

Unit-1:

Fundamentals of Industrial Automation & Control

@ Unit-1 Learning Intent (for Students)

“This unit builds your foundation. If you understand Unit—1 clearly, PLCs, SCADA, and
applications will feel logical—not scary.”

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

Explain why automation is essential in modern industries
Identify basic building blocks of automation systems

Differentiate between types of automation
Understand the role of PLC, HMI, SCADA, DCS, and Drives

% Topic-wise Structured Study Plan (As per Syllabus)

¢ Table 1: Detailed Study Plan for Unit—1

Sr. |Syllabus Topic[Topic |Suggested [Lectur(Exam Practical / Industry
No.|(Strictly as per GTU) [Nature |Teaching |[e Importance |Relevance
Sequence |Hours
1 |Automation in[Core |[Start  with{l.0 hr
Production Systems e<[Topic |[real-life
Definition ¢ Objectives * industry
Need & Dbenefits problems —
Industrial examples manual  vs
(automobile, packaging, automated
renewable energy) systems —
definition




PLC « HMI » SCADA -«
DCS ¢ Drives (roles &
applications)

ented
Topic

Systems Overview ejtion-Orilsystems to

real plants
—  prepare
ground  for|
Unit-2 &

Unit-5

2 [Basic Elements of|Core -HIntroduce |[1.0 hr
Automation * Sensors *[Suppor |block
Controllers ¢ Actuators |ting diagram —
Feedback loop . explain
Communication lines signal flow
—  simple
examples
3 [Types of Automation[Suppor |Compare [0.75 hr
Systems . Fixed|ting using table
automation *[Topic |— cost,
Programmable flexibility,
automation ¢ Flexible production
automation volume
4 |Industrial Control|Applica[Map 1.25 hr

«2 Topic Classification (For Faculty & AI Content Design)

{74 Core Topics (Must Master)

2

e Automation definition, need, objectives
e Basic elements of automation
e Roles of PLC in industrial automation

Supporting Topics (Concept Strengthening)

e Types of automation systems
e Comparison of automation strategies

i Application-Oriented Topics (Industry Exposure)

e PLC vs DCS vs SCADA roles

e Automation examples in automobile, packaging, renewable energy plants
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OBE Mapping — Unit-1

Course Outcome Unit—1 Contribution

CO-1: Explain need, benefits & types of automation ¢/ ¢/ Strongly Addressed

CO-2 to CO-5 Foundation for upcoming units

Bloom’s Taxonomy Levels Covered:

e Remember (R): Definitions, elements
e Understand (U): Types, block diagrams
o Apply (A): Industrial examples & system selection

/" Exam Orientation (GTU Pattern)

e 2-3 Marks Questions:

o Define automation
o List elements of automation

e 4-5 Marks Questions:

o Types of automation with examples
o Benefits of automation in industries

e Long Answer (Rare but Possible):

o Explain industrial control systems (PLC, SCADA, DCS)

X Practical Readiness Link

Although Unit—1 is theory-focused, it directly prepares students for:

o PLC hardware identification (Unit-2 labs)
e Ladder logic understanding (Unit-3)

Industrial applications & SCADA (Unit-4 & 5)

@ NEP-2020 Alignment

Industry relevance: Real industrial examples

Experiential learning: Prepares students mentally for labs
Skill-based foundation: Focus on systems thinking
Multidisciplinary exposure: Automation + Electrical + Electronics
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E1 Mentor’s Teaching Tip (For Faculty)

Start each lecture with a real industrial problem (e.g., manpower errors, safety risks).
End with “Which automation type fits this industry?”
This keeps students engaged, exam-ready, and industry-aware.
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Unit—1: Fundamentals of Industrial Automation & Control

¢+ Lecture—-1

Topic—1.1: Automation in Production Systems

Hook / Introduction (= 5 minutes)

Imagine walking into a modern car factory. Instead of hundreds of workers tightening bolts and
welding parts manually, you see robotic arms moving with precision, conveyor belts transporting
parts smoothly, and control panels monitoring everything in real time.

Question to students: How is it possible to produce thousands of identical cars every day with
such accuracy and speed?

The answer lies in automation in production systems. Automation is not just about machines
replacing humans—it is about using technology to make production faster, safer, more
reliable, and more efficient.

Core Concepts (= 40 minutes)
1. Definition of Automation in Production Systems

Automation in production systems refers to the use of machines, control systems, and
information technologies to perform manufacturing processes with minimal human
intervention. These systems use sensors to collect data, controllers (like PLCs) to make
decisions, and actuators (motors, valves) to perform actions.

Analogy: Think of automation like a self-driving system for a factory—sensors act as eyes,
controllers as the brain, and machines as hands.

2. Objectives of Automation
The main objectives of automation include:

Increased productivity: Machines work faster and continuously.
Improved quality: Consistent output with fewer defects.
Enhanced safety: Reduces human exposure to hazardous tasks.
Cost reduction: Less waste, rework, and downtime.

Better control: Real-time monitoring and quick corrections.
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3. Need for Automation in Modern Industries

Industries today face challenges such as high demand, global competition, rising labor costs, and
the need for precision. Manual systems struggle to meet these requirements. Automation helps
industries:

Meet mass production demands
Maintain uniform quality standards
Operate 24/7 with minimal errors
Adapt to new products and technologies

4. Benefits of Automation
Key benefits include:

Higher efficiency and speed
Repeatability and accuracy
Reduced human fatigue and errors
Energy-efficient operations
Data-driven decision making

Fun Fact: A robotic arm can repeat the same task thousands of times with an error of less than
0.1 mm, which is almost impossible for humans!

Real-World / Industry Applications (= 10 minutes)

e Automobile Assembly: Robots perform welding, painting, and assembly. Conveyors
move car bodies, while PLCs coordinate each operation.

Fig.1.1 Real-World Automobile Assembly Industry Applications
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Fig.1.2 Automation in Packaging Industry Application.

e Packaging Industry: Automated filling, sealing, labeling, and sorting systems ensure
speed and hygiene.

Fig.1.3 Automation in solar panel manufacturing applications.
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e Renewable Energy: Automation is used in solar panel manufacturing, wind turbine
monitoring, and smart grid control for efficient energy generation.

Visuals to draw/search:

e Block diagram of an automated system: Sensor — Controller (PLC) — Actuator
e Layout of an automated assembly line with robots and conveyors
e Flowchart showing automated decision-making steps

Summary & Q&A (= 5 minutes)
Key Takeaways:

e Automation uses technology to control production processes.

e QObjectives include productivity, quality, safety, and cost reduction.

e Automation is essential in modern industries like automobiles, packaging, and renewable
energy.

Typical Student Doubts:

® Does automation remove jobs? — It changes job roles, creating demand for skilled
technicians and engineers.
e [s automation expensive? — Initial cost is high, but long-term benefits outweigh it.

Mentorship Note (Career Tip)

Mastering automation fundamentals is the foundation for careers in PLC programming,
industrial maintenance, robotics, and smart manufacturing. Strong knowledge of automation
will help you excel in final-year projects, industrial training, and future engineering roles.
Think of this topic as your first step toward becoming an Industry 4.0-ready engineer %’
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Topic—1.2: Basic Elements of Automation

¢+ Lecture —2

Hook / Introduction (= 5 minutes)

Think about an automatic water tank system at home. When the water level drops, the motor

starts automatically; when the tank is full, the motor stops—without anyone pressing a switch.

Question for students: How does the system know when to start or stop the motor?

This simple example contains all the basic elements of automation—a sensor to detect level, a

controller to decide, an actuator to run the motor, and feedback to confirm the result. Today’s

lecture explains these building blocks that form the heart of every automated system, from

factories to smart homes.

Core Concepts (= 40 minutes)

The 5 Pillars of Industrial Automation

5. COMMUNICATION
The Nervous System ¢

—H |
: Wired or wireless lines that carry data
between all components of the system.
=

- =m
O

1. SENSORS: 2. CONTROLLERS:

The Eyes & Ears The Brain The Hands

Dotect physical quantities like Receive signals from sensers, Convert the controller's electrical
temperature or pressure and convert procese them, and send commands commands into physical action,
them into electrical signals. based on programmed logic. like starting a motor.

4.FEEDBACK LOOPS:

"
_ﬂﬂ) ) | SO, Ensuring Accuracy @: cae
7/ E Yo Send output information back

to the controlier for comparison,
PROXIMITY BOX ON PLC i . " % ELECTRIC
SENSOR CONVEYOR enabling self-correction. MOTOR

Fig. 1.4 Five pillars of Industrial Automation.

Automation systems are made up of five basic elements working together like a team.
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1. Sensors — “The Eyes and Ears” of Automation

Sensors detect physical quantities such as temperature, pressure, level, position, speed, or

proximity and convert them into electrical signals.
Examples include:

e Proximity sensor — detects object presence
e Temperature sensor (RTD/Thermocouple) — senses heat
e Limit switch — detects end positions

Analogy: Sensors are like human senses—they tell the system what is happening around it.

Electrical
Physical Quantity Signal

Sensor ﬁ

Fig. 1.5 Sensor taking a physical quantity input and giving an electrical signal output.

2. Controllers — “The Brain” of the System

The controller receives signals from sensors, processes them according to a control logic, and

sends commands to actuators.
Common controllers include:

e PLC (Programmable Logic Controller)
e Microcontroller
e Industrial computers

Example: If temperature > set value — switch ON cooling fan.

Fun Fact: PLCs were first introduced in the automobile industry to replace complex relay

panels!
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Input

Module
Output
Module
Input
Module

CPU

Fig. 1.6 PLC block showing CPU, input module, and output module.

3. Actuators — “The Hands” that Do the Work

Actuators convert electrical signals into physical action.
Examples:

e Electric motors — rotate conveyors
e Solenoid valves — control fluid flow
e Relays/contactors — switch high-power loads

Simple idea: Sensors sense, controllers decide, actuators act.

Controller L

Fig. 1.7 Motor connected to controller output.

4. Feedback Loops — Ensuring Accuracy and Stability
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A feedback loop sends information about the actual output back to the controller for
comparison with the desired output.

e Open-loop system: No feedback (e.g., timer-based washing machine)

Forward path
—

E Open loop

R gain » C
Data Qutput G
Controller |——| Process

Feedback
factor %

H

—
Feedback path
4 G

Sensor - =
R 1+GH

Feedback

e Closed-loop system: Feedback present (e.g., temperature control using thermostat)

Analogy: Like checking exam answers after writing—feedback helps correction.

Controller

Process

Fig. 1.8 Closed -loop block diagram:
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Closed -loop block diagram: Sensor — Controller — Actuator — Process — back to Sensor.
5. Communication Lines — The Nervous System

Communication lines carry data between sensors, controllers, actuators, and supervisory systems.
They may be:

e Wired (cables, Ethernet)
o Wireless (industrial Wi-F1)

Protocols ensure fast and reliable data transfer in noisy industrial environments.

0 Controller

Fig. 1.9 Network line connecting multiple devices to a controller.
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Real-World / Industry Applications (= 10 minutes)

Sensor Control Center Actuator

(45 i3 ) ) — - 3
N\ l N\ .
=D Bl - &

Temperature Sends this Control center Sprinkler turns
sensor detects  detect signal to sends command on and puts
heat. the control to sprinkler. out flame.
center.

Fig. 1.10 Real-World Application auto Sprinkler

Fig.1.11 Real-World Application
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Automobile plants: Sensors detect car body position, PLC controls sequence, robots act
as actuators, feedback ensures precision.

Packaging lines: Photoelectric sensors count products, controllers manage speed, motors
drive conveyors.

Renewable energy systems: Sensors measure voltage/current, controllers optimize
output, actuators adjust blades or switches.

Summary & Q&A (= S minutes)

Key Takeaways:
e Sensors sense conditions
e Controllers process decisions
e Actuators perform actions
e Feedback improves accuracy
e Communication connects everything
e | Supervisory
: The Reflexes
=T —y| Controller - =
7 Data The Brain -?H
@ Process @ Actuator
The Hands
.
- SR gt g~ 7
Communication Lines
The Nervous System
Fig.1.12 The complete Anatomy of automation
Typical Student Doubts:
e Can automation work without sensors? — Very limited and inaccurate.

e s feedback always required? — Not always, but it improves control quality.
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Mentorship Note (Career Tip)

Understanding these basic elements is mandatory for PLC programming, troubleshooting,
and industrial projects. Whether you aim to become a maintenance engineer, automation
technician, or control system designer, mastery of sensors, controllers, and actuators will give
you a strong foundation for advanced automation, SCADA, and Industry 4.0 applications.
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Topic—1.3: Types of Automation Systems

¢+ Lecture -3

1. Hook / Introduction (= 5 minutes)

Let us begin with a simple question:
Why are biscuits produced in millions every day using the same machine, while
custom-designed machine parts need different programs and setups?

The answer lies in the type of automation system used. Industries do not use a single form of
automation everywhere. Depending on production volume, product variety, and flexibility,
different automation systems are selected. In today’s lecture, we will study three major types of
automation systems that form the backbone of modern industries.

2. Core Concepts (= 40 minutes)

Automation systems are broadly classified into Fixed Automation, Programmable
Automation, and Flexible Automation.

A. Fixed Automation (Hard Automation)

Fixed automation refers to systems where the sequence of operations is fixed and cannot be
easily changed. These systems use dedicated equipment designed for a specific product.

Key Characteristics:

High production rate

Very low flexibility

High initial investment

Low unit cost for large quantities

Examples:

e Transfer lines in automobile engine manufacturing
e Bottling plants producing the same bottle size
e (Conveyor-based assembly lines

Analogy: Fixed automation is like a train running on fixed tracks—very fast but cannot change
its path.
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B. Programmable Automation

Programmable automation allows the production sequence to be changed by modifying the
program. It is suitable for batch production, where products are made in groups.

Key Characteristics:

e Medium production volume

e Medium flexibility

e Reprogramming required for new products
e Suitable for varied product designs

Examples:

e (CNC machines
e PLC-controlled batch processes
e Injection molding machines

Fun Fact: CNC machines replaced skilled manual machinists for repetitive tasks while
increasing accuracy up to microns!

Analogy: Programmable automation is like a washing machine with multiple modes—you can
change the program as per need.

C. Flexible Automation

Flexible automation is the most advanced type, where the system can produce different
products automatically without stopping for reprogramming. This is achieved using robots,
sensors, and intelligent control systems.

Key Characteristics:

e High flexibility

e Medium to high production rate

e High initial cost

e Quick response to market changes
Examples:

e Robotic assembly lines
e Flexible Manufacturing Systems (FMS)
e Reconfigurable production cells
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Analogy: Flexible automation is like a smartphone—it adapts instantly to different applications.

3. Real-World / Industry Applications (= 10 minutes)

e Automobile Industry: Fixed automation is used for mass production of car bodies, while
robots provide flexibility for different models.

Fig.1.13 Automobile Industry Application

e Manufacturing Workshops: CNC machines allow programmable automation for small
and medium batch sizes.
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Fig.1.14 Manufacturing Workshop

Electronics & Renewable Energy: Flexible automation enables quick changes in
product design, such as solar panel assembly or electronic boards.

Fig.1.15 Electronics & Renewable Energy Application
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Industry Selection Rule:

e High volume + low variety — Fixed automation
e Medium volume + medium variety — Programmable automation
e High variety + quick change — Flexible automation

4. Summary & Q&A (= 5 minutes)
Key Takeaways:

e Fixed automation is fast but rigid
e Programmable automation offers controlled flexibility
e Flexible automation supports modern, customized production

Common Student Doubts:

o s flexible automation always better? — No, cost and complexity are high.
® Can PLC be used in all types? — Yes, but complexity increases with flexibility.

Mentorship Note (Career Tip)

Understanding automation types helps you select the right system for projects, industries, and
real-life engineering problems. This knowledge is crucial for PLC programming, CNC
operation, robotics, and Industry 4.0 careers. Employers value engineers who can match
automation technology with production needs, not just operate machines.
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Topic—1.4: Industrial Control Systems Overview

¢+ Lecture — 4

1. Hook / Introduction (= 5 minutes)

Imagine a large factory where hundreds of motors, valves, heaters, and conveyors are running
together.

Question for students: Can one engineer manually monitor and control all these machines at
the same time?

Obviously, it is impossible. This is where industrial control systems come into play. These
systems act like the central nervous system of an industry, ensuring machines work safely,
efficiently, and in coordination. Today, we will understand the roles and applications of PLC,
HMI, SCADA, DCS, and Drives, which are the backbone of modern automated production.

2. Core Concepts (= 40 minutes)

Industrial control systems consist of different layers, each with a specific role.

A. PLC - Programmable Logic Controller

A PLC is a rugged industrial controller used to control machines and processes. It
continuously reads inputs (from sensors), executes a control program, and updates outputs (to
actuators).

Key roles of PLC:
e Logic control (ON/OFF operations)
e Motor control and interlocking
e Timing and counting operations
e Reliable operation in harsh environments

Analogy: PLC is like the brain of a machine, taking fast decisions again and again.

B. HMI — Human Machine Interface

HMI is the communication link between humans and machines. It displays machine status
and allows operators to give commands.

Functions of HMI:
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e Display process values (temperature, speed, level)
e Start/stop machines
e Alarm and fault indication

Example: Touchscreen panels in factories or even elevator display panels.

Fig.1.16 HMI interface

C. SCADA - Supervisory Control and Data Acquisition

SCADA systems are used for monitoring and supervisory control of large-scale processes
spread over wide areas.

Main features:

e Data acquisition from multiple PLCs/RTUs
e Real-time monitoring and trending
e Alarm management and reporting

Fun Fact: SCADA systems are used in power grids to monitor substations located hundreds of
kilometers away.
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Fig.1.17 SCADA system

D. DCS - Distributed Control System

DCS is mainly used in continuous process industries such as chemical plants, refineries, and
power plants.

Key characteristics:
e Control is distributed among multiple controllers
e High reliability and redundancy

e Suitable for complex, continuous processes

Difference note: PLC is common in discrete manufacturing, while DCS dominates process
industries.
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Fig.1.18 DCS

E. Drives — Motor Control Devices

Drives are used to control the speed, torque, and direction of motors. Common examples
include VFDs (Variable Frequency Drives).

Applications of drives:

e Energy saving by speed control
e Smooth starting and stopping
e Precise control in conveyors, pumps, and fans

Analogy: Drives are like the accelerator and brake of an electric motor.

Visual to draw:
Drive connected between power supply and motor.

3. Real-World / Industry Applications (= 10 minutes)

e Manufacturing plants: PLC controls machines, HMI allows operators to interact, and
drives regulate motor speed.

o Power systems: SCADA monitors substations and transmission lines.

Process industries: DCS manages temperature, pressure, and flow continuously.

e Renewable energy plants: PLC + SCADA combination monitors solar or wind power
generation.
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Fig.1.19 Renewable Energy Application

4. Summary & Q&A (= 5 minutes)
Key Takeaways:

PLC controls machines locally

HMI provides operator interaction

SCADA enables remote monitoring

DCS handles complex continuous processes
Drives ensure efficient motor control

Common Student Doubts:

o [s SCADA replacing PLC? — No, SCADA works with PLCs.
® Can PLC and DCS be used together? — Yes, in large plants.

Mentorship Note (Career Tip)
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A clear understanding of PLC, HMI, SCADA, DCS, and Drives opens doors to careers as
automation engineer, maintenance engineer, control technician, or SCADA operator. These
concepts are heavily used in industrial training, final-year projects, and Industry 4.0
environments. Mastering them now will make you industry-ready and highly employable in
the automation sector.
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2@ Student AI Toolkit — Unit 1

(Use with ChatGPT, Gemini, or similar Al tools)

Below

is a Student AI Toolkit for Unit—1: Fundamentals of Industrial Automation &

Control, designed exactly as requested.

A. Low-Level Prompts (Remember & Understand)

(10 prompts — for basics, revision, and clarity)

1.

SNk

= X 0~

“Explain this topic in very simple words as if teaching a beginner, using daily-life
examples.”

“Define all important terms from this unit and explain each in 2-3 simple lines.”
“Summarize this topic in bullet points suitable for last-day exam revision.”

“Explain the purpose and importance of this topic in modern engineering systems.”
“Differentiate between the main concepts of this unit in a simple comparison table.”
“Explain this topic using an easy analogy that a non-engineering student can
understand.”

“List key points and keywords from this unit that are important for theory exams.”
“Explain the topic step-by-step in the same way a lecturer would explain in class.”
“Write short notes on each subtopic of this unit suitable for 3—4 mark questions.”

. “Explain this unit assuming I have basic electrical knowledge but no automation

background.”

B. Moderate-Level Prompts (Apply & Analyze)

(10 prompts — for understanding usage, comparisons, and exam answers)

11.

12.
13.

14.
15.

16.
17.

18.
19.

“Explain how the concepts of this unit are applied in a real industrial system.”
“Compare different approaches discussed in this unit with examples and use-cases.”
“Given a simple industrial situation, explain which concept from this unit should be
used and why.”

“Explain the advantages and limitations of each major concept covered in this unit.”
“Create a flowchart-based explanation of how an automated system works using
this unit’s concepts.”

“Analyze a common industrial problem and explain how this unit helps solve it.”
“Convert the theory of this unit into a practical explanation suitable for lab
experiments.”

“Explain how this unit’s concepts improve safety, efficiency, and productivity.”
“Write an answer suitable for a 7-mark exam question from this unit with proper
structure.”
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20. “Explain common mistakes students make while understanding this unit and clarify
them.”

C. High-Level Prompts (Design & Create)
(5 prompts — for distinction, projects, and deep understanding)

21. “Design a simple automation workflow using the concepts of this unit and explain
each step clearly.”

22. “Create a block diagram (describe it in words) representing an automated system
based on this unit.”

23. “Develop a mini case study where concepts from this unit are used to solve an
industrial problem.”

24. “Explain how this unit connects with higher-level automation, control systems, or
smart manufacturing.”

25. “Create a model exam answer that integrates multiple concepts from this unit into
one explanation.”

{74 How Students Should Use This Toolkit

o Use A-level prompts for first learning & revision
e Use B-level prompts for exam preparation & lab understanding
e Use C-level prompts for distinction, interviews, and projects
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"4 Mastery Check — Unit 1

Fundamentals of Industrial Automation & Control

1. Key Definitions / Glossary (15 Important Terms)

1.

2.

w

©oo~NO oA

Automation — Use of control systems to operate machines and processes with minimal
human intervention.

Industrial Automation — Application of automation techniques in manufacturing and
process industries.

Sensor — A device that detects physical parameters and converts them into electrical
signals.

Actuator — A device that converts control signals into physical action or motion.
Controller — A unit that processes input signals and generates output commands.
Feedback — Information returned from output to input for system correction.
Closed-Loop System — A system that uses feedback to improve accuracy and stability.
Open-Loop System — A system that operates without feedback.

PLC (Programmable Logic Controller) — A rugged industrial controller used for
automation of machines.

10.HMI (Human Machine Interface) — A user interface for monitoring and controlling

industrial systems.

11. SCADA - A system used for supervisory control and data acquisition in large processes.
12.DCS (Distributed Control System) — A control system with distributed controllers

across a plant.

13.Fixed Automation — Automation designed for high-volume, repetitive production.
14.Programmable Automation — Automation where operation sequences can be changed

by programs.

15. Flexible Automation — Automation that can easily adapt to product or process changes.

2. FAQ & Assessment Section

A. Multiple Choice Questions (MCQs) — 20 Questions

Q1. The main objective of industrial automation is to:
A) Increase manpower

B) Reduce product quality

C) Improve efficiency and consistency

D) Increase production time

Q2. Which element senses temperature, pressure, or position?
A) Actuator
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B) Controller
C) Sensor
D) Drive

Q3. A system that uses feedback is called:
A) Open-loop system

B) Manual system

C) Closed-loop system

D) Fixed system

Q4. PLC is mainly used to:

A) Generate power

B) Control industrial processes
C) Store mechanical energy
D) Design circuits

Q5. Which automation type is suitable for mass production?
A) Flexible automation

B) Programmable automation

C) Fixed automation

D) Manual operation

Q6. CNC machines are an example of:
A) Fixed automation

B) Flexible automation

C) Programmable automation

D) Open-loop control

Q7. Which device converts electrical energy into motion?
A) Sensor

B) Actuator

C) HMI

D) Controller

Q8. HMI is mainly used for:
A) Programming logic

B) Power distribution

C) Operator interaction

D) Motor control

Q9. SCADA is best suited for:
A) Small standalone machines
B) Local motor control

C) Large distributed systems
D) Manual operations

Q10. DCS is commonly used in:
A) Discrete manufacturing
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B) Process industries
C) Household appliances
D) Portable devices

Q11. Feedback improves system:
A) Cost

B) Size

C) Accuracy

D) Weight

Q12. Transfer lines are associated with:
A) Flexible automation

B) Programmable automation

C) Fixed automation

D) Manual systems

Q13. Communication lines in automation are used to:
A) Supply power

B) Transfer data

C) Produce heat

D) Store energy

Q14. Which system allows easy product variation?
A) Fixed automation

B) Manual control

C) Flexible automation

D) Relay control

Q15. PLCs are preferred over relays because they are:
A) Bigger

B) Less reliable

C) Easily programmable

D) Mechanical

Q16. An example of an actuator is:
A) Limit switch

B) Thermocouple

C) Solenoid valve

D) Encoder

Q17. Which automation reduces human error most effectively?
A) Manual system

B) Semi-automatic system

C) Fully automated system

D) Mechanical system

Q18. Robots are mainly used in:
A) Fixed automation
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B) Flexible automation
C) Manual systems
D) Open-loop systems

Q19. Which system monitors plant data in real time?
A) PLC

B) DCS

C) SCADA

D) Sensor

Q20. The brain of an automation system is the:
A) Sensor

B) Actuator

C) Controller

D) Motor

"4 Answer Key (MCQs)
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B. Short Answer / Viva Questions (10)

1. Define industrial automation and state its need.
2. Differentiate between open-loop and closed-loop control systems.



3. List any four basic elements of an automation system.
4. Explain the role of sensors in automation.
5. What is the function of an actuator? Give one example.
6. Why are PLCs preferred over relay logic systems?
7. State two applications of fixed automation.

8. Explain programmable automation with an example.

9. What is the role of HMI in industrial control?

10. Compare SCADA and DCS in brief.

@ Mentorship Note (For Students)

Mastering Unit-1 concepts builds the foundation of your automation career. Clear
understanding of automation types, control elements, and systems like PLC, SCADA, and DCS
will directly help you in lab work, PLC programming, industrial training, interviews, and
higher studies. Strong basics here make advanced units easier and more scoring—especially in
viva and practical exams. Keep revising definitions and block diagrams; they are your exam
power tools. » 0
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== Digital Resource Library

Unit—1: Fundamentals of Industrial Automation & Control

1. Al Tools & Digital Learning Tools

1. Al Chat Assistants (ChatGPT / Gemini / Copilot)

Purpose / Use-case:
Concept explanation, doubt clearing, summaries, exam-oriented answers.

How it helps in this unit:

e Simplifies definitions like automation, PLC, SCADA, DCS
e Explains differences (fixed vs programmable vs flexible automation)
e Generates short notes, MCQs, viva answers, and revision points

2. PLC Ladder Logic Simulators (Virtual PLC Tools)

Purpose / Use-case:
Practice automation logic and understand control flow without hardware.

How it helps in this unit:

e Visualizes controller—sensor—actuator interaction
e Reinforces concepts of control systems and automation elements
e Helps students mentally connect theory with future lab work

3. SCADA / Control System Visualizers

Purpose / Use-case:
Visual representation of industrial control architectures.

How it helps in this unit:

o Understands how PLC, HMI, SCADA, and DCS are connected
e Builds clarity on data flow and supervisory control
e Useful for drawing neat block diagrams in exams

4. Online Concept Mapping / Diagram Tools
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Purpose / Use-case:

Create flowcharts, block diagrams, and system layouts.

How it helps in this unit:

e Draws automation system block diagrams
e Visualizes feedback loops and control hierarchy
e [Improves diagram-based answers (important for scoring)

5. Virtual Labs & Interactive Learning Platforms

Purpose / Use-case:

Simulation-based learning for automation and control concepts.

How it helps in this unit:

e Reinforces industrial automation basics without physical setup

e Useful for slow learners to repeat and visualize concepts

e Supports NEP-2020 experiential learning approach

2. Video Learning Repository

(Use the given search keywords directly on YouTube / SWAYAM / NPTEL)

Topic Name Recommended Channel /| Search Keywords

Course / Lecturer Name
Introduction to Industrial | NPTEL — Industrial | “Industrial Automation
Automation Automation Introduction NPTEL”
Automation in Production | NPTEL / SWAYAM “Automation in  production
Systems systems diploma”
Basic Elements of | Engineering Explained | “Basic elements of automation
Automation Channels sensors actuators controller”
Sensors and  Actuators | Neso Academy “Sensors and actuators basics
Basics Neso Academy”
Types of  Automation | Gate Smashers “Types of automation fixed
Systems programmable flexible”

Fixed vs Programmable vs
Flexible Automation

FEkeeda

“Fixed programmable flexible
automation explained”
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PLC Basics and
Applications

Neso Academy

“PLC basics for
diploma”

beginners

PLC vs DCS vs SCADA

Gate Smashers

“Difference between PLC DCS
SCADA”

Energy

SCADA System Overview | NPTEL — Control Systems “SCADA system architecture
NPTEL”

HMI in Industrial | RealPars “HMI industrial automation

Automation basics”

Industrial Drives Overview | Ekeeda “Industrial drives basics
diploma”

Automation in Renewable | SWAYAM “Automation in renewable

energy systems”

@ How Students Should Use This Library

Before lecture: Watch 1-2 short videos for familiarity
After lecture: Use Al tools for explanation + revision
Before exams: Focus on block diagrams, comparisons, and summaries
For slow learners: Replay videos + use Al for simplified explanations

Learning Coach Note

Students who combine Al tools + videos + diagrams understand automation faster and retain
concepts longer. This habit builds strong fundamentals, which directly helps in PLC
programming, industrial training, projects, and interviews in later semesters.
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Question Bank

Below is an exam-oriented, GTU-pattern—aligned Predicted Question Bank for

Unit-1: Fundamentals of Industrial Automation & Control (D104000201).

The questions are designed using standard Diploma examination trends, syllabus weightage
(Unit-1 = 12%), and OBE/RBT distribution (R-U—-A dominant), based on the official syllabus
provided .

Predicted Question Bank — Unit 1

Fundamentals of Industrial Automation & Control

1. Most Repeated / High-Probability Questions

(These questions are commonly seen in 2—3 mark, 4-5 mark, and 7-mark theory exams.)

A. Definition-Based / Short Questions

1. Define industrial automation. State any two objectives.

2. Define sensor and actuator with one example each.

3. What is a controller? Mention its role in automation.

4. Define open-loop control system. Give one example.

5. Define closed-loop control system. Why is feedback used?
6. What is meant by fixed automation?

7. What is programmable automation?

8. Define flexible automation.

9. Write the full forms of PLC, HMI, SCADA, and DCS.

10. What is the function of industrial drives?

B. Explanatory / Concept-Focused Questions

11. Explain the need and benefits of industrial automation.

12. Explain the basic elements of an automation system with neat block diagram.
13. Describe types of automation systems with suitable examples.

14.Explain fixed, programmable, and flexible automation in brief.

15. Explain the role of sensors and actuators in automation.

16. Compare open-loop and closed-loop control systems.

17.Explain the functions and applications of PLC.

18. Explain the role of HMI in industrial control systems.

19. Describe the functions of SCADA systems.
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20.Explain the difference between PLC and DCS.

C. Diagram-Based / 7-Mark Questions (Very High Probability)

21.Draw and explain the block diagram of an automated production system.
22.Draw and explain the closed-loop control system.

23.Draw and explain the PLC-based industrial control system.

24 . Draw and explain the basic architecture of SCADA.

25.Draw a neat diagram showing PLC-HMI-SCADA interconnection.

2. Application & Logical Thinking Questions

(5 Questions — for higher scores and distinction answers)

1.

A production process requires continuous monitoring and remote supervision over a
large area.

©  Which control system is suitable?

o Justify your answer with reasons.

. An industry produces a single product in very large quantity for a long time.

©  Which type of automation should be used?

o Explain why other types are not suitable.
A system operates without checking output conditions and sometimes gives inaccurate
results.

o Identify the type of control system used.

o Suggest how accuracy can be improved.
A factory wants to reduce energy consumption of motors while maintaining speed
control.

o Which automation component should be added?

o Explain its role.
Explain how sensors, controller, actuator, and feedback work together in an automatic
water-level control system.

@ Exam Strategy Tips for Unit-1

Definitions + diagrams = scoring combination

Always write examples for automation types

Block diagrams must be neat, labeled, and explained step-wise

Use comparison tables for PLC vs SCADA vs DCS

Focus on “role, function, application” keywords (favored by examiners)
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@ Mentor’s Note (From an Examiner’s View)

Unit-1 is often used by examiners to test conceptual clarity. Students who clearly understand
automation basics, system elements, and control system roles score easily.

Strong answers here create a solid base for PLC, SCADA, and application-based units,
improving both theory and practical performance.
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UNIT-2:

PLC Fundamentals & Hardware

Total Lecture Hours: 8 |
Weightage: 24%

Course Outcome Alignment: CO-2 (R, U levels)

@ Unit Learning Intent (Faculty & Student Perspective)

“By the end of this unit, students will confidently identify PLC hardware, understand
how a PLC thinks (scan cycle), connect real industrial devices, and get ready to
program PLCs for real-world automation.”

This unit builds the foundation for:

Unit-3 (PLC Programming)

Unit—4 (Industrial Applications)

Practical labs & mini projects

Industry readiness (maintenance, panel wiring, commissioning)

@ Topic-wise Structured Study Plan (As per Syllabus)

* Legend

o (C = Core Topic (must-master)
e S = Supporting Topic
e A = Application-Oriented Topic
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<2 Detailed Teaching Plan Table:

Sr.
No

Syllabus
Topic

(Strictly As

Per GTU)

Sub-topics &
Teaching
Focus

Category

Suggest
ed
Lecture
Hours

Exam
Importance

Practical
Relevance

2.1

PLC

Architecture

& Modules

. PLC
definition &
comparison

with relay logic
* CPU: role &
operation .
Memory types
(ROM, RAM,
EEPROM) .
Power  supply
module .
Digital /O
modules .
Analog /O
modules .
Communication
& special
control modules

2.0 hrs

Very High

Very High

2.2

Input
Output
Devices

&

* Digital inputs:
push  button,
selector switch,
limit switch
Proximity
Sensors
(inductive,
capacitive —
intro level) -«
Output devices:
relay, contactor,
solenoid valve,
SSR e« Analog
Sensors:
temperature,
flow, pressure
(basic idea)

C+A

2.0 hrs

Very High

Excellent
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2.3 | Programmin |+ PLC Scan|C 2 hrs

g Basics Cycle (Input — High High
Execute -
Output) .
Importance of
scan time * IEC
61131-3
languages
overview: —
Ladder
Diagram
(focus) — FBD,
ST, SFC (intro
only)

24 | PLC I/0 |+ Concept of |C+A 1 hrs
Addressing | I/O addressing * Very High Excellent
& Wiring Slot &

terminal-based
addressing .
Digital \&
analog
addressing .
Examples from
Siemens, Allen
Bradley, Delta,
Mitsubishi .
Common
wiring rules &
safety

2.5 | PLC * Role of PLC[S+A 1.0 hr
Software software . Medium High
Tools Offline \&

(Introductio | online

n) programming °
Simulation

concept ¢ Intro
to LOGO Soft,
TIA Portal,
RSLogix,
WPLSoft
(demonstration-
based)
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7 Total Lecture Hours = 8 Hours

% Logical Learning Flow (Pedagogical Sequencing)
Faculty Teaching Sequence (Recommended):

(1JWhat is a PLC & Why Industry Uses It (Motivation & relevance)
(2JPLC Hardware Architecture (CPU, memory, modules)

(3JReal Industrial Inputs & Outputs (touch-and-feel approach)
(4/How a PLC Thinks — Scan Cycle (concept clarity)
Programming Languages — Ladder Focus

L6J)1/O Addressing & Wiring Logic (bridge to lab work)

PLC Software & Simulation Environment

< This sequence reduces fear, builds confidence, and prepares students for programming

in Unit-3.

@ Core vs Supporting vs Application Mapping

@ Core Topics (Exam + Foundation)

PLC Architecture & Modules
Input/Output Devices

PLC Scan Cycle

I/O Addressing

Supporting Topics

o PLC programming languages overview
e PLC software tools

@ Application-Oriented Topics

Sensor & actuator usage
Wiring rules

Address mapping examples
Software simulation
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i/ OBE & NEP-2020 Alignment

OBE Aspect How Unit-2 Supports It
CO Mapping Directly supports CO-2 (Identify PLC hardware & I/O devices)
Skill Orientation Emphasis on wiring, addressing, and device identification

Experiential Learning Strong linkage with lab experiments 1-4
Industry Readiness Uses real PLC families & devices

NEP-2020 Hands-on, multidisciplinary, practical-first approach

# Strong Link with Practical Experiments
Unit-2 directly supports these labs:

Identification & wiring of DI/DO
Analog input wiring

I/O addressing using software
Basic ladder execution testing

¢ Tip for faculty:
Teach 2.1 & 2.2 — immediately demonstrate in lab — learning retention doubles.

Mentor’s Closing Note (For Students)

“Don t try to memorize PLCs—understand how they think.
Once Unit-2 is clear, programming becomes easy, and automation starts feeling
logical instead of complex.”

53



Unit—2: PLC Fundamentals & Hardware

Anatomy of a PLC: Core Concepts Visualized

HARDWARE & ARCHITECTURE LOGIC & OPERATION
The Core Components The 3-Step Scan Cycle

Contains a CPU, Memory, Power N\, 1. Input Scan
PLC reads status of
all inputs.

Supply, and modules for I/Q.
\ 2. Program Execution
3= PLCexecutesthe
ladder logic program.

Real-World Connections

. o Each device is wired to
Precise Wiring ~ a specific address (e.g,
& Addressing | 10.4) for the program.

|

Output

Input
Devices

=
|
0
I

Sensor Button

Ladder Logic

=
2

i

Fig.2.1 PLC core concepts visualization

e Topic-2.1: PLC Architecture & Modules

Lecture—1 (60 Minutes)

2.1.1 PLC Architecture — Basic Structure & Core Modules

status of all outputs.

3. Output Update
E}cb PLC updates the

Software-Driven Programming

Engineers use laptop software (e.g., TIA
Portal) to create and upload ladder logic.

g EXAM TIP FROM FACULTY

Practice drawing the Architecture
Block Diagram and the Scan Cycle...
high-weightage questions.

A\ NotebookLM

1. Hook / Introduction (= 5 Minutes)

In earlier industrial control systems, machines were controlled using relay panels containing a
large number of relays, timers, and wires. These systems were bulky, slow, and difficult to

modify. Even a small change in operation required rewiring the entire control panel.

To overcome these limitations, the Programmable Logic Controller (PLC) was developed. A
PLC is a digital industrial controller designed to control machines and processes automatically.
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To understand how a PLC performs control operations, it is first necessary to study its
architecture and hardware modules.

2. Core Concepts (= 40 Minutes)
1 PLC Architecture

PLC architecture refers to the internal structure and arrangement of hardware components
in a PLC system. A typical PLC consists of the following modules:

Programming ==
Device (PC/HMI)

Memory
(RAM/ROM)

Bus Interface

Sensors \ @
i CPU 7 Relays
Switches @—b Input Modules (Central =3 Output Modules Mote!
v Lotic Unnit) l Shanters
Pushbuttons/ -H_ H Q
Indicator Lights
Pushbuttons # ndicator Lig

Power
D Supply D( )

o

Input Power Supply Output Modules
e Sensors A 24V OC [l
Switches _L‘A/ 230VAC |@ Iﬁ ' O3 @
siBy Rt ons g g Relays Motor Starters
Indicator Lights

Fig 2.2 Block Diagram of Programmable Logic Controller
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e Power Supply

e C(Central Processing Unit (CPU)
e Memory Unit

e Input Modules

e Output Modules

e Communication Modules

e Backplane (Bus System)

2 Power Supply Module

The power supply module converts 230V AC into low-voltage 24V DC, which is required for
PLC operation. It supplies power to the CPU, memory, and I/O modules. Stable power supply
ensures reliable and uninterrupted PLC performance.

3 Central Processing Unit (CPU)
The CPU is the brain of the PLC. It performs the following functions:

e Reads input signals
e Executes the user program
e Updates output signals

e Performs diagnostics and communication

The CPU works continuously in a cycle known as the PLC scan cycle.

4 Memory Unit

The memory unit stores:
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e PLC operating system
e User control program

e [nput/output status and data values

Types of memory used:

e ROM / Flash memory
e RAM

e EEPROM

S Input Modules

Input modules receive signals from field devices such as push buttons, limit switches, and
sensors. These modules convert real-world signals into logic signals that the CPU can process.

3. Summary & Quick Q&A (= S Minutes)

e PLC architecture consists of different hardware modules
e CPU controls all operations
e Input modules sense field signals

e Power supply provides required DC voltage
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¢ Lecture-2 (60 Minutes)

2.1.2 PLC Modules — Output, Communication & Applications

1. Quick Revision & Introduction (= 5 Minutes)

In the previous lecture, we studied PLC architecture, CPU, memory, and input modules. In this
lecture, we will continue with output modules, communication modules, backplane, and
industrial applications of PLC architecture.

2. Core Concepts Continued (= 40 Minutes)
1 Output Modules
Output modules transfer control signals from the CPU to field devices such as:

e Relays
e C(Contactors
e Motor starters

e Indicator lamps

They convert low-power logic signals into signals capable of driving industrial loads.

2 Communication Modules
Communication modules enable data exchange between PLC and:

e HMI
e SCADA

e Other PLCs

Common communication protocols include Ethernet, Modbus, and Profibus. These modules are
essential for modern automation systems.
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3 Backplane (Bus Interface) —

The backplane is an internal part of the PLC system.
It connects all PLC modules physically and electrically.

It provides a common platform to mount CPU, input, output, and communication
modules.

The backplane transfers power from the power supply to all modules.

It allows data communication between the CPU and other modules.

It ensures proper coordination among all PLC components.

Without a backplane, PLC modules cannot work together as a single system.

Hence, the backplane is essential for smooth and reliable PLC operation.

3. Real-World / Industry Applications (= 10 Minutes)

PLC is widely used in many industries due to its reliability, flexibility, and easy maintenance.

Common Applications:

Motor control panels — start/stop and protection
Conveyor belt systems — object detection and counting
Water level control systems — tank filling and emptying
Power plants — boiler and turbine control

Manufacturing & process industries — automation of production lines

& Real-Life Example:
In a water tank system:

Input — Level sensor
PLC logic — Decision
Output — Motor ON/OFF
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Applications of PLC

Motor Control Panel

Water Level
Control System

Conveyor System

Power Plant

Control System

Water Level
Control System

Power Plant
Control System

Manufacturing/
Process Industry

Fig. 2.3 Applications of PL.C

In all these applications, sensors provide inputs, the CPU processes logic, and output modules
machines.

control
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4. Summary & Q&A (= 5 Minutes)
Key Points

e Output modules control field devices
e Communication modules enable networking
e Backplane connects all modules

e PLC architecture forms the foundation of automation

Common Student Questions

e Difference between input and output modules
e Role of communication module

e Importance of backplane

@ Mentorship Note (Career Guidance)
Understanding PLLC Architecture & Modules is essential for:

e [earning PLC programming
e Industrial panel wiring
e Automation projects

e (areers in manufacturing, power plants, and automation industries

& A4 strong foundation in PLC hardware leads to confidence in programming and
troubleshooting.
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Topic—-2.2: Input & Output Devices

¢ Lecture — 3 (60 Minutes)

2.2.1 Digital Input Devices & Proximity Sensors

1. Hook / Introduction (= 5 Minutes)

When you press the start button of a motor, how does the PLC know that you pressed it?
When a conveyor stops automatically after a box reaches the end, who informs the PLC?

The answer is input devices.

Input devices act as the eyes and ears of a PLC. They sense physical conditions and send

information to the PLC in electrical form. Without inputs, a PLC cannot take any decision.

s //

@x \\L_ Ja, &

_ﬁl?

ﬁ 0000000 \ E[%l
T A

Fig. 2.4 Inputs—PLC—Outputs

2. Core Concepts (= 40 Minutes)
2.1 Digital Input Devices

Digital inputs provide only two states:

e ON(1)
e OFF (0)

a) Push Button
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A push button is a momentary contact device.

e Normally Open (NO)
e Normally Closed (NC)

Normally Open PLC Digital
Push Button Input Module
I il R
+24V O O O
----------------- >» | O | oo
24V DC O
Power Supply o)
O
O
- O | Common
\ r,

Fig. 2.5 Push Button connection to PLC
Used for:

e Start / Stop operations
e Jogging control

b) Selector Switch
A selector switch is a maintained contact device.
e Positions: ON-OFF, Forward—Reverse, Auto—-Manual

Used where mode selection is required.

¢) Limit Switch
A limit switch is a mechanically operated switch.

e Activated by physical movement of machine parts



Used for:

e End position detection
e Safety interlocking

2.2 Proximity Sensors (Introductory Level)

Proximity sensors detect objects without physical contact.

a) Inductive Proximity Sensor

e Detects metal objects only
e Uses electromagnetic field

Applications:

e Gear tooth sensing
e Shaft position detection

b) Capacitive Proximity Sensor

e Detects metal and non-metal objects
e Uses electrostatic field

Applications:

e Level sensing of liquids
e Detection of plastic, wood, glass

< Fun Fact: Proximity sensors increase machine life because there is no mechanical wear.

3. Real-World / Industry Applications (= 10 Minutes)

Push buttons start and stop motors

Limit switches protect machines from over-travel
Inductive sensors count metal objects on conveyor
Capacitive sensors detect liquid level in tanks

4. Summary & Q&A (= 5 Minutes)
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Key Points

e Digital inputs give ON/OFF signals
e Sensors provide information to PLC
e Proximity sensors work without contact

Common Doubts

e Difference between NO and NC
e Why inductive sensor detects only metal
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¢ Lecture — 4 (60 Minutes)

2.2.2: OQutput Devices & Analog Sensors

1. Quick Revision & Introduction (= 5 Minutes)

In the previous lecture, we studied input devices, which tell the PLC what is happening in the
field.

PLC Processing

@5 Thermocouples
T=785°C

Pressure Transducers Motors
-

T Pad2 bar
[é%] Flow Meters -I- Valves [:Ej
F=250 Limin

-.-O-w Level Sensors Actuators

Action

| (Qutput Devices)
|

|
Feedback f |
(Analog Sensors) |

-

1\ 4-20mA Signals

Physical Process

Fig.2.6 From Digital Decisions to Physical Control and Continuous Feedback

In this lecture, we will learn output devices, which perform actions, and analog sensors, which
provide continuous signals.

2. Core Concepts (= 40 Minutes)

2.3 Output Devices
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Output devices receive signals from the PLC and perform physical actions.

Driver

Physical Action
(High Energy)

I PLC Logic
(Low Voltage)

Fig.2.7 Output Devices: Translating Logic into Force

a) Relay

Common Contact

.
LS
S LT T

(Il

Normally Open
(NO) Contact

Coil
(Energized by PLC)

.r el __[l_uh

ALY

&N

Fig.2.8 The Relay: Electrical Isolation and Low-Power Switching
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A relay is an electrically operated switch.

e Used for low-power applications
e Provides electrical isolation

Applications:

e Indicator lamps
e Small motors

b) Contactor

A contactor is used for high-power loads.

IEFS
§08

Fig.2.9 The Contactor

e Controls motors
e Operated using relay or PLC output
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¢) Solenoid Valve

A solenoid valve converts electrical signal into mechanical motion.

-~
——
4—
ELECTRICAL
INPUT
Coil
A 4
Plunger
Valve Body
INLET —-——- — sl OUTLET

De-energized (Closed) | Energized (Open)

ELECTRICAL
“ T INpuT

MAGNETIC
FORCE

Plunger (Up)

Fluid Flow

Fig.2.10 Solenoid Valves: Controlling Fluid and Motion

e Used to control air, water, or oil flow

Applications:

e Pneumatic systems
e Hydraulic systems

d) Solid State Relay (SSR)

SSR has no moving parts.
Advantages:

e Fast switching
e Long life
e No noise

69



N

LOAD

Fig.2.11 Solid State Relay (SSR)

2.4 Analog Sensors (Basic Idea)
Analog sensors provide continuous output signals such as:

e (0-10V
e 4-20mA

a) Temperature Sensor

e RTD, Thermocouple
e Used in furnaces, boilers
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RTD (Resistance Temperature Detector) Thermocouple

Safety Coded

Resistance
Elementxx

e”/E;ZZStance change

with temperature

together

R\Measurement
Junction

High accuracy and stability. Durable, wide temperature range.

Fig.2.12 Temperature Sensor
b) Flow Sensor

e Measures flow of liquid or gas
e Used in pipelines and process industries

¢) Pressure Sensor

e Measures pressure of fluid
e Used in compressors and hydraulic systems

Fig.2.13 Flow Sensor and Pressure Sensor
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3. Real-World / Industry Applications (= 10 Minutes)

Relays and contactors control motors

Solenoid valves control fluid flow

Analog sensors maintain temperature, pressure, and flow automatically
SSRs are used in high-speed control systems

4. Summary & Q&A (= 5 Minutes)

SENSES Sense — Decide — Act THE MUSCLES
THE BRAIN ‘Jﬁ'&
S L =m__ L
PLC e — o0cCH =
% g PR — =

e =S

I

Fig.2.14 From sensing to action the complete system of PLC

Key Points

e Output devices perform actions
e Relays and contactors control loads
e Analog sensors provide continuous data

Common Doubts

e Difference between relay and contactor
e Why 4-20 mA is preferred in industry

@ Mentorship Note (Career Guidance)

Understanding Input & Output Devices is essential for:

PLC wiring and commissioning

Troubleshooting industrial panels

Automation projects

Careers in manufacturing, power plants, and process industries

72



e Topic-2.3: Programming Basics

¢ Lecture-5 (60 Minutes)
2.3.1: PLC Scan Cycle & Importance of Scan Time

1. Hook / Introduction (= 5 Minutes)

Have you ever wondered how a PLC reacts almost instantly when you press a START push
button?

Why does a motor stop immediately when a safety switch is pressed?

This happens because a PLC works continuously in a fast and systematic manner called the PLC
Scan Cycle. Understanding this cycle is the foundation of PLC programming. Without
knowing how a PLC thinks and operates internally, correct programming is not possible.

2. Core Concepts (= 40 Minutes)

2.3.1 PLC Scan Cycle

The PLC does not execute instructions randomly. It follows a repetitive sequence of operations,

known as the scan cycle.
Al

The PLC reads the
status of all connected
input devices like

=

.~ Why Speed Matters:
N Scan Time
© What is Scan Time?

It's the total time taken to

e complete one full cycle, often
just milliseconds.

buttons and sensors. ve— Faster is Better
Q) 2 prosen S "oty et
3 = ast scan time is critical
V ' Execution for high-speed machines
N " ‘ and safety applications
g : y app L

Factors Affecting Scan Time

([=]b
@0 y E fol (@)
/ 4 = / @ DR =
Based on the program -/ == ot
results, the PLC turns " = e
outputs like motors and \/ P{:ﬂ;r‘n CPU Power Com?::ll:axlon
lights on or off.

Program length, CPU power, and communication
tasks all influence the cycle speed.

Fig.2.15 Anatomy of PLC Scan cycle

The PLC scan cycle consists of three main steps:

73



1. Input Scan
2. Program Execution
3. Output Update

Repeat.

Fig.2.16 PLC scan cycle

1. Input Scan

3. Output
Update

Repeat.

3. Output
Update

e PLC reads the status of all input devices
e Inputs such as push buttons, limit switches, and sensors are checked
e [nput status is stored in memory
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/\ Important: Inputs are not checked continuously during program execution.

2. Program Execution

Repeat.

1. Input Scan

3. Output 2. Program
Update Execution

e PLC executes the ladder logic program line by line
e Uses stored input values

e Performs logic operations (AND, OR, timers, counters)

Analogy:

Just like a student solves a question paper step-by-step, the PLC executes instructions one rung at
a time.

3. Output Update

Repeat.

3. Output 2. Progra
Update xecutio

e Based on logic results, PLC updates output devices
e Relays, contactors, lamps, and solenoids are energized or de-energized
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2.3.2 Importance of Scan Time
Scan time is the total time taken to complete one full scan cycle.
Factors affecting scan time:

e Number of program instructions
e Type of PLC CPU
e Communication tasks

& Why scan time is important:

e Faster response to inputs
e Accurate control in high-speed machines
e C(ritical for safety applications

¢ Fun Fact: Modern PLCs complete scan cycles in milliseconds.

3. Real-World / Industry Applications (= 10 Minutes)

e Emergency stop systems depend on fast scan time
e Conveyor sorting systems require quick input detection
e Packaging machines need accurate output response

4. Summary & Q&A (= 5 Minutes)
Key Points

e PLC works in a scan cycle
e [nput — Execute — Output
e Scan time affects system performance

Common Doubts

e Why PLC doesn’t read input continuously
e What happens if scan time increases
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¢ Lecture—6 (60 Minutes)

2.3.2 IEC 61131-3 Programming Languages

1. Hook / Introduction (= 5 Minutes)

Different engineers across the world use different PLC brands.
So how do PLCs maintain common programming standards?

A=

Q%I i"“

To solve this, an international standard called IEC 61131-3 was introduced. It defines standard
PLC programming languages used globally.

2. Core Concepts (= 40 Minutes)
2.3.3 IEC 61131-3 Programming Languages

The standard defines five PLC programming languages. In Diploma courses, the main focus is
on Ladder Diagram (LD).

a) Ladder Diagram (LD) — Main Focus
Ladder Diagram resembles electrical relay logic diagrams.
Structure:

e Two vertical power rails
e Horizontal rungs
e [nputs on left, outputs on right
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Common elements:

e Normally Open (NO) contact
e Normally Closed (NC) contact
e Colil

L1

L2

Hard-wired Relay Logic

From Hardware I Te colL
to Software
e 0( )3_
A
Ladder Diagram Logic

Fig.2.17 Relay logic —Ladder Diagram

s& Why Ladder Diagram is popular:

e FEasy to understand
e Suitable for electrical students
e FEasy troubleshooting

b) Functional Block Diagram (FBD) —

e Uses blocks like AND, OR, timers
e Graphical representation
e Used in process industries

¢) Structured Text (ST) —

e Text-based programming
e Similar to C or Pascal
e Used for complex calculations
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d) Sequential Function Chart (SFC) —

e Used for step-by-step operations
e Suitable for batch processes
e Shows sequence clearly

3. Real-World / Industry Applications (= 10 Minutes)

Ladder logic controls motors and conveyors
FBD used in process control

ST used for mathematical operations

SFC used in packaging and batch systems

4. Summary & Q&A (= 5 Minutes)

Key Points

LADDER DIAGRAM (LD): The Industry Standard OTHER SPECIALIZED LANGUAGES

Resembles an Electrical Relay Diagram

Functional Block Diagram (FBD)

Uses graphical blocks (AND,
OR, Timers) connected by lines,
ideal for process control.

Its structure mimics hardwired relay logic, making it i
intuitive for electricians and technicians. ; Structured Text (ST)

Why is Ladder Diagram So Popular? ] SN A high-level, text-based

o 0 ¢ ENDRIES language similar to C or Pascal
° Easy to understand, visually troubleshoot, = for complex calculations.

R4’ and ideal for discrete control logic.

o Basic Rung Structure Pt B Sequential Function Chart (SFC)
| .
|—| STEP2 A graphical method for
;,_Il programming step-by-step
INPUTS OUTPUTS B sequences, perfect for batch
(like contacts) (like colls) prgcesses P
\ 4 \, s - 4 7
A NotebookLM

Fig.2.18 PLC programming languages

e [EC 61131-3 standardizes PLC programming
e [adder Diagram is most commonly used
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e Other languages are application-specific
Common Doubts

e Why ladder is preferred in industry
e (Can multiple languages be used together

@ Mentorship Note (Career Guidance)
Understanding PLC Scan Cycle and Programming Languages helps you:

Write efficient ladder programs

Troubleshoot PLC systems

Handle real industrial automation projects

Prepare for careers in automation, maintenance, and commissioning

s® 4 good PLC programmer first understands how the PLC executes the program.
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¢ Lecture-7 (60 Minutes)

2.4 - PLC 1I/0O Addressing & Wiring

1. Hook / Introduction (= 5 minutes)

Start the class with a question:
A\

1
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Ao | Tho--
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Fig.2.19 How does a machine know what to do?

“Imagine you are controlling a factory conveyor with 10 motors and 15 sensors.
How would the PLC know which motor to start and which sensor is giving
feedback?”



Explain: In a PLC system, just like your home electrical circuit has labeled switches and sockets,
each input and output in a PLC must have a unique “address.” Without proper addressing and
wiring, the PLC cannot interact correctly with the real-world devices.

Fun Fact: The first PLCs in the 1960s were used to replace complicated relay logic systems in
automobile factories, and even then, engineers had to meticulously label each input/output —
much like we do today digitally!

2. Core Concepts (= 40 minutes)
2.1 Concept of I/O Addressing

e PLC inputs (sensors, switches) and outputs (motors, lights, solenoids) are assigned
unique addresses so the CPU can recognize and control them.

e Why Addressing is Important: Without addressing, the PLC would not know whether a
signal is from a start button or a temperature sensor.

e Analogy: Think of the PLC as a “post office.” Each input/output has a unique “house
number” (address), so the CPU delivers instructions to the correct device.

Types of Addressing:

1. Slot-based Addressing:
o Used in modular PLCs with multiple I/O modules.
o Each module occupies a slot in the rack, and addresses are derived from the slot
number + channel number.
o Example: Slot 1, Channel 0 — I:1.0 (Input), O:1.0 (Output)

CPU

|ooooooo0o]H
=

|[oooooooo]

[oooooo000]

Slotd Slovdl Slot.2

Fig.20 Slot-Based Addressing

2. Terminal-based Addressing:
o Used in compact PLCs or modules with fixed terminal numbers.
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o Each terminal is directly referenced in the PLC program.
o Example: Digital Input DIO — 10.0, Digital Output DO0 — Q0.0

T
AR

DI1
DI2
DI3

CPU e

DO1
DO2
DO3

.(—

0000 0000
O0O00 0000 |

-
-

Fig.2.21 Terminal-Based Addressing
2.2 Digital vs Analog Addressing

e Digital Addressing:
o Represents ON/OFF signals (0 or 1).
o Common devices: Push buttons, limit switches, solenoids, indicators.
o Example:
m Siemens: 10.0, 10.1, 00.0, O0.1
m  Allen Bradley Micro800: 1:0/0, O:0/0
e Analog Addressing:
o Represents continuous signals (voltages or currents, e.g., 0-10V, 4-20mA).
o Common devices: Temperature sensors, flow transmitters, level sensors.
o Example:
m Siemens: IW64 (Input Word), QW64 (Output Word)
m Mitsubishi: AI0, AOO

2.3 Examples from Popular PLC Brands

PLC Brand Digital Input | Digital Output | Analog Input | Analog Output
Siemens S7-1200 10.0 —10.7 Q0.0 - Q0.7 IW64 QW64
Allen Bradley Micro800 | I:0/0 —1:0/7 | O:0/0 —0:0/7 | AL:O AO:0
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Delta DVP X0-X7 YO-Y7 AlO AO0

Mitsubishi FX X0-X7 YO-Y7 AlO AO0

2.4 Common Wiring Rules & Safety

Always turn off power before wiring.

Use twisted pair cables for analog signals to reduce noise.
Separate digital and analog wiring to avoid interference.
Label all terminals and wires for easy troubleshooting.

Check polarity and voltage ratings before connecting devices.
For industrial safety: use fuses, relays, and proper grounding.

3. Real-World / Industry Applications (= 10 minutes)

e Factory Automation:

o Conveyors, robotic arms, and machine tools all rely on precise I/O addressing.

o Example: Each motor in an assembly line has a unique output address for control.
e Process Plants:

o Level sensors and flow transmitters provide analog inputs; valves and pumps are

controlled via outputs.

o Correct addressing ensures accurate control of chemical or water processes.
o Building Automation:

o Digital inputs: door sensors, switches

o Digital outputs: lighting, HVAC controls

o Analog inputs/outputs: temperature and energy monitoring

4. Summary & Q&A (= 5 minutes)

Key Takeaways:
1. Each PLC input/output has a unique address; it is the “identity” for the CPU.
2. Addressing can be slot-based or terminal-based.
3. Digital vs Analog addresses differ: ON/OFF vs continuous signals.
4. Proper wiring ensures safe, reliable operation; always follow industrial wiring rules.

Common Student Doubts:

e “Can analog and digital signals share the same terminal?” — No, separate terminals to
prevent interference.
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e “What happens if an address is repeated?” — The CPU may misread signals, causing
malfunction.

Mentorship Note / Career Tip:

Mastering I/O addressing and wiring prepares you for real-world PLC installation,
troubleshooting, and automation project design. Future roles: Automation Engineer,
Controls Technician, or Maintenance Engineer all require strong skills in reading
PLC wiring diagrams and programming 1/O.
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Lecture: 8 (Duration: 60 Minutes)
Topic-2.5: PLC Software Tools

1. Hook / Introduction (= 5 Minutes)

Imagine you are building a complex LEGO set. The bricks are the hardware, but the instruction
manual is what tells you how to connect them to make a functional car or plane. In the PLC
world, the Software is that instruction manual, the architect's blueprint, and the diagnostic tool
all rolled into one.

Before PLCs, changing a machine's operation meant a technician had to spend days physically
rewiring hundreds of mechanical relays. Today, we simply change a few lines of code on a laptop
and "download" it. But how do we ensure that code won't cause a massive machine to crash?
Today, we explore the digital workspace where engineers create the "logic" that runs the world.

2. Core Concepts (= 40 Minutes)
2.5.1 The Role of PLC Software

PLC software is not just a "text editor." It is a specialized environment that performs four critical
functions:

INDUSTRIAL LOGIC

| 1 =~
| ¥ R ™
' Programming Configuration Communication Debugging
Writing the logic that Telling the PLC exactly Establishing the link | Watching the program
dictates machine action which hardware is between your PC and | runin real-time to find
(e.g., Ladder Diagram, connected to it (e.g., the PLC. and fix errors.
I FBD). ‘Input module in Slot 3'). |
I UL

= = = =

Fig.2.22 The 4 pillars of PLC software

1. Programming: Writing the logic (Ladder Diagram, FBD, etc.).

2. Configuration: Telling the CPU exactly which hardware is connected (e.g., "I have a
16-point DC input module in Slot 3").

3. Communication: Establishing the link between your PC and the PLC via USB, Ethernet,
or RS-232.

4. Debugging: Watching the program run in real-time to find errors.
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2.5.2 Offline vs. Online Programming

This is a core industrial concept.

e Offline Mode: You write the program on your laptop at home or in the office. You are
not connected to the PLC hardware. You can save, edit, and document your work safely.
e Online Mode: Your laptop is physically plugged into the PLC. You can "Monitor" the
live state. If a physical sensor turns ON, you will see the corresponding contact in your
software turn green or highlight in real-time.
o  Analogy: Offline is like writing a letter; Online is like having a live video call.

2.5.3 The Concept of Simulation

Simulation is a "Virtual PLC" running inside your PC. It mimics the hardware's internal memory

and scan cycle.

e Why use it? It allows students and engineers to test logic without owning a 350,000 PLC
kit. You can "Force" an input (pretend a button is pressed) and see if the output coil

activates.

2.5.4 Introduction to Leading Software Tools

Different manufacturers use different software, but the logic remains standard (IEC 61131-3).

SIEMENS

The All-in-One \

Ecosystem PLC Drives

A MELTA

WPLSoft

The Agile &
Accessible Choice

Rockwell
Avutomation

Studio 5000

The Industrial l

Powerhouse
SIEMENS
LOGO!

AN /1N /1N AN
The Smart ——
Starter =

Fig.2.23 Leading Software Tools

1. LOGO! Soft Comfort (Siemens): Used for "Smart Relays." It uses a very simple
"Function Block" style. Great for basic projects like automatic street lights.

2. TIA Portal (Siemens): The "Giant" of the industry. It integrates PLC, HMI (Screens),
and Drives into one massive software. Used in major plants like Tata Motors or AM/NS.
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3. RSLogix / Studio 5000 (Allen Bradley): Very powerful, widely used in the oil, gas, and
food industries.

4. WPLSoft / ISPSoft (Delta): These are very popular in India for small-scale automation
(like packaging machines) because they are lightweight and easy to learn.

3. Real-World / Industry Applications (= 10 Minutes)

Bottle Detect /"
Scnsor =

N\
ImiNi
©

Fig.2.24 Bottle Filling Plant

In a Bottle Filling Plant, the software is used during the "Commissioning" phase. The engineer
sits with a laptop, goes Online, and watches the "Bottle Detect" bit. If the bottle passes but the
software doesn't show the bit turning ON, they immediately know there is a wiring fault or a
sensor alignment issue.

Without the software's diagnostic window, finding a single faulty wire among thousands would
be like finding a needle in a haystack.

4. Summary & Q&A (= 5 Minutes)
Key Takeaways:

e Software is the bridge between human logic and machine action.
e Offline = Development; Online = Debugging/Monitoring.
e Simulation saves time, money, and prevents accidents.

Common Doubt: "Is the software free?"
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Answer: Some, like Delta's WPLSoft, are free. Others, like TIA Portal, require expensive
licenses. However, most brands offer "Trial" or "Student" versions for learning.

@ Mentorship Note (Career Guidance)

Mastering the "Interface":

When you go for an interview, don't just say "I know PLC." Say "I am comfortable with TIA
Portal and WPLSoft." Employers look for students who can navigate the software quickly.

Pro-Tip: I highly recommend downloading the "PLC Ladder Simulator 2" app on your
smartphone or OpenPLC on your PC. These are free tools that let you practice logic while you
are in the bus or at home. If you can show a working simulation on your phone during an
interview, you've already secured the job!
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- STUDENT AI TOOLKIT - UNIT 2

PLC Fundamentals & Hardware

Below is a Student Al Toolkit for Unit—2: PLC Fundamentals & Hardware, designed exactly
as requested.

All prompts are copy-paste ready, exam-oriented, and written in simple Diploma-level
language.

They are generic and discipline-neutral, so students can use them with ChatGPT, Gemini, or
any Al tutor.

A. Low-Level Prompts (Remember & Understand)

(Use these to build strong basics and revise for theory exams)

1.

wnhw

“Explain this topic in very simple words as if I am learning it for the first time. Use
short points and easy examples.”

“Define all important terms from this unit in one-line definitions suitable for exam
answers.”

“Summarize this topic in bullet points that I can memorize before the exam.”
“Explain the basic structure and working principle of this system step-by-step.”
“What is the purpose of each major part in this system? Explain one by one in
simple language.”

“Explain this concept using a daily-life or real-world analogy that a Diploma
student can easily understand.”

“Differentiate between the main components involved in this unit in a simple
comparison table.”

“Explain the basic operating cycle of this system clearly and logically.”

“List the important points that are frequently asked in exams from this topic.”

. “Explain this topic as a short 5-mark answer with proper headings.”

B. Moderate-Level Prompts (Apply & Analyze)

(Use these to understand applications, logic, and problem-based questions)

I1.
12.
13.
14.

15.

“Explain how this concept works in a practical industrial or real-world situation.”

“Compare two related concepts from this unit and explain where each one is used.”

“Given a simple situation, explain how this system would respond step-by-step.”

“Explain common mistakes students make in this topic and how to avoid them in
2

exams.

“Analyze why this method is preferred over traditional methods in control systems.”
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16.
17.

18.
19.

20.

“Explain the signal flow or data flow through this system using a logical sequence.”
“Convert this theory concept into a simple practical explanation suitable for a lab
experiment.”

“Explain how different parts of this system work together to achieve control.”
“Solve a conceptual problem related to this unit and explain the reasoning behind
each step.”

“Explain this topic as a case-based question that could appear in a Diploma exam.”

C. High-Level Prompts (Design & Create)

(Use these to score distinctions, viva confidence, and system-level understanding)

21.

22.

23.

24.

25.

“Design a basic control system using the concepts of this unit and explain the logic
clearly.”

“Create a step-by-step workflow showing how inputs are processed and outputs are
generated.”

“Explain how you would plan and organize a complete system using only the
fundamentals of this unit.”

“Develop a logical sequence or algorithm based on this unit that can be used for
automation.”

“Explain how this unit forms the foundation for advanced automation and control
applications.”

{74 How Students Should Use This Toolkit

Copy one prompt at a time into any Al tool

Add the specific topic name from Unit-2 if needed

Use Low-Level — Moderate — High-Level in sequence for best learning
Ideal for exam preparation, lab understanding, viva, and self-study

Below is a Mastery Check section for Unit-2: PLC Fundamentals & Hardware, prepared
from the perspective of an expert educator and examiner for Diploma Electrical
Engineering students.

The content is exam-ready, OBE-aligned, and suitable for revision, viva, internal
assessment, and Al-assisted learning.
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., MASTERY CHECK - UNIT 2

PLC Fundamentals & Hardware

1. Key Definitions / Glossary (15 Terms)

(Frequently used in exams, vivas, and practical labs)

1.

2.

10.

11.

12.

13.

14.

15.

Programmable Logic Controller (PLC)

A PLC is an industrial digital controller used to automate machines and processes.
CPU (Central Processing Unit)

The CPU is the brain of the PLC that executes the control program and makes
decisions.

PLC Architecture

The internal structure of a PLC showing how CPU, memory, power supply, and I/0
modules are arranged.

Input Module

A PLC module that receives signals from field devices like switches and sensors.
Output Module

A PLC module that sends control signals to devices like lamps, motors, or relays.
Digital Input

An input signal that has only two states: ON or OFF.

Analog Input

An input signal that varies continuously within a range of values.

PLC Scan Cycle

The repeated sequence of input scanning, program execution, and output updating
in a PLC.

Ladder Diagram (LD)

A graphical programming language that looks like an electrical relay circuit.
Memory

The part of PLC that stores the program, data, and system information.

I/0 Addressing

The method of assigning unique addresses to input and output points in a PLC.
Power Supply Module

A module that provides required electrical power to all PLC components.
Communication Module

A PLC module used to exchange data with other controllers or systems.

Sensor

A device that detects physical quantities and converts them into electrical signals.
Actuator

A device that performs physical action based on control signals from the PLC.
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2. FAQ & Assessment Section

A. Multiple Choice Questions (MCQs)
(20 questions covering the full unit)

Q1. The main function of a PLC is to:
A. Measure electrical power

B. Store mechanical energy

C. Control industrial processes

D. Generate electrical power

Q2. Which PLC component executes the user program?

A. Input module
B. Output module
C.CPU

D. Power supply

Q3. Which signal has only ON and OFF states?
A. Analog signal

B. Digital signal

C. Continuous signal

D. Feedback signal

Q4. The PLC scan cycle begins with:
A. Output update

B. Program execution

C. Input scan

D. Memory reset

QS. Which module supplies power to the PLC system?
A.CPU

B. Communication module

C. Power supply module

D. Output module

Q6. Ladder diagram is mainly based on:
A. Mechanical drawings

B. Electronic symbols

C. Relay logic concepts

D. Hydraulic symbols

Q7. Which device is used as a PLC input?
A. Lamp
B. Relay coil
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C. Push button
D. Motor

Q8. Which device acts as a PLC output?
A. Limit switch

B. Proximity sensor

C. Selector switch

D. Solenoid valve

Q9. Analog inputs are generally used to measure:

A. ON/OFF conditions
B. Time delay

C. Physical quantities
D. Logic operations

Q10. PLC memory is used to store:
A. Only input data

B. Only output data

C. Program and data

D. Wiring information

Q11. The last step in the PLC scan cycle is:
A. Input scan

B. Program execution

C. Output update

D. Error checking

Q12. I/0 addressing helps in:
A. Power distribution

B. Identifying I/O locations
C. Increasing speed

D. Reducing wiring

Q13. Which language is graphical in nature?
A. Structured text

B. Instruction list

C. Ladder diagram

D. Flowchart

Q14. Sensors are mainly used to:
A. Control motors

B. Detect physical conditions

C. Amplify signals

D. Store data

Q15. Output devices are used to:
A. Sense conditions
B. Provide feedback
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C. Perform actions
D. Store programs

Q16. Communication modules are used for:
A. Power supply

B. Data exchange

C. Signal amplification

D. Program storage

Q17. Which is NOT a part of basic PLC hardware?
A. CPU

B. Memory

C. Transformer

D. I/0O modules

Q18. Digital outputs generally control:
A. Temperature signals

B. Pressure signals

C. ON/OFF devices

D. Analog sensors

Q19. PLCs are preferred in industry mainly because they are:

A. Cheap

B. Portable

C. Reliable and flexible
D. Mechanical

Q20. The PLC program is executed:
A. Only once

B. Continuously in a loop

C. Only during startup

D. Only on error

"4 Answer Key (MCQs)

1-C, 2-C, 3-B, 4-C, 5-C, 6-C, 7-C, 8-D, 9-C, 10-C,
11-C, 12-B, 13-C, 14-B, 15-C, 16-B, 17-C, 18-C, 19-C, 20-B

B. Short Answer / Viva Questions (10)

(Commonly asked in theory exams and viva-voce)

1. Whatis a PLC and why is it used in automation systems?
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SeEASNR LD

Explain the basic architecture of a PLC.

Describe the function of CPU in a PLC.

What is meant by PLC scan cycle? Explain its steps.

Differentiate between digital input and analog input.

What is I/0 addressing and why is it important?

Explain the role of input and output modules in PLC.

Why is ladder diagram preferred for PLC programming?

What is the function of sensors and actuators in a control system?
0 State two advantages of PLC over conventional control systems.
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= DIGITAL RESOURCE LIBRARY

Unit—2: PLC Fundamentals & Hardware

1. Al Tools & Digital Learning Tools

1. Al Assistants (ChatGPT / Gemini / Copilot)

Purpose / Use-case:
Concept explanation, doubt solving, summaries, viva preparation

How it helps in this unit:

e Explains PLC architecture, scan cycle, and I/O concepts in simple language
e Generates exam-oriented notes, comparisons, and short answers
e Helps students practice reasoning-based questions and viva responses

2. PLC Ladder Logic Simulators (PC / Mobile-based)

Purpose / Use-case:
Virtual simulation of basic PLC logic without physical hardware

How it helps in this unit:

e Visualizes input—output operation
e Helps understand scan cycle and I/O behavior
e Builds confidence before real lab sessions

3. Virtual Automation Labs (Government / Academic Platforms)

Purpose / Use-case:
Remote experimentation and concept visualization

How it helps in this unit:

e Demonstrates PLC hardware structure virtually
e Shows real-time effect of inputs on outputs
e Useful for slow learners who need repeated observation
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4. Diagram & Concept Visualization Tools (Digital Whiteboards / Drawing Tools)

Purpose / Use-case:
Creating block diagrams, architecture diagrams, and flow sequences

How it helps in this unit:

e Helps students draw neat PLC architecture diagrams
e Improves understanding of module interconnections
e Useful for exam diagram practice

5. Presentation & Note-Making Tools (Digital Notes / Slides)

Purpose / Use-case:
Structured note preparation and revision

How it helps in this unit:

e Converts syllabus topics into short revision notes
e Helps prepare quick-reference material for exams and viva
e Encourages self-paced learning

2. Video Learning Repository

(Use the exact table format below for LMS or handbook inclusion)

Topic Name Recommended Channel /[ Search Keywords
Course / Lecturer Name

Introduction to PL.C NPTEL — Industrial Automation | “NPTEL PLC introduction
Courses basics”

PLC  Architecture = & [ NPTEL /IIT Faculty “PLC  architecture CPU

Modules memory IO NPTEL”
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PLC Input and Output
Devices

YouTube — Engineering Education
Channels

“PLC input output devices
explained”

PLC Scan Cycle

YouTube — Automation & Control
Lectures

“PLC scan cycle explained
step by step”

Ladder Diagram Basics

SWAYAM / NPTEL

“Ladder  diagram  PLC

basics SWAYAM”

Digital vs Analog Signals

YouTube — Electrical Engineering
Basics

“Digital vs analog signals
PLC”

PLC I/O Addressing YouTube — PLC Training [ “PLC IO addressing basics”
Channels

PLC Programming | NPTEL “IEC 61131-3 PLC

Languages languages NPTEL”

Sensors and Actuators in
PLC

YouTube — Industrial Automation

“Sensors and actuators in
PLC”

PLC Hardware Overview
(Exam Focus)

Polytechnic / Diploma Faculty
Channels

“PLC
diploma”

hardware basics

"4 How Students Should Use This Library

Watch videos first — build conceptual clarity

Use simulators next — visualize input-output behavior
Use Al tools — revise, ask doubts, and prepare for exams
Ideal for self-study, remedial learning, and revision before exams
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@ Academic Alignment

Supports CO-2: Identify PLC hardware & basic programming concepts
Encourages self-directed learning (NEP-2020)

Suitable for average and slow learners

Ready for LMS upload, student handbook, or blended learning
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QUESTION BANK

Unit-2: PLC Fundamentals & Hardware

(Electrical Engineering — Diploma Level)

1. Most Repeated / High-Probability Questions

These questions are frequently asked as 2-mark, 3-mark, 5-mark, or 7-mark questions in
theory exams.

A. Core Definition-Based Questions

Define a Programmable Logic Controller (PLC).
Define PLC scan cycle.

What is meant by PLC architecture?

Define digital input and digital output.

What is I/O addressing in PLC?

Define analog input with one example.

S

B. Explanatory / Short Descriptive Questions

7. Explain the basic block diagram of a PLC.

8. Explain the function of CPU in a PLC.

9. Describe the function of input and output modules.

10. Explain the importance of power supply in PLC hardware.
11. Explain the steps involved in the PLC scan cycle.

12. Explain the role of memory in a PLC.

C. Diagram-Based / Concept-Focused Questions

13. Draw and explain the block diagram of a PLC.

14. With a neat diagram, explain PLC architecture.

15. Draw a simple ladder diagram and explain its symbols.
16. Explain PLC input and output devices with neat sketches.

D. Comparison / Theory-Application Questions

17. Differentiate between digital input and analog input.
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18. Differentiate between PLC and conventional relay control system.
19. Compare ladder diagram and functional block diagram.
20. Explain why PLCs are preferred in industrial automation.

E. Medium to Long Answer (High Probability)

21. Explain PLC architecture and its modules in detail.

22. Describe different types of input and output devices used with PLC.
23. Explain PLC scan cycle with a neat flow sequence.

24. Explain different PLC programming languages as per IEC standards.
25. Explain PLC I/O addressing and its importance in system design.

_. Exam Tip:
Questions 13, 14, 17, 21, 22, and 23 are very high-probability for S—7 marks.

2. Application & Logical Thinking Questions
(5 Questions — Used for distinction-level scoring)

These questions test application, reasoning, and system understanding, commonly asked as
case-based or descriptive questions.

Q1.

A control system uses switches and sensors as inputs and lamps and actuators as outputs.
Explain how a PLC processes these signals using the scan cycle concept.

Q2.

Explain how digital and analog inputs are handled differently inside a PLC.
Why is proper signal selection important in automation systems?

Q3.

A student wants to design a basic automation system using PLC hardware only.
Explain how CPU, memory, I/O modules, and power supply work together to complete the task.

Q4.
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Why is I/O addressing necessary in PLC systems?
Explain what problems may occur if I/O addressing is done incorrectly.

Q5.

In an industrial control system, reliability and flexibility are critical.
Explain how PLC hardware features help achieve these requirements compared to traditional
control methods.

@ Academic Alignment

Unit Weightage: High (=24%)
Mapped CO: CO-2 (Identify PLC hardware & basic programming concepts)
Bloom’s Levels: Remember — Understand — Apply — Analyze
GTU Pattern Fit:
o Short answer
o Diagram-based
o Descriptive & application-oriented
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UNIT-3:

PLC Programming Techniques
Total Lecture Hours: 8 |
Weightage: 24%

Course Outcome Alignment: CO-3 (U, A levels)

@ Unit Learning Intent (Faculty & Student Perspective)

“By the end of this unit, students will confidently develop ladder logic
programs using timers, counters, interlocking, and logical functions to solve
real industrial automation problems.”

This unit builds the foundation for:

Unit—4 (PLC Industrial Applications)

Practical PLC labs & troubleshooting

Mini projects & case-based questions

Industry readiness (automation logic, maintenance, commissioning)

@ Topic-wise Structured Study Plan (As per Syllabus)

* Legend

C = Core Topic (must-master)
S = Supporting Topic
A = Application-Oriented Topic
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“2 Detailed Teaching Plan Table

Sr. | Syllabus Sub-topics | Category | Suggested | Exam Practical
No | Topic & Teaching Lecture Importance | Relevance
(Strictly As | Focus Hours
Per GTU)
3.1 | PLC . Ladder | C 1.0 hrs
Programmin | diagram High High
g using | structure  °
Ladder Rungs, rails
Diagram « NO/NC
contacts
Output coils
* Relation
with  relay
logic
3.2 | Interlocking |« Start-Stop [ C+ A 1.0 hrs
& Latching | logic . Very | Excellent
Logic Seal-in High
(latching) -
Safety
interlocking
* Industrial
examples
3.3 | Motor . A 1.0 hrs
Forward & | Forward—Re Very | Excellent
Reverse verse ladder High
Control logic .
Electrical vs
logical
interlocking
. Safety
conditions
3.4 | Timers —|+ Need of|C 1.0 hrs
Concept & | timers . High High
Types ON-delay -
OFF-delay
Retentive
timer .
Timing

diagrams




3.5

Timer
Applications

. TON
application °
TOF
application °
Retentive
timer logic *
Industrial
delay
control

1.0 hrs

Very
High

Excellent

3.6

Counters —
Concept &
Types

* Counting
principle
Up counter *
Down

counter .
Reset logic

1.0 hrs

High

High

3.7

Counter
Applications

. Batch
counting
Production
counting
Limit-based
control

1.0 hrs

High

Excellent

3.8

Logical,
Arithmetic &
Analog
Functions

« AND, OR,
NOT logic
Arithmetic
operations ¢
Intro to
analog I/O
logic

S+A

1.0 hrs

Medium

High

7 Total Lecture Hours = 8 Hours

% Logical Learning Flow (Pedagogical Sequencing)

Faculty Teaching Sequence (Recommended):

(1JLadder Diagram Basics (Logic foundation)

(2)Interlocking & Latching (Memory & safety)

3)Motor Control Logic (Real industrial application)
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Timer Concepts (Time-based control thinking)
Timer Applications (Delay-based automation)
Counter Basics (Event-based control)
7)Counter Applications (Production logic)

(§Logical, Arithmetic & Analog Functions

<~ This sequence builds confidence, logical thinking, and exam readiness, and prepares
students perfectly for Unit—4 industrial applications.

@ Core vs Supporting vs Application Mapping

@ Core Topics (Exam + Foundation)

Ladder diagram programming
Interlocking & latching
Timers

Counters

Supporting Topics

e Arithmetic functions
e Analog input/output basics

@ Application-Oriented Topics

Motor forward-reverse control
Timer-based delay systems
Counter-based automation
Safety interlocking logic

| OBE & NEP-2020 Alignment

OBE Aspect How Unit-3 Supports It

CO Mapping Directly supports CO-3 (Develop PLC programs using ladder
logic)

Skill Orientation Emphasis on logic development & problem-solving
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Experiential Strong linkage with PLC programming labs
Learning

Industry Readiness Focus on real industrial control logic

NEP-2020 Hands-on, skill-based, application-first approach

# Strong Link with Practical Experiments
Unit-3 directly supports these labs:

Start—Stop motor control
Forward—Reverse motor logic
Timer-based control circuits
Counter-based automation logic

[

. Tip for faculty:
Teach logic — simulate — execute in lab
| Students retain concepts faster and score higher

Mentor’s Closing Note (For Students)

“PLC programming is not about memorizing symbols.
It’s about thinking logically and predicting how the system will behave.”

Once Unit-3 is strong:

e Unit-4 feels easy
e Labs become enjoyable
e Exams become scoring
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¢ Lecture — 1 (60 Minutes)

Topic-3.1:

PLC Programming using Ladder Diagram

Sub-topics Covered

Ladder diagram structure
Rungs and rails

NO / NC contacts
Output coils

Relation with relay logic

1. Hook / Introduction (= 5 minutes)
Let me start with a simple question:

“When you press a switch and a motor starts, how does the system ‘decide’ to
turn ON?”

Before PLCs, this decision was made using relay logic circuits—wires, contacts, and coils.
Today, PLCs do the same job, but inside software. The beauty is: engineers designed PLC
programming in such a way that electricians and diploma engineers could learn it easily.

That is why ladder diagrams look like electrical circuits.
If you understand relay control, you already understand 50% of ladder logic.

Today’s lecture is important because ladder diagram is the foundation of all PLC
programming. Timers, counters, motors—everything later depends on this.

2. Core Concepts (= 40 minutes)

1 Ladder Diagram Structure
A ladder diagram looks like a ladder:

e Two vertical lines — called power rails
e Multiple horizontal lines — called rungs
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: 1 Input Side Output Side
¢ Two vertical Power Rails act as Left A s A <

the power source. Power Rail ™

* Horizontal Rungs contain the
logical conditions. Rung

¢ Logicis scanned from left-to-
right, and top-to-bottom.

¢ Inputs (conditions) are placed on
the left.

» Outputs (actions) are placed on
the right.

N

Left Power Rail Right Power Rail

Fig. 3.1 The Anatomy of Ladder Rung

e Left rail: Represents power supply (logic TRUE)
e Right rail: Represents return path

Each rung represents one control logic decision.

2 Rungs and Rails

e Rails are constant and never change.
e Rungs contain logic elements such as contacts and coils.

PLC executes rungs top to bottom, left to right—just like reading English.

< Key point for exams:
“One rung = one logic operation.”

3 NO and NC Contacts
Contacts are input conditions.

e NO (Normally Open) contact

o Logic is FALSE when input is OFF

o Logic becomes TRUE when input turns ON
e NC (Normally Closed) contact

o Logic is TRUE when input is OFF

o Logic becomes FALSE when input turns ON
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Normally Open Normally Closed

(NO) Contact (NC) Contact
Allows logic to “flow” Allows logic to “flow”
through when its through until its associated
associated input is input is ON, at which
ON (True). point it breaks the flow.

Fig. 3.2 NO and NC Contacts

<~ Analogy:
Think of NO contact as a door that opens only when someone pushes it.
NC contact is a door that is already open and closes when pushed.

4 Output Coil

Represents an output
(e.g., a motor, a light). It
energizes when the logic
on its rung is True.

Fig.3.3 Coil

The output coil is the result of logic.

e If all contacts before the coil are TRUE — coil energizes
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e [fany contact is FALSE — coil de-energizes
<+ Output coil controls:

Lamp

Relay
Contactor
Motor starter

5 Relation with Relay Logic

This is the most important conceptual bridge.

Relay Logic

Ladder Logic

Physical contacts

Software contacts

Hard wiring

Programming

Modification difficult

Easy modification

Fault tracing slow

Fast monitoring

PLC ladder logic copies relay logic behavior, but:

e No rewiring
e [ess space
e Higher reliability

This is why industries shifted from relay panels to PLCs.

3. Real-World / Industry Applications (= 10 minutes)

Ladder diagrams are used in:

Motor start/stop circuits
Conveyor systems
Packaging machines
Elevator logic

Safety interlocks

Example:

A Start button (NO) and Stop button (NC) control a motor.
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e Start pressed — motor ON
e Stop pressed — motor OFF

Exactly the same logic is written using ladder diagram.

In industry, maintenance engineers read ladder logic like circuit diagrams to troubleshoot
faults quickly.

4. Summary & Q&A (= 5 minutes)

Key Takeaways

Ladder diagram is a graphical PLC programming language
Rails = power reference

Rungs = logic steps

NO/NC contacts = conditions

Output coil = action

Based on relay logic concept

Common Student Doubts

o “Why PLC uses ladder and not code?”
— For easy understanding, troubleshooting, and safety.
e “Is ladder diagram outdated?”
— No. It is still the most used PLC language worldwide.

Mentor’s Closing Note (Career Perspective)

“If you master ladder diagrams, you can understand any PLC—old or new.”

This topic helps you:
e Score well in theory exams
e Perform confidently in labs
e Read industrial control logic
e Step into roles like PLC technician, automation engineer, maintenance supervisor

Master this, and Unit-3 becomes enjoyable instead of difficult.
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¢ Lecture — 2 (60 Minutes)

Topic—3.2: Interlocking & Latching Logic
Sub-topics Covered

Start—Stop logic
Seal-in (latching) logic
Safety interlocking
Industrial examples

1. Hook / Introduction (= 5 minutes)
Let me ask you a very practical question:
“When you press a START button and release it, why does the motor keep
running?”
And another one:
“Why can’t a motor run forward and reverse at the same time?”

Both answers lie in latching and interlocking logic.

These are not just PLC topics—they are safety rules of industry.
A small mistake in interlocking can damage machines, cause accidents, or burn motors.

Today’s topic is extremely important because:

e [tis frequently asked in exams
e Itis directly used in labs
e [tis expected knowledge in industry

If you understand this lecture well, PLC programming will start feeling logical, not
confusing.

2. Core Concepts (= 40 minutes)
1 Start—Stop Logic
Start—Stop logic is the basic control logic for machines.

Components used:
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e Start push button — Normally Open (NO)
e Stop push button — Normally Closed (NC)
e Qutput — Motor / relay coil

< Logic idea:

® Press START — motor turns ON
® Press STOP — motor turns OFF

Motor Control Rung

START STOP
Push Button Push Button Motor

Fig.3.4 Motor Control Rung
But there is a problem...

When you release the START button, the motor should remain ON.
This is where latching comes in.

2 Seal-in (Latching) Logic
Latching means memory.
In PLC:

e We use the motor’s own NO contact in parallel with the START button
e This contact is called a seal-in contact
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<~ How it works:

Press START — motor turns ON

Motor’s NO contact closes

Even if START is released, current flows through seal-in contact
Press STOP — circuit breaks — motor OFF

b S

START STOP
Push Button Push Button Motor

Fig.3.5 Latching Logic

<~ Exam line:
“Latching logic is used to maintain output status even after removal of input signal.”

3 Safety Interlocking
Interlocking means preventing wrong or unsafe operation.
Example:

e A motor should not run forward and reverse simultaneously
e A machine should not start if a safety door is open
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< Interlocking logic idea:

e One output blocks another output
e Uses NC contacts of opposite output

Forward Control

START FWD STOP

Motor

Motor FWD FWD
Contact
(Seal-in)

Reverse Control

START REV sTOP

Motor
Mator REV REV
Contact
(Seal-in)

Fig.3.6 Controlling Forward & Reverse Motion

This ensures:

e If Forward is ON — Reverse cannot turn ON
e If Reverse is ON — Forward cannot turn ON

This is called electrical + logical interlocking.

4 Why Interlocking Is Critical

Fun fact from industry:

Many industrial accidents happen not due to PLC failure, but due to missing

interlocks.
J START FWD STOP Motor FWD
Forwar I 1 [ FahY
Rung | /f’ L
START REV STOP Motor REV
Reverse | 1 | Fa
Rung | X/{I/ f‘ e
'
r
Fig.3.7 Interlocking logic.
Interlocking:

e Protects motors
e Protects operators
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e® Increases machine life

That’s why examiners and industries both love this topic.

3. Real-World / Industry Applications (= 10 minutes)

Interlocking and latching are used in:

5@“" 00000 % E’ @

o a b

Motor Start/Stop  Forward-Reverse Cranes and Elevators Safety Doors and
Panels Conveyor Belts Hoists Emergency Stop

Circuits

Fig.3.8 Real-World Interlocking and latching Applications

Motor start/stop panels
Forward-reverse conveyor belts

Cranes and hoists

Elevators

Safety doors and emergency stop circuits

Example:
In a conveyor system:

e START button latches conveyor ON
e STOP button stops immediately
e Emergency switch interlocks entire system

In real factories, technicians read ladder diagrams to find why a motor is not starting—and
90% of the time, the issue is interlocking.

4. Summary & Q&A (= 5 minutes)

Key Takeaways
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Start—Stop logic controls basic machine operation
Latching provides memory

Seal-in contact maintains output

Interlocking prevents unsafe operation

Essential for exam, lab, and industry

Common Student Doubts

® “Can latching be done without PLC?”
— Yes, using relays. PLC just makes it easier.
e “Is interlocking always compulsory?”
— Wherever safety or conflicting actions exist—yes.

Mentor’s Closing Note (Career Perspective)

“If you understand interlocking and latching, you think like a control
engineer—not just a student.”

This topic helps you:
e Score full marks in ladder-based questions
e Perform confidently in labs and viva
e Design safe automation systems
e Prepare for roles like PLC technician, automation engineer, maintenance supervisor

Master this topic, and you’re already halfway into industrial automation (,
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¢ Lecture — 3 (60 Minutes)

Topic-3.3: Motor Forward & Reverse Control

Sub-topics Covered

e Forward—Reverse ladder logic
e Electrical vs logical interlocking
e Safety conditions

1. Hook / Introduction (= 5 minutes)
Let me begin with a real workshop question:

“What will happen if a motor is commanded to run forward and reverse at the
same time?”

The answer is simple but serious: heavy current, mechanical shock, contactor damage, and
possible accidents.

In industry, one of the first automation tasks given to diploma engineers is motor control.
Among them, forward-reverse control is considered a basic but critical skill. A small logical
mistake here can burn a motor or trip the entire panel.

Today’s topic combines electrical knowledge + PLC logic + safety thinking.
If you understand this well, you are no longer just learning PLC—you are learning industrial
responsibility.

2. Core Concepts (= 40 minutes)

1 Forward—Reverse Control Concept
Forward-reverse control means:

e Motor runs in one direction (Forward)
e Motor runs in opposite direction (Reverse)
e Never both at the same time

Direction reversal is achieved by changing phase sequence (handled electrically), but the
decision and safety are handled by PLC logic.
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2 Forward—Reverse Ladder Logic

Basic components:

e Forward push button (NO)
o Reverse push button (NO)
e Stop push button (NC)
e Forward contactor coil
e Reverse contactor coil
L1 0}
START_FWD STOP FWD_COIL
(1:0/8) (I:0/2) (0:0/8)
| I P L3 3y
6e1 1 T y 4 9,
FWD_SEAL
|1
| |
START_REV STOP REV_COIL
(I:8/1) (I:8/2) (0:0/1)
| | [P & Y
0682 11 rd) U/
REV_SEAL
] 1
|

Each rung contains:

STOP (NC)
START (NO)

Fig.3.9 Forward—Reverse Ladder Logic

Latching contact (seal-in)
Output coil (Forward or Reverse)

O S T R

NO = Normally Open

(Start Action)

=

NC = Normally Closed

(Stop Action)
—E

Coil = Qutput
to Contactor

-O-

3 Logical Interlocking (PLC Interlock)

Logical interlocking is done inside PLC program.

<~ How it is done:

e Forward rung includes NC contact of Reverse coil
e Reverse rung includes NC contact of Forward coil
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This ensures:

e If Forward is ON — Reverse logic is blocked
e If Reverse is ON — Forward logic is blocked

L1 M N
START_FWD STOP  REV_COIL_Interlock FWD_COIL
(1:0/0) (1:0/2) (NC) (0:0/0)
—— 1 ¥ | .
o1 — P4 48 9,
FWD_SEAL
|1
11
START_REV STOP FWD_COIL_Interlock REV_CDIL
(I:0/1) (I:8/2) (NC) (0:08/1)
| | | | £\
602 11 flr /f \
REV_SEAL
|1
11

Fig.3.10 LOGICAL INTERLOCKING

This is software-based safety and is very flexible.

The Logic Rule:

If Forward Coil is ON,
this contact opens,
physically breaking
the path to the
Reverse Coil.

The Reverse action
is now BLOCKED.

4 Electrical Interlocking

Electrical interlocking is done using auxiliary contacts of contactors in hardware.

e Forward contactor has NC auxiliary contact in Reverse coil circuit
e Reverse contactor has NC auxiliary contact in Forward coil circuit

L1 O N
FWD START FWD Coil

REV |
Contactor :g
(k2) Au
- X

REV START
D

Fig.3.11 ELECTRICAL INTERLOCKING

Physical Blockade:
If the Reverse
contactor (K2) is
physically plunged
down, its NG contact
opens. Current
CANNOT reach the
Forward coil,
regardless of what
the PLC output says.
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<~ Key difference:

e Electrical interlocking works even if PLC fails
e [ogical interlocking works inside PL.C only

<~ Exam point:
“In industry, both electrical and logical interlocking are used together for maximum safety.”

5 Safety Conditions

Additional safety conditions often used:

e Stop button (NC)

o Overload relay contact

e Emergency stop

e Time delay between direction change
Fun fact:

Many PLC programs intentionally add a small delay before reversing to protect the
motor mechanically.

3. Real-World / Industry Applications (= 10 minutes)

Forward-reverse control is used in:

Lifting Down
Lowering
Cranes: Interlocking ensures the load Rolling Mills: Precise control for Elevators: Vertical transport requires
doesn't drop during direction change. material handling. fail-safe direction logic.

Fig.3.12 Real-World of Forward-reverse control Applications

e Conveyor belts
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e Cranes and hoists
e Rolling mills
e Elevators
e Machine tools
Example:
In a crane:

e Forward — lifting
e Reverse — lowering
e Interlocking ensures no sudden reversal under load

Maintenance engineers frequently troubleshoot:

e “Motor not reversing”
And the reason is often:
e Interlock contact logic missing or wrong

4. Summary & Q&A (= 5 minutes)

Key Takeaways

Interlocking prevents simultaneous operation
Logical interlocking — PLC program
Electrical interlocking — hardware wiring
Both are essential for safety

Common Student Doubts

® “Can we use only logical interlocking?”
— Not recommended for industrial safety.

o “Why motor should not reverse instantly?”
— Causes mechanical and electrical stress.

Forward-reverse control is direction control of motor

Mentor’s Closing Note (Career Perspective)

“If you can design a safe forward-reverse motor logic, you are already thinking

like an industrial automation engineer.”
This topic helps you:

e Score high in ladder logic questions
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e Perform confidently in labs and interviews
e Understand real control panels
e Build safe automation projects

Master this topic—and industry will trust your logic * %
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¢ Lecture — 4 (60 Minutes)

Topic—3.4: Timers — Concept & Types

Sub-topics Covered

Need of timers
ON-delay timer
OFF-delay timer
Retentive timer
Timing diagrams

1. Hook / Introduction (= 5 minutes)
Let me start with a simple daily-life question:

“When you switch ON a ceiling fan regulator slowly, does the fan reach full
speed immediately?”

No—it takes time.

In industry, machines also cannot and should not act instantly. Motors need time to start,
heaters need time to warm up, conveyors need delay between actions. This controlled delay is
achieved using timers.

In PLC programming, timers are the brain’s clock. Without timers, automation would be fast
but unsafe and unrealistic. This topic is extremely important for:

e [Ladder logic exams
e Practical programs
e Real industrial sequencing

2. Core Concepts (= 40 minutes)
1 Need of Timers
Timers are used to:

e Introduce time delay
e Control sequence of operations
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e Prevent mechanical and electrical damage
e [mprove process safety

<~ Exam line:
“A timer is a PLC instruction used to delay or control output operation based on time.”

Timers work using:

e Preset time (PT) — set by programmer
e Accumulated time (ET) — time counted by PLC

Preset Time (The Goal)
PT Example: 5000ms
Set by the programmer.

IN TIMER Q

Accumulated Time
EF (The Current Count)
Example: 2350ms

Fig. 3.13 Times Instruction

Increases as timer runs.

2 ON-Delay Timer (TON)

ON-delay timer delays switching ON of output.

<~ Working principle:
@ Wait 5 Seconds
e e i e »
Tov
Input ON Output ON

Fig.3.14 The T ON delay timer

1. Input becomes ON
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2. Timer starts counting
3. After preset time — output turns ON

If input turns OFF before time completes — timer resets.

< Simple example:
Press START — motor starts after 5 seconds

>

-
a
&
—
—
e
I

Input (Switch)

Preset Delay Time

Output (Motor)

Low (0)

Voltage / Logic State (0/1)

| 5 | | — | >
Time (t)
Output is delayed AFTER input starts.

Fig.3.15 T OF Timing Diagram

This is the most commonly used timer in industry.

2.3 OFF-Delay Timer (TOF)

OFF-delay timer delays switching OFF of output.

<~ Working principle:
1. Inputis ON — output is ON immediately
2. Input turns OFF
3. Timer starts counting
4. Output remains ON for preset time
5. After time — output turns OFF

<~ Example:
Cooling fan continues running for 10 seconds after machine stops

<> Visual to draw:
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e Input goes OFF
e Output remains ON for delay
e Output goes OFF after preset time

2.4 Retentive Timer (RTO)
Retentive timer remembers elapsed time even if input turns OFF.

< Key feature:
Time is not lost during power or input interruption.

It requires:

e Start input
e Reset input

Input Lost M| Time Retained in Memory
Roboto Mono

Input Returns

Manual Reset Signal R IEITE >

Fig.3.16 Retentive Timer

<~ Example:
A process that must run for total 1 hour, even with interruptions.

<~ Exam point:
“Retentive timer stores accumulated time until reset command is given.”

2.5 Timing Diagrams
Timing diagrams are graphical representation of:

e [nput signal
e Timer counting period
e Output signal
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Examiners often ask:

e Draw ON-delay timing diagram
e Explain operation using diagram

3. Real-World / Industry Applications (= 10 minutes)
Timers are used in:

Star-delta motor starters
Traffic signal systems
Automatic washing machines
Furnaces and heaters
Sequential conveyors

Example:
In a star-delta starter:

e Motor runs in star for few seconds
o Then automatically shifts to delta using timer

Fun fact:

Almost every industrial PLC program contains at least one timer.

4. Summary & Q&A (= 5 minutes)

Key Takeaways

Timers control actions based on time
ON-delay — delays output ON
OFF-delay — delays output OFF
Retentive — remembers time

Timing diagrams are important for exams

Common Student Doubts

e  “Which timer is most used?”
— ON-delay timer.

e “Is retentive timer reset automatically?”
— No, reset must be given separately.
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Mentor’s Closing Note (Career Perspective)
“If logic is the brain of automation, timers are its sense of time.”
Mastering timers helps you:

Write professional PLC programs
Understand industrial sequences

Score high in ladder logic questions

Design safe and realistic automation systems

Once timers become clear, PLC programming starts feeling powerful and intelligent ' 4J
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¢ Lecture — 5 (60 Minutes)

Topic—-3.5: Timers — Timer Applications
Sub-topics Covered

TON (ON-delay) applications
TOF (OFF-delay) applications
Retentive timer logic
Industrial delay control

1. Hook / Introduction (= 5 minutes)
Let me begin with a question from real industrial practice:

“Why doesn’t a heavy motor start immediately when the START button is
pressed?”

Because in industry, time is protection.

In the previous lecture, you learned what timers are. Today, we focus on how timers are
actually used to make systems safe, smooth, and intelligent.

A PLC program without timer applications is like:
A vehicle without brakes and clutch — fast but unsafe.

Understanding timer applications is what separates theory learners from practical engineers.

2. Core Concepts (= 40 minutes)

1 TON (ON-Delay) Timer Applications
TON delays turning ON of output after input is activated.
Application 1: Motor Start Delay

e START button pressed
e TON starts counting
e After preset time — motor starts

<7 Purpose:
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e Reduce mechanical shock
e Avoid high inrush current

Step 2: TON
Step 1: Operator counts 5s

presses START Step 3: Motor
y ) — Energizes

[Start Button]

I I ( TON )
Timer
e
[Timer.Done] [Motor Coil]
"1 'é ) I
| | \

HH
Context: Preventing mechanical stress. +— —— oh

Sequence: The delay allows auxiliary systems (like oil !
pumps) to prime before the main torque is applied.

L=

Benefit: Significantly reduces mechanical shock to gears <}
and manages high inrush current.

Fig.3.17 Motor start protection

Application 2: Sequential Operation
Example:

e Conveyor 1 starts
e After 5 seconds — Conveyor 2 starts

System Start Delay Complete
v v
1 1 1 [l 1 1 [ 1 1 [ l -
I I I Ll I T I | L) I I ol
T=0 T=5s :
A , s : The Problem: If both start together, product piles up at
Conveyor 2 Starts Conveyor 1 the junction.
 Immediately | ( Starts
L ) The Solution: The downstream conveyor must be running before

Bs a;,ay the upstream conveyor delivers product.
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Fig.3.18 Sequential Operations
Each conveyor uses a separate TON, ensuring step-by-step operation.

<~ Exam tip:
“TON is used where delayed ON action is required.”

2 TOF (OFF-Delay) Timer Applications
TOF delays turning OFF of output after input is removed.
Application 1: Cooling Fan Delay

e Machine stops
e Fan continues for few seconds
e Fan turns OFF after delay

This avoids overheating.

Application 2: Lighting Delay

l_./"'\._l

Fig.3.19 Lighting Delay

In corridors or staircases:

e Light remains ON for some time after switch OFF
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This improves convenience and safety.

3 Retentive Timer Logic Applications

Retentive timers store elapsed time even after interruption.
Application 1: Batch Process Timing

Example:

e Total mixing time required = 30 minutes
e Process may stop temporarily
e Retentive timer resumes from stored time

Application 2: Maintenance Scheduling

e Machine run hours tracked using retentive timer
e Maintenance alert after fixed operating time

<~ Important logic note:

e Retentive timer needs a reset instruction

4 Industrial Delay Control Concepts
In real systems, timers are used for:

Interlock delays

Safe switching intervals
Alarm delays

Motor protection

Fun fact:
In many factories, wrong timer setting causes more faults than hardware failure.

That’s why technicians carefully adjust preset time values during commissioning.

3. Real-World / Industry Applications (= 10 minutes)

Timer applications are everywhere:
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Star-delta starters (TON)

Heater cooling fans (TOF)
Automatic doors (TON + TOF)
Packing machines (retentive timers)
Traffic signals (multiple timers)

Example:
In star-delta starter:

e TON ensures star operation for few seconds
e After delay, motor shifts to delta

Without correct timer:

e Motor may trip or burn

4. Summary & Q&A (= 5 minutes)

Key Takeaways
e TON — delayed ON operation
e TOF — delayed OFF operation
e Retentive timer — remembers time
e Timer applications ensure safety and sequence

Common Student Doubts

o “Can one timer do multiple jobs?”

— Yes, but separate timers give better control.
o  “Which timer is safest?”

— Depends on application, not type.

Mentor’s Closing Note (Career Perspective)

“Anyone can write a ladder program—but only a good engineer uses time
wisely.”

Mastering timer applications helps you:

Build industry-ready PLC programs

Handle real commissioning work

Excel in practicals and interviews

Design safe and smooth automation systems
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e ¢ Lecture— 6 (60 Minutes)

Topic—3.6: Counters — Concept & Types

Sub-topics Covered

Counting principle
Up counter

Down counter
Reset logic

1. Hook / Introduction (= 5 minutes)
Let me start with a simple observation from daily life:

“When you enter a bus or a cinema hall, how does the system know how many
people are inside?”

The answer is counting.

In industries, machines don’t just run—they count. Bottles on a conveyor, boxes in a carton,
number of operations completed, number of faulty items rejected—all of this is done using
counters in PLCs.

Timers deal with time, counters deal with quantity.
If timers make automation intelligent, counters make it measurable.

s

. L Timers deal with Time.
hey make automation intelligent.

Counters deal with Quantity.
They make automation measurable. |

Fig.3.20 Machines Don't Just Run-They Count
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This topic is extremely important because:

e Itis frequently asked in exams
e It is used in multiple lab experiments
e [t directly connects PLC programming with production control

2. Core Concepts (= 40 minutes)

1 Counting Principle

—p| CU DN ——»
PRE (Preset) 2. Preset Value (PRE):
1. Input: The Pulse J 10 . The Target ;
(The Trigger) (e.g., Stop after 10 items)

ACC (Accumulator)

3 o 3. Accumulator (ACC):
The Current Count
(e.g., Currently at 3 items)

Fig.3.21 Anatomy of a Counter Instruction

A counter in PLC:

e Counts number of events
e Increments or decrements when it receives a pulse
e Uses a preset value and a current count value

<~ Key idea:
One signal transition = one count

Usually, counting is done using:

o Push buttons
e Sensors
e Limit switches

<~ Exam definition:
“A counter is a PLC instruction used to count the number of occurrences of an input signal.”

2 Up Counter (CTU)
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An up counter counts from zero upwards.
<~ Working principle:
1. Input pulse occurs

2. Count value increases by 1
3. When count reaches preset value — output turns ON

Physical World Logic World

PLCCTU

k4

Ccu DN
PRE (Preset): ((‘))
10 e

ACC (Accumulator): m

10 10

—» RES

Fig.3.22 The bottle Filling system
<~ Simple example:

e Preset value =10
e After 10 products pass the sensor — machine stops or alarm turns ON

Done Bit

Preset Value
A \

A\

@ 1. Input pulse occurs.

Output ON

@ 2. Count value increases by 1.

®: 3. When Count reaches Preset
Value — Output turns ON.

Count Value
T T T

Exam Tip: CTU is the standard [‘
tool for Production Counting. —t—t—t—+—t—t—t+—+—+—+
b Time/Pulses

\ 4

Fig.3.23 UP counter logic
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<~ Exam tip:
“Up counter is commonly used in production counting.’

2

3 Down Counter (CTD)
A down counter counts from preset value to zero.
<~ Working principle:

1. Preset value loaded
2. Each input pulse decreases count by 1
3. When count reaches zero — output turns ON

< Simple example:

e Box packing from 100 items to 0
e When count reaches zero — packing complete signal

> 10 Preset Value
1. Preset value is
loaded at start. ©
2. Each input pulse z
decreases count by 1. 3
Output ON
3. When Count reaches it
Zero = Output turns ON. 0 a0

Time/Pulses
Fig.3.24 Down counter logic
<~ Key difference from up counter:

Up counter — counts events completed
Down counter — counts remaining events

4 Reset Logic
Reset logic is used to:

e (lear counter value
e Restart counting cycle
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<~ Why reset is needed:

e New batch starts
e Error correction
e Manual reset by operator

<~ Reset can be triggered by:

e Push button
e Timer
e Completion signal

Restart Cycle

Fig.3.25 Reset Logic

<~ Important exam point:
“Without reset logic, counters cannot be reused.”

5 Practical Logic Understanding
Fun fact:

Many PLC faults are not wiring issues—but forgotten reset conditions.
That’s why good programmers always design:

e (lear count logic
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e Safe reset conditions

3. Real-World / Industry Applications (= 10 minutes)
Counters are used in:

Bottle counting systems
Packaging and boxing machines
People entry/exit counting
Batch manufacturing

Quality inspection systems

Example:
In a bottle filling plant:

o Sensor detects each bottle
e Up counter increments
e After preset count — filling valve closes

In packing industry:

e Down counter ensures exact quantity per box

4. Summary & Q&A (= 5 minutes)

Key Takeaways

Counters count events, not time

Up counter — counts upward
Down counter — counts downward
Reset logic is essential

Very important for exams and labs

Common Student Doubts

® “Can counter work without sensor?”
— Yes, with any pulse-type input.

o “What happens if reset is not given?”
— Counter retains previous value.

Mentor’s Closing Note (Career Perspective)
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“Automation is not just about running machines—it’s about counting results.”
Mastering counters helps you:

e Design accurate production systems

e Handle real industrial PLC programs

e Perform confidently in practicals and interviews
e Think like a process-oriented engineer

When you master counters, you control quantity—and quantity controls industry [}
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+ Lecture — 7 (60 Minutes)

Topic—3.7: Counter Applications

Sub-topics Covered

e Batch counting
e Production counting
e Limit-based control

1. Hook / Introduction (= 5 minutes)
Let me start with a simple but powerful question:

“If a factory produces 1,000 items in a shift, how does the system know exactly
when to stop, pack, or report production?”

The answer is counter applications.
In the previous lecture, you learned what counters are and how they work. Today, we focus on

how counters are used in real automation systems. This is where PLC programming becomes
useful, meaningful, and industrial.

1. DETECT (Input) 2. COUNT (Process) 3. ACT (Output)

CTU

= - @\ =

Sensor generates PLC logic increments Output signal triggered
a single pulse. the value. at target value.

Fig.3.26 The Anatomy of a count
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Remember:

e Timers control time
e Counters control quantity

Most industrial decisions—stop, alarm, pack, change batch—are based on count values.

2. Core Concepts (= 40 minutes)

1 Batch Counting
Batch counting means:

e Producing or processing a fixed number of items per batch
e Automatically stopping or changing operation when the batch is complete

<7 Basic idea:

e Sensor detects each item
e Counter increments
e When preset value is reached — batch complete signal generated

<~ Example:

e 50 bottles per carton
e After count reaches 50 — conveyor stops and packing starts

COUNTER C5:0
COUNTER

Preset (PRE): 50

Accumulator (ACC): 38T

IF ACC = PRE THEN
Trigger 'Batch Done' (DN) Bit

Fig.3.27 Batch Counting
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<~ Key exam line:
“Batch counting ensures uniform quantity and quality in production.”

2 Production Counting
Production counting is used to:

e Track total number of items produced
e Monitor shift-wise or daily output
e Compare actual production with target

<~ How it works:

e Each product passing sensor generates a pulse
e Counter increments continuously
e Display or data used for monitoring

SHIFT A - PRODUCTION

Fig.3.28 Production Counting
<~ Important point:

e Often uses retentive counters so data is not lost during power failure

Fun fact:
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Many factories judge machine efficiency using production count—not motor speed.

3 Limit-Based Control
Limit-based control means:

e Taking action when count reaches a specific limit
e Used for protection, alerts, and control decisions

<~ Examples:

e Stop machine after 1,000 cycles
e Raise alarm after 100 faulty items
e Maintenance alert after fixed number of operations

<~ Logic concept:

e Counter value compared with preset
e When limit reached — output action triggered

i Limit Reached:
10,000 Cycles

Fig.3.29 Limit-Based Control

<~ Exam-oriented definition:
“Limit-based control uses counter value to trigger predefined control actions.”
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4 Combining Counter Applications

In real PLC programs:

Bl BATCH

==

PRODUCTION |ﬁ

@ umir

Controls Fixed
Quantities.

N2

Ensures Uniformity.

Monitors Total Output.

!

Tracks Efficiency
(Retentive).

Sets Safety Triggers.

2

Ensures Protection.

Fig.3.30 The Architecture of Control

e One counter may be used for batch
e Another for total production
e Another for fault count

This layered use of counters makes automation smart and decision-oriented.

3. Real-World / Industry Applications (= 10 minutes)

Counter applications are widely used in:

Bottle filling plants

Textile machines

Example:
In a pharmaceutical packing

Food packaging units
Pharmaceutical manufacturing

line:

Automobile component assembly

e Batch counter ensures exact tablets per strip
e Production counter records daily output
e Limit counter triggers maintenance alert

Without correct counter logic:

e Overpacking or underpacking occurs

e Quality and cost are affected
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4. Summary & Q&A (= 5 minutes)

Key Takeaways

Batch counting controls fixed quantities
Production counting monitors output
Limit-based control ensures safety and alerts
Counters are essential for quality control

Common Student Doubts

® “Can one sensor be used for multiple counters?”
— Yes, using parallel logic.
o  “What happens if count exceeds preset?”
— Depends on program logic—stop, alarm, or continue.

Mentor’s Closing Note (Career Perspective)

“Good automation doesn’t just run machines—it measures, controls, and
improves production.”

Mastering counter applications helps you:

Design accurate industrial automation
Understand production monitoring systems

Excel in PLC labs and interviews

Contribute to quality and efficiency improvement

When you master counter applications, you start thinking like an industry engineer, not just a
student 33, 4|
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¢ Lecture — 8 (60 Minutes)

Topic-3.8: Logical, Arithmetic & Analog Functions

Sub-topics Covered

e AND, OR, NOT logic
e Arithmetic operations
e Introduction to analog I/O logic

1. Hook / Introduction (= 5 minutes)
Let me begin with a question that connects PLC logic to human thinking:

“When do you carry an umbrella?”
When it is raining AND you are going outside.

“When does an alarm ring?”
When fire OR smoke is detected.

This is exactly how PLC logic works.

Up to now, we controlled machines using timers and counters. But real automation also
requires:

e Decision making
e Mathematical calculations
e Handling continuously changing values

This lecture introduces you to the thinking power of PLCs—Ilogical, arithmetic, and analog
functions that make automation smart and flexible.

2. Core Concepts (= 40 minutes)

1 Logical Functions (AND, OR, NOT)
Logical functions are used to make decisions.
AND Logic

e OQutput is ON only if all inputs are ON
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<~ Example:
Machine runs only if:

e Safety door closed AND
e Emergency stop released

[ & = \

; \-?;\:I

/—/ ! E-Stop
VN

X Fil Release

Safety
Dooxr (A8
Switch '

==

; Machine

o

t

Fig.3.31 And Logic example

OR Logic

e Output is ON if any one input is ON

SIGMAL DATA: 801100 /'lle

THRESHOLD: HAX

Fig.3.32 Two NO contacts in parallel controlling one output coil.
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<~ Example:
Alarm activates if:

e Overload occurs OR
e Over-temperature occurs

NOT Logic
e Output is opposite of input

< Example:
Machine runs only when safety guard is NOT open

<~ Exam tip:
“AND = series, OR = parallel, NOT = normally closed logic.”

2 Arithmetic Operations
Arithmetic functions allow PLCs to calculate values, not just switch ON/OFF.
Common operations:

Addition
Subtraction
Multiplication
Division

<7 Addition Example:
Total power consumption = Motor 1 + Motor 2 + Motor 3

Mator 1
(SkW)

Mator 2
(SkW)

Mator 3
(1OKW)

Fig.3.33 Addition Example

< Subtraction Example:
Remaining stock = Total stock — Dispatched quantity
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BLUEMRINT RAVY CHITE SENSDE TEAL

SERGOR THAL

Dispatched

Oty (150) =

Fig.3.34 Subtraction Example
< Multiplication Example:
Production per hour = Units per cycle x cycles per hour

<+ Division Example:
Average speed = Distance + Time

Multiplication (Forecasting)

Goal: Forecast Production

= :
_ LProductmn Rate = Unlts(F:’ltg)Cycle x Cycles(l;x}er Hour _

12 2

Division (Efficiency)

1 @ Goal: Analyze Performance

l Average Speed = Distance Traveled . Time Taken

(100m) i (20s)
4 1

Fig.3.35 Multiplication and Division Example.

Fun fact:

Arithmetic functions help convert PLC from a “controller” into a basic industrial
calculator.

3 Introduction to Analog I/0O Logic
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Till now, we worked with digital signals (ON/OFF).
But real-world quantities are continuous, such as:

Temperature
Pressure
Speed

Level

These are handled using analog inputs and outputs.
Analog Input Logic

e Sensor sends varying signal
e PLC reads numeric value
e [ogic compares or calculates

<~ Example:
If temperature > set value — fan ON

Physical PLC Input Card

World Vaf}"_"ﬁ 4-20mA 8-18V ;
Electrical Numeric
Signal Value
I ‘*_E
A-QD'L.:
1ee°C Analog to Digital Logic Check Action
IBM Plex Mono Conversion IF Temp > Setpoint IBM Plex Mono
1. Sensor: ' | 2, PLE: TR ol Logic: -
Sends a varying electrical signal Reads signal and converts it to Compares value.
representing temperature. ~ anumber. | IF Temp > Setpoint = Action.
Fig.3.36 Analog Input Logic Example.
Analog Output Logic

e PLC sends variable signal
e Controls actuator proportionally

<~ Example:
Increase heater output gradually as temperature decreases.
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3. Real-World / Industry Applications (= 10 minutes)
Logical, arithmetic, and analog functions are used in:

Safety interlocks (AND logic)

Alarm systems (OR logic)

Guard protection (NOT logic)
Energy monitoring (arithmetic)
Temperature control systems (analog)
Speed and level control

Example:
In a temperature control system:

e Analog input reads temperature
e Arithmetic compares with setpoint
e Logical decision activates heater or fan

Without these functions, automation would be blind and rigid.

4. Summary & Q&A (= 5 minutes)

Key Takeaways

AND, OR, NOT enable decision making
Arithmetic functions perform calculations
Analog logic handles real-world signals
These functions make PLCs intelligent

Common Student Doubts

® “Are arithmetic functions compulsory in PLC?”
— Yes, for monitoring and optimization.

® “Is analog logic difficult?”
— No, once basic concept is clear.

Mentor’s Closing Note (Career Perspective)

“Good automation is not just about turning machines ON—it’s about thinking,

calculating, and controlling continuously.”

Mastering these functions helps you:
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Handle advanced PLC programs

Work with process control systems

Score well in higher-level exam questions

Grow into roles like automation engineer, process technician, control system
specialist

Once you understand logic, math, and analog signals, PLC programming becomes truly
powerful - |
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- STUDENT AI TOOLKIT - UNIT 3

Unit-3: PLC Programming Techniques

O A. LOW-LEVEL PROMPTS (Remember & Understand)

(10 Prompts — for basics, theory clarity, and quick revision)

1.

2.

10.

“Explain this topic in very simple words as if I am learning it for the first time. Use
short points and examples.”

“Define all important terms from this unit and explain each in 2-3 simple lines
suitable for diploma exams.”

“Create a clear summary of this topic with headings and subheadings like a
textbook.”

“Explain the working principle of this concept step by step using an easy daily-life
analogy.”

“List all types covered in this unit and explain the difference between them in simple
language.”

“Explain this topic using a neat block diagram and describe each block in words.”
“What are the key points students must remember from this topic for theory
exams?”

“Explain this concept assuming I have basic electrical knowledge but no
programming background.”

“Convert this topic into short revision notes suitable for last-day exam
preparation.”

“Give 5 one-mark and 5 two-mark questions with answers from this topic.”

© B. MODERATE-LEVEL PROMPTS (Apply & Analyze)

(10 Prompts — for logic building, understanding behavior, and problem-solving)

I1.

12.

13.

14.

15

“Explain this concept with a real industrial example and show how it works step by

step.”

“Compare two related concepts from this unit in a clear comparison table for
2

exams.

“Analyze a simple industrial problem and explain how this programming technique

solves it.”

“Explain common mistakes students make in this topic and how to avoid them.”

. “Convert a real-life control requirement into a logical sequence of steps.”
16.
17.

“Explain how this function behaves during different operating conditions.”
“Give a simple problem statement and explain the solution logic in words.”
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18. “Explain why this concept is important in automation systems and what happens if
it is not used correctly.”

19. “Explain the difference between ideal operation and practical industrial operation
for this topic.”

20. “Create a flowchart-based explanation of this concept suitable for diploma
students.”

@ C. HIGH-LEVEL PROMPTS (Design & Create)
(5 Prompts — for distinction-level answers, projects, and interviews)

21. “Design a complete control strategy for an industrial application using concepts
from this unit and explain the logic clearly.”

22. “Create a step-by-step logical workflow for a real industrial automation problem.”

23. “Explain how multiple programming techniques from this unit can work together in
one system.”

24. “Convert a written industrial requirement into a structured logical solution and
explain the reasoning behind each step.”

25. “Create an exam-oriented long answer (8—10 marks) with diagram description, logic
explanation, and application.”

@ HOW STUDENTS SHOULD USE THIS TOOLKIT

e Use Low-Level prompts before lectures and for theory exams
e Use Moderate-Level prompts after lectures and during lab preparation
e Use High-Level prompts for projects, viva, and distinction scoring

Mentor’s Tip for Students

If you can clearly explain control logic in words before writing any program, you
are already thinking like an automation engineer. These prompts train your thinking
— not just your memory.

If you want, I can next provide:

v/ Unit-wise Al toolkit for Units 1-5
v/ Exam-answer writing prompts
v/ Lab-specific AI prompts

v/ Mini-project AI prompts

Just tell me <&
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{4 Mastery Check — Unit 3

Unit-3: PLC Programming Techniques

designed from the perspective of an experienced examiner and Diploma-level educator, fully
aligned with the GTU syllabus, OBE outcomes, and common exam/viva patterns .

(74 MASTERY CHECK - Unit 3: PLC Programming Techniques

1. Key Definitions / Glossary (15 Terms)

(One-line, Diploma-level, frequently asked in exams & viva)

1.

8.

9.

Ladder Logic — A graphical PLC programming language that resembles electrical relay
control circuits.

. Rung — A horizontal line in ladder logic that represents one control instruction.

2
3.

Scan Cycle — The repeated sequence in which a PLC reads inputs, executes the program,
and updates outputs.

Input Scan — The process of reading the status of all input devices at the beginning of a
PLC cycle.

Program Execution — The stage where the PLC executes ladder logic instructions line
by line.

Output Update — The stage where PLC updates output devices based on logic results.
Latching — A technique used to keep an output ON even after the input is released.
Interlocking — A safety logic that prevents two conflicting operations from occurring
simultaneously.

On-Delay Timer (TON) — A timer that turns ON output after a preset delay time.

10. Off-Delay Timer (TOF) — A timer that keeps output ON for a preset time after input

turns OFF.

11. Retentive Timer — A timer that retains its accumulated value even after power loss.
12.Counter — A PLC instruction used to count events such as pulses or objects.

13. Up Counter — A counter that increments its value for each input event.

14.Down Counter — A counter that decrements its value until it reaches zero.

15. Arithmetic Instruction — PLC instructions used for mathematical operations like

addition and subtraction.

2. FAQ & Assessment Section
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A. Multiple Choice Questions (MCQs)
(20 MCQs — Conceptual, application-oriented, exam-focused)

1. The PLC scan cycle starts with:
A) Output update

B) Program execution

C) Input scan

D) Memory clearing

2. Which PLC programming language resembles relay logic?
A) ST

B) FBD

C) SFC

D) Ladder Diagram

3. Latching is mainly used to:
A) Delay operation

B) Count objects

C) Maintain output state

D) Reset PLC

4. Which timer is used when output must remain ON after input turns OFF?

A) TON

B) TOF

C) Retentive timer
D) Pulse timer

5. Interlocking is mainly used for:
A) Speed control

B) Safety operation

C) Counting pulses

D) Arithmetic calculation

6. Which counter counts objects from zero upwards?
A) Down counter

B) Up counter

C) Retentive counter

D) Pulse counter

7. PLC executes ladder logic in which direction?
A) Right to left

B) Bottom to top

C) Left to right

D) Random

8. Which instruction is used to add two values?
A) AND
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B) OR
C) ADD
D) NOT

9. Retentive timers are mainly used where:
A) Power interruption is expected

B) Fast operation is required

C) No delay is needed

D) Output must blink

10. In ladder logic, outputs are placed on:
A) Left side

B) Middle

C) Right side

D) Top rail

11. Which function is used for bottle counting?
A) Timer

B) Counter

C) Comparator

D) Register

12. AND logic gives output TRUE when:
A) Any input is TRUE

B) All inputs are TRUE

C) No input is TRUE

D) Only one input is TRUE

13. PLC scan time mainly depends on:
A) Wiring length

B) Number of instructions

C) Input voltage

D) Sensor type

14. Which PLC instruction performs logical inversion?

A) AND
B) OR

C) NOT
D) ADD

15. SFC is mainly used for:
A) Arithmetic operations
B) Continuous control

C) Sequential operations
D) Wiring diagrams

16. A pulse timer is commonly used in:
A) Motor control

161



B) Alarm generation
C) Automatic stamping
D) Temperature control

17. Which is NOT a PLC programming language as per IEC 61131-3?
A) Ladder Diagram

B) FBD

C) C++

D) SFC

18. Up-down counters are commonly used for:
A) Motor protection

B) People counting

C) Temperature control

D) Voltage regulation

19. Arithmetic instructions are mainly used in:
A) Safety logic

B) Process calculations

C) Input scanning

D) Output wiring

20. Ladder logic is preferred in industry because it is:
A) Fast to compile

B) Easy to understand and troubleshoot

C) Text-based

D) Graph-free

Answer Key (MCQs)

1-C, 2-D, 3-C, 4-B, 5-B, 6-B, 7-C, 8-C, 9-A, 10-C,
11-B, 12-B, 13-B, 14-C, 15-C, 16-C, 17-C, 18-B, 19-B, 20-B

B. Short Answer / Viva Questions (10 Questions)
(Frequently asked in theory exams & viva)

Explain the PLC scan cycle with neat steps.

Why is ladder logic widely used in industrial automation?
What is latching? Explain its importance in motor control.
Differentiate between interlocking and latching.

Explain the working of an ON-delay timer with an example.
What is the difference between up counter and down counter?
Why are retentive timers used in industrial applications?

Nowubk L=
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8. Explain AND, OR, and NOT logic with simple control examples.
9. What is scan time and why is it important?
10. Explain the role of arithmetic instructions in PLC programming.

@ Examiner’s Tip for Students

If you can clearly explain timers, counters, and latching logic in words before
drawing ladder logic, you are already scoring above average in exams and viva.
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= DIGITAL RESOURCE LIBRARY

Unit-3: PLC Programming Techniques

This library is designed to help students visualize ladder logic, practice programming, revise
concepts, and build confidence for exams, labs, and viva.

1. Al Tools & Digital Learning Tools

¢ 1. ChatGPT / Gemini (Al Learning Assistants)
Purpose / Use-case:

e Concept explanation
e [adder logic explanation in words
e Exam-oriented answers and summaries

How it helps this unit:

e Explains timers, counters, latching, and interlocking step-by-step
e Converts problem statements into logical sequences
e Helps students practice viva answers and theory revision

¢ 2. PLC Ladder Simulator (PC / Mobile-based)
Purpose / Use-case:

e Practice ladder logic without physical PLC
e Simulate basic control programs

How it helps this unit:

e Students can test motor start/stop, timers, and counters
e Visualizes how inputs and outputs change during scan cycle
e Ideal for slow learners and home practice

¢ 3. OpenPLC Simulator
Purpose / Use-case:

e Open-source PLC simulation platform
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e Supports standard PLC programming concepts
How it helps this unit:

e Helps understand scan cycle and execution sequence
e Allows testing of ladder logic in a realistic environment
e Builds confidence before lab sessions

¢ 4. Online Ladder Logic Visualizers
Purpose / Use-case:

e Step-by-step ladder logic visualization
e Understanding logic flow and rung execution

How it helps this unit:

e Shows how PLC executes rungs left to right, top to bottom
e Helps students understand interlocking and latching clearly
e Useful for exam diagram understanding

* 5. Digital Note & Mind-Map Tools (OneNote / Notion / Draw.io)
Purpose / Use-case:
e C(reate digital notes, flowcharts, and logic diagrams
How it helps this unit:

e Students can draw ladder logic, scan cycle diagrams, and flowcharts
e Useful for revision and concept linking
e Supports self-paced and visual learning

2. Video Learning Repository

(Students should search using the given keywords on the mentioned platforms. No direct links

required.)
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Topic Name Recommended Channel / Course | Search Keywords
/ Lecturer Name
PLC Scan Cycle NPTEL - Industrial Automation “PLC scan cycle NPTEL
diploma”
Ladder Diagram Basics | Learn PLC Programming | “Ladder logic basics for
(YouTube) beginners”
Latching & Interlocking | RealPars (YouTube) “PLC latching and

interlocking explained”

Timers in PLC

Instrumentation Academy

“PLC on delay off delay
timer ladder logic”

Counters in PLC

PLC GURU

“PLC counter up down ladder
logic”

Arithmetic Instructions

Engineering Funda

“PLC arithmetic instructions
ladder logic”

Logical Instructions
(AND OR NOT)

All About Automation

“PLC AND OR NOT logic
ladder diagram”

IEC 61131-3 Overview

NPTEL — Control & Automation

“IEC 61131-3
programming languages”

PLC

Industrial Examples

SWAYAM — Automation Courses

“PLC industrial applications
ladder logic”
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Exam & Viva Prep

Diploma Study Channels (India)

“PLC
diploma”

viva

questions

@ How Students Should Use This Library

Before Lecture: Watch one short video + ask Al for basic explanation
After Lecture: Practice ladder logic on simulator
Before Exam: Use Al tools for summaries, definitions, and viva practice

Before Lab: Simulate program digitally to avoid mistakes in hardware lab

@ Educator’s & Mentor’s Note

Students who combine Al explanations, simulators, and videos learn PLC
programming faster and retain concepts longer. Digital tools are not shortcuts —
they are smart learning companions.

Mastering Unit-3 using digital resources prepares students for:

e Practical exams
e Industrial training
e Automation projects

e Entry-level PLC and maintenance roles
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Question Bank

UNIT-3 : PLC PROGRAMMING TECHNIQUES

@ PREDICTED QUESTION BANK (GTU / Diploma Pattern)

(JMOST REPEATED / HIGH-PROBABILITY QUESTIONS

These questions are frequently asked or have very high chances based on syllabus weightage
and typical GTU trends.

A. Definition / Short Theory Questions (2—3 Marks)

1. Define PLC programming.

2. What is ladder logic? Why is it preferred in PLC programming?
3. Define interlocking in PLC.

4. What is latching? Explain with a simple example.

5. Define ON-delay timer (TON).

6. What is an OFF-delay timer (TOF)?

7. Define retentive timer.

8. What is a counter in PLC?

9. Define up-counter and down-counter.

10. What is meant by analog input/output handling in PLC?

B. Descriptive / Explanation Questions (4-7 Marks)

11. Explain motor start—stop latching using ladder logic with neat diagram.
12.Explain forward and reverse motor control interlocking with ladder diagram.
13. Explain the working of ON-delay timer with industrial example.

14.Describe OFF-delay timer operation with ladder logic and application.

15. Explain retentive timer and its importance in industrial control.

16. Explain up-counter operation with a suitable application.

17.Explain down-counter operation with ladder logic.

18. Describe AND, OR, and NOT logic functions used in PLC programming.

19. Explain arithmetic operations in PLC with examples.

20.Explain analog input handling in PLC with a temperature sensor example.

C. Diagram / Program-Based Questions (Highly Important)
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21.Draw and explain ladder logic for motor forward-reverse control with interlocking.
22.Draw ladder logic for conveyor delayed start using ON-delay timer.

23. Draw ladder logic for bottle counting system using up-counter.

24 . Draw ladder logic for people entry/exit counting using up-down counter.

25.Draw ladder logic for automatic lamp blinking using timer.

(2JAPPLICATION & LOGICAL THINKING QUESTIONS

(High-scoring / distinction-oriented questions)

These questions test application, logic building, and system understanding.

A. Application-Based Questions (5 Questions)

1.

2.

Design a ladder logic program for a motor such that it starts using a push button and
stops automatically after a fixed delay. Explain the logic used.

A packing machine must count items from 100 to 0 and stop automatically.

a) Identify the PLC function used

b) Explain the ladder logic sequence.

Explain how interlocking improves safety in forward-reverse motor control with a
practical industrial scenario.

A factory wants an exhaust fan to continue running for some time after the machine is
switched OFF.

a) Which PLC timer is used?

b) Explain its ladder logic operation.

Explain how analog input from a temperature sensor can be used to control an output
device in PLC.

2 EXAMINER'’S INSIGHT (For Students)

Very high weightage:

v Latching

v Interlocking

v Timers (TON, TOF, Retentive)

v’ Counters

v Ladder logic diagrams

Scoring tip:

Always draw neat ladder diagrams, label inputs/outputs, and write step-wise working.

B Faculty & Mentor Note
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Mastering Unit—3 helps students to:

e Perform confidently in PLC practical exams

Crack viva-voce

e Handle industrial automation jobs like PLC technician, maintenance engineer, and
automation supervisor.
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Unit—4:

Industrial Applications of PLC

Total Allocated Hours: 6 Hours |

Weightage: ~24%

Unit Objective (Student-Centric)

By the end of this unit, students will be able to understand, design, and explain PLC-based
control logic for common industrial applications such as motor control, level control,
temperature control, and material handling systems.

Topic-wise Study Plan

Sr. | Topic Topic Type Key Suggest [ Exam Practical
No | (As per Learning ed Importanc | Relevance
Syllabus) Focus Lecture |e
Hours
4.1 | DOL Core + Application | Motor 1.5 hrs
Starter for start/stop (Very
Induction logic, High)
Motor interlocking
using PL.C , safety,
ladder
diagram
4.2 | Automatic | Core + Application | Sensor-base | 1.0 hr
Water d control,
Level ON/OFF
Controller logic, level
(Tank automation
Filling)
4.3 | Temperatu | Supporting + | Analog/digi | 1.0 hr
re Application tal input
ON/OFF concept,
Control threshold
logic
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(Heater/Fa
n)
4.4 | Bottle Application-Orient | Sequential | 1.5 hrs
Filling ed control,
System sensor-actu
using ator
Sensors & coordinatio
Solenoid n
Valve
4.5 [ Conveyor [ Advanced/Applica | Decision 1.0 hr
Sorting tion logic,
System multiple
Sensors,
industrial
workflow

Logical Sequencing Rationale

The unit progresses from basic motor control (DOL starter) to process control applications
(level and temperature), and finally to industrial automation systems involving sequencing
and material handling (bottle filling and conveyor sorting).

This mirrors real industry learning paths and builds confidence step-by-step.

Core vs Supporting vs Application Topics

e Core Topics:

o DOL Starter

o Water Level Controller
e Supporting Topics:

o Temperature ON/OFF Control
e Application-Oriented Topics:

o Bottle Filling System

o Conveyor Sorting System

Suggested Teaching Approach (Mentor’s Note)
e Start each topic with a real-life problem (e.g., “Why do motors trip if started

incorrectly?”).
e Draw simple ladder diagrams on the board before software simulation.

172




e Emphasize input—process—output thinking.
e Encourage students to verbally explain ladder logic (helps in viva & interviews).

Diagram & Visual Guidance (for Classroom & Exams)
For every application, students should be trained to draw:

e Block Diagram: Sensors — PLC — Actuators
e Ladder Logic Diagram: Inputs (NO/NC contacts), outputs (coils), timers if used
e Process Flow Diagram: Step-by-step operation sequence

(Example: For bottle filling — sensor detects bottle — solenoid opens — timer runs — solenoid
closes)

Exam Orientation

e Frequently asked as:

o “Explain with ladder diagram”

o “Design PLC logic for ...”
e High scoring unit for average students due to diagram-based answers.
e Strong linkage with practical exams and micro-projects.

Career & Mentorship Note

Mastering PLC-based industrial applications is the turning point from theory
student to industry-ready technician.

These exact applications appear in automation jobs, plant maintenance roles,
interviews, and skill tests.

Students confident in Unit—4 often perform better in projects, internships, and
Industry 4.0 upskilling programs.
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Unit—4: Industrial Applications of PLC

Lecture — 1

Topic—4.1: Case Study — DOL Starter for Induction Motor (with
Ladder Logic)

1. Hook / Introduction (= 10 minutes)

Let us begin with a familiar sight from any workshop or industry: an induction motor starting
with a loud “thud” and drawing high current.
Ask students: “Why don t we connect a motor directly to the supply with just a switch at home?”

Historically, motors were started using manual switches and contactors, but this caused human
errors, unsafe operation, and poor control. With the growth of automation, PLCs replaced
hard-wired logic, making motor control safer, smarter, and more reliable.

Today’s case study—DOL (Direct-On-Line) Starter using PLC—is the first and most
important industrial PLC application. If you understand this, you build confidence to design
many real automation systems.

2. Core Concepts (= 70 minutes)

2.1 What is a DOL Starter?

A DOL starter starts an induction motor by applying full line voltage directly to the motor
terminals using a contactor, along with overload protection.

Key parts in conventional DOL:

Start push button (NO)
Stop push button (NC)
Contactor

Overload relay

Motor

In PLC-based DOL, wiring logic is replaced by ladder logic.

2.2 Why Use PLC for DOL Starter?
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Reduces complex wiring
Easy modification of logic
Better safety and diagnostics
Industrial standard practice

Think of PLC as a smart electrician that never forgets logic.

2.3 PLC Inputs and Outputs (Conceptual Mapping)
Inputs (to PLC):

e Start Push Button
e Stop Push Button
e Overload Contact

Outputs (from PLC):

e Contactor Coil (Motor ON/OFF)

2.4 Ladder Logic Explanation (Step-by-Step)
Rung 1 — Start/Stop Logic with Latching

Start push button is Normally Open (NO)

Stop push button is Normally Closed (NC)

When START is pressed, motor turns ON

A latching contact of motor output keeps the motor ON even after releasing START

Rung 2 — Overload Protection

e Overload contact is wired in series
e If overload trips, PLC de-energizes contactor immediately

< Analogy:

Start button = doorbell

Latching = door lock
Stop/Overload = emergency exit
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Fig.4.1 Ladder diagram of DOL Starter

Fig.4.2 DOL Starter Panel
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ON / OFF 3-Phase Motor Using DOL - Power & Control
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Fig.4.3 Circuit Diagram of DOL Starter
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2.5 Visuals to Draw in Exam
Students should be able to draw:

1. Block Diagram:

Push Buttons — PLC — Contactor — Motor
2. Ladder Diagram:

STOP (NC) — START (NO) — Latching Contact — Motor Coil
3. Power Circuit (simple):

Supply — Contactor — Motor

3. Real-World / Industry Applications (= 10 minutes)
PLC-based DOL starters are used in:

Water pumps
Conveyor belts
Compressors
Cooling fans
Machine tools

In industries, one PLC may control dozens of motors, each with interlocks, alarms, and safety
logic—far beyond what manual wiring can handle.

4. Summary & Q&A (= 10 minutes)

Key Takeaways

DOL starter is the foundation of motor automation
PLC replaces hard-wired logic using ladder diagrams
Latching ensures continuous operation

Overload protection ensures safety

Common Student Doubts

e Why use latching? — To keep motor ON after START release
e s PLC mandatory? — Not mandatory, but industry preferred
e Can this logic be extended? — Yes, to interlocking, timers, and SCADA
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@ Mentorship Note (Career-Oriented)

Every automation engineer starts with motor control.
If you master PLC-based DOL starter logic, you unlock industrial confidence. This
topic directly helps in lab exams, interviews, apprenticeships, and plant

maintenance jobs.
Strong basics here make advanced PLC programming easy and enjoyable later.

Remember: Great automation careers begin with simple, well-understood ladder logic. & 9
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Topic—4.2: Case Study — Water Level Controller for Automatic Tank
Filling (Using Ladder Logic)

Lecture — 2

1. Hook / Introduction (= 5 minutes)

Let us start with a question everyone can relate to:
Have you ever seen a water tank overflow because someone forgot to switch OFF the
pump?

In homes, hostels, industries, and even villages, water wastage due to manual control is very
common. To solve this everyday problem, engineers designed the automatic water level
controller. When this system is implemented using a PLC, it becomes highly reliable, safe, and
suitable for industrial environments. This case study helps students understand how simple
ladder logic can solve real-life problems.

2. Core Concepts (= 40 minutes)

2.1 Purpose of Water Level Controller
The main objective is to:

e Start the pump automatically when water level is low
e Stop the pump automatically when tank becomes full
e Prevent overflow and dry running of the pump

2.2 System Components (Conceptual Understanding)
Inputs to PLC:

e Low-level sensor (LL)
e High-level sensor (HL)
e Manual stop / safety input (optional)

Output from PLC:
e Motor/pump starter contactor
< Analogy:

Think of sensors as the eyes, PLC as the brain, and motor as the muscle.
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2.3 Working Principle (Step-by-Step)

1. When the water level falls below the low-level sensor, the sensor sends a signal to the
PLC.

PLC logic energizes the output, turning ON the pump.

Water level starts rising.

When water reaches the high-level sensor, the PLC receives another signal.

PLC turns OFF the pump automatically.

The system waits until the level drops again.

AN

This creates a closed-loop control system using feedback.

2.4 Ladder Logic Explanation (Exam-Oriented)
Rung 1 — Pump Start Logic:

e Low-level sensor contact (NO)
e High-level sensor contact (NC)
e Output coil = Pump motor

Rung 2 — Latching Logic:

e Pump output contact used for holding the motor ON until high level is reached
Safety Logic:

e If high-level sensor activates, the circuit opens and pump stops immediately.
<~ Key Ladder Logic Concept:

e Low-level = Start condition
e High-level = Stop condition
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Fig.4.4 Ladder Diagram for Water level control
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Inlet Flow Water Level Control

Indication Panel

High Pump Low High
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Local Control Panel
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InstrumentationTools.com

Fig.4.5 Water level control
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Fig.4.6 Water level measurement with PLC logic

2.5 Visuals to Draw (Very Important for Exams)
Students should practice drawing:

1. Block Diagram:
Sensors — PLC — Motor/Pump
2. Ladder Diagram:
LL sensor + HL sensor + Pump coil with latching
3. Tank Diagram:
Tank showing low and high level sensors with pump connection
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These diagrams fetch easy marks in theory exams.

3. Real-World / Industry Applications (= 10 minutes)
PLC-based water level controllers are used in:

Overhead water tanks in buildings
Industrial process tanks

Cooling water systems

Chemical and food processing plants

In industries, multiple tanks are controlled using one PLC, reducing manpower and increasing

efficiency.

Fun Fact: Large water treatment plants may control hundreds of pumps automatically using

PLC and SCADA.

4. Summary & Q&A (= 5 minutes)

Key Takeaways

Automatic water level control saves water and energy
PLC replaces manual switching and relays

Sensors provide feedback for closed-loop control
Ladder logic is simple but powerful

Common Student Doubts

e What if a sensor fails? — Safety logic and alarms are added
e Can timers be used? — Yes, for delay and protection
® s PLC necessary? — Not mandatory, but industry standard

@ Mentorship Note (Career-Oriented)

This case study teaches you how PLC logic directly solves real-life engineering
problems.

Water level control is frequently asked in exams, vivas, and interviews. Mastering
it builds confidence to design larger automation projects, such as tank farms,
process control systems, and smart infrastructure.

Remember: If you can automate water, you can automate industries. o
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Topic—4.3: Case Study — Temperature ON/OFF Control (Heater /
Fan using PLC)

Lecture — 3

1. Hook / Introduction (= 5 minutes)

Let us begin with a daily-life example.
How does an electric iron, water heater, or air-conditioner know when to switch ON and
OFF automatically?

The answer is temperature control. In industries, temperature control is even more
critical—overheating can damage machines, spoil products, or cause safety hazards. Using a
PLC-based ON/OFF temperature control system, industries ensure safe, reliable, and
automatic operation. Today’s case study will show how simple ladder logic can control a
heater or fan based on temperature conditions.

2. Core Concepts (= 40 minutes)

2.1 Objective of Temperature ON/OFF Control
The main aim is to:

e Turn ON a heater when temperature is below a set value
e Turn ON a fan when temperature exceeds a set value
e Maintain temperature within a safe range

This is the simplest form of temperature control, widely used in industry.

2.2 System Components (Conceptual View)
Inputs to PLC:

e Temperature sensor (thermostat or temperature switch)
e [ow-temperature contact
e High-temperature contact

Outputs from PLC:

e Heater contactor
e Fan contactor
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<~ Analogy:

Sensor = thermometer

PLC = decision maker
Heater/Fan = action devices

2.3 Working Principle (Step-by-Step)

Temperature sensor continuously monitors temperature.

When temperature falls below the lower limit, the low-temperature contact closes.
PLC logic turns ON the heater.

Temperature starts rising.

When temperature reaches upper limit, the high-temperature contact closes.

PLC turns OFF the heater and may turn ON the fan.

o0k wN -~

This creates a basic feedback control system.

Fun Fact:
ON/OFF temperature control is also called two-position control, and it is the foundation for
advanced PID control used in industries.

2.4 Ladder Logic Explanation (Exam-Oriented)
Rung 1 — Heater Control:

e Low-temperature sensor contact (NO)
e High-temperature sensor contact (NC)
e Qutput coil = Heater

Rung 2 — Fan Control:

e High-temperature sensor contact (NO)
e Output coil = Fan

Logic Summary:

e [ow temperature — Heater ON
e High temperature — Heater OFF, Fan ON

This logic ensures no overlap, avoiding heater and fan running together.
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Fig.4.7 Ladder diagram of Temperature controller

2.5 Visuals to Draw (Very Important for Exams)

Students should be able to draw and label:
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1. Block Diagram:

Temperature Sensor — PLC — Heater / Fan
2. Ladder Diagram:

Separate rungs for heater and fan with temperature contacts
3. Temperature Range Diagram:

Graph showing temperature vs ON/OFF status

These visuals help examiners quickly understand the logic.

3. Real-World / Industry Applications (= 10 minutes)
PLC-based temperature ON/OFF control is used in:

Industrial ovens and furnaces
Boiler temperature safety control
Transformer cooling systems
Food processing units

Plastic molding machines

In modern plants, this basic control is often combined with alarms, timers, and SCADA
monitoring.

4. Summary & Q&A (= 5 minutes)

Key Takeaways

ON/OFF control is the simplest temperature control method
PLC replaces thermostats and relays

Sensors provide feedback for automatic decision-making
Heater and fan logic must never conflict

Common Student Doubts

® [s ON/OFF control accurate? — Suitable for basic systems
e Can this be improved? — Yes, by adding hysteresis or PID
e s PLC compulsory? — Not compulsory, but industry preferred

@ Mentorship Note (Career-Oriented)

Temperature control is a core industrial skill.
Understanding PLC-based ON/OFF control helps you progress towards advanced
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control systems, such as PID, furnace automation, and process industries. This topic
is frequently used in mini-projects, interviews, and practical exams.

Remember: If you can control temperature, you can control quality. § I
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Topic—4.4: Case Study — Bottle Filling System Using Sensors and
Solenoid Valve

Lecture — 4

1. Hook / Introduction (= 10 minutes)

Think about a soft drink factory or a packaged water plant. Thousands of bottles are filled every
hour, yet very rarely do you see overflow, spillage, or underfilled bottles.

Question to students: Is a human operator filling each bottle with the same accuracy and
speed?

The answer is automation. One of the most common and important industrial automation
applications is the automatic bottle filling system. It combines sensors, solenoid valves,
timing logic, and PLC control to ensure fast, accurate, and hygienic filling. This case study is
extremely important because it introduces students to sequential control, which is a core skill in
PLC programming.

2. Core Concepts (= 70 minutes)

2.1 Objective of Bottle Filling System
The main objectives are:

Detect the presence of a bottle

Fill the bottle with liquid for a fixed quantity or time
Stop filling automatically

Avoid spillage and wastage

This system is widely used in food, beverage, pharmaceutical, and chemical industries.

2.2 System Components (Conceptual Understanding)
Inputs to PLC:

e Bottle detection sensor (photoelectric or proximity sensor)
e Optional start/stop push button

Outputs from PLC:

e Solenoid valve (controls liquid flow)
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e Conveyor motor (optional, for bottle movement)

<~ Analogy:

Sensor = eyes (detect bottle)

PLC = brain (decides action)

Solenoid valve = hand (opens/closes liquid flow)

2.3 Working Principle (Step-by-Step Sequence)

Bottles move on a conveyor toward the filling station.

When a bottle reaches the filling position, the sensor detects the bottle.

The sensor sends a signal to the PLC.

PLC logic stops the conveyor (if used).

PLC energizes the solenoid valve, allowing liquid to flow into the bottle.

A timer inside the PLC runs for a preset filling time.

After the timer completes, the PLC de-energizes the solenoid valve, stopping the flow.
Conveyor restarts and the filled bottle moves away.

The system waits for the next bottle.

PN PN =

This is a sequential control process, where steps occur in a fixed order.

2.4 Importance of Timer in Bottle Filling
In basic systems, time-based filling is used instead of level sensors.
Why timers are used:

e Simple logic

e [ow cost

e Suitable for uniform bottles and liquids

Fun Fact: Many small-scale industries still use timer-based PLC filling systems because they
are economical and reliable.

2.5 Ladder Logic Explanation (Exam-Oriented)
Rung 1 — Bottle Detection & Conveyor Control

e Bottle sensor (NO contact)
e Output: Conveyor motor OFF (optional)

Rung 2 — Solenoid Valve Control with Timer

192



e Bottle sensor contact
e Timer ON-delay (TON)
e OQutput coil: Solenoid valve

Rung 3 — Reset Logic

e Timer done contact
e Solenoid valve OFF
e (Conveyor ON

Key Ladder Logic Concepts Used:

Sensor-based triggering

Timer control

Sequential operation
Interlocking to prevent spillage

Automatic Bottle Filling System

InstrumentationTools.com

@ @

START STOP

Fig.4.8 Automatic Bottle filling system

193



Network 1:

Fig.4.9 Bottle filling PLC Ladder logic
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2.6 Visuals to Draw (Very Important for Exams)
Students should practice drawing the following diagrams neatly:

1. Block Diagram:
Bottle Sensor — PLC — Solenoid Valve / Conveyor Motor
2. Process Flow Diagram:
Bottle arrives — Sensor detects — Valve opens — Timer runs — Valve closes — Bottle
exits
3. Ladder Diagram:
Separate rungs for sensor input, timer, and solenoid valve output
4. Layout Diagram:
Conveyor, bottle position, sensor location, filling nozzle

These diagrams are highly scoring in theory examinations.

2.7 Safety and Improvements (Conceptual Awareness)
In real industries, the system may include:

Emergency stop
Overflow protection
Multiple filling heads
SCADA monitoring

This basic PLC logic becomes the foundation of advanced filling plants.

3. Real-World / Industry Applications (= 10 minutes)
PLC-based bottle filling systems are used in:

Packaged drinking water plants
Soft drink and juice industries
Milk processing units
Chemical liquid packaging
Pharmaceutical syrup filling

In large plants, one PLC controls multiple filling stations, improving productivity and
consistency.

196



4. Summary & Q&A (= 10 minutes)

Key Takeaways

Bottle filling is a classic PLC sequencing application
Sensors detect presence; solenoid valves control flow
Timers ensure consistent filling quantity

PLC logic reduces manpower and wastage

Common Student Doubts

® Why not use level sensors instead of timers? — Timers are simpler and cheaper
® Can accuracy be improved? — Yes, using flow meters or level sensors
® [s this asked in exams? — Very frequently (logic + diagram)

@ Mentorship Note (Career-Oriented)

Bottle filling automation is one of the most industry-relevant PLC applications.
Mastering this topic builds confidence in sequential logic, timer usage, and sensor
integration—skills that are essential for automation technician jobs, industrial
training, and diploma projects.

Remember: If you can automate a bottle filling system, you are already thinking like an industry

automation engineer. o
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Topic—4.5: Case Study — Conveyor Sorting System (Using Ladder
Logic)

Lecture — 5

1. Hook / Introduction (= 5 minutes)

Have you ever wondered how parcels in courier hubs, luggage at airports, or products in
factories are automatically sorted without human hands touching each item?

Imagine hundreds of items moving on a conveyor—how does the system decide where each
item should go?

The answer lies in PLC-based conveyor sorting systems. This case study is important because
it introduces students to decision-making logic in automation, where the PLC not only starts or
stops a motor, but also takes decisions based on sensor inputs.

2. Core Concepts (= 40 minutes)

2.1 Objective of Conveyor Sorting System
The main objectives are:

Detect objects moving on a conveyor

Identify or classify objects based on a condition (size, presence, type, position)
Divert objects to different paths automatically

Improve speed, accuracy, and safety

This system demonstrates conditional and logical control, a key PLC skill.

2.2 System Components (Conceptual Understanding)
Inputs to PLC:

e (Object detection sensor (photoelectric / proximity)
e Sorting sensor (for size, color, or position — conceptually)
e Start/Stop push buttons

Outputs from PLC:

e (Conveyor motor
e Sorting actuator (pneumatic pusher / diverter arm)
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<~ Analogy:

Sensors = eyes

PLC = brain

Actuator = hand that pushes items to the correct path

2.3 Working Principle (Step-by-Step)

Conveyor motor runs continuously when START is pressed.

An object arrives on the conveyor.

The detection sensor senses the object and sends a signal to the PLC.

The PLC checks the sorting condition (for example, sensor ON = large object).
If the condition is TRUE, the PLC activates the sorting actuator.

The actuator pushes the object into a separate bin or conveyor.

If the condition is FALSE, the object continues straight.

After sorting, the actuator returns to its normal position.

e AN Al o e

This is a decision-based automation system.

2.4 Ladder Logic Explanation (Exam-Oriented)
Rung 1 — Conveyor Motor Control:

e START (NO) and STOP (NC) push buttons
e Output coil: Conveyor motor

Rung 2 — Object Detection:

e Object sensor contact (NO)
e Internal relay or memory bit

Rung 3 — Sorting Logic:

e Sorting sensor condition
e Output coil: Sorting actuator

Key Logic Concept:

e [F condition is satisfied — Sort
e ELSE — Allow straight movement

This introduces students to basic IFFELSE logic using ladder diagrams.
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2.5 Visuals to Draw (Very Important for Exams)

Students should practice drawing:

1.

2.

3.

4.

Block Diagram:

Sensors — PLC — Conveyor Motor + Sorting Actuator
Process Flowchart:

Object detected — Condition checked — Sort / No sort
Ladder Diagram:

Separate rungs for motor control and sorting logic
Layout Diagram:

Conveyor belt, sensor positions, diverter location

These diagrams are frequently asked in 7-mark questions.

2.6 Why Conveyor Sorting Is Important in PLC Learning

This case study teaches:

Use of multiple sensors
Decision-making logic

Sequential and conditional control
Real industrial automation thinking

Fun Fact:
Large logistics companies sort thousands of packages per hour using advanced versions of this
same basic PLC logic.

3. Real-World / Industry Applications (= 10 minutes)

PLC-based conveyor sorting systems are used in:

Manufacturing assembly lines
Packaging and inspection units
Courier and logistics centers
Airports (baggage handling systems)
Food processing and grading plants

In advanced systems, this logic is integrated with SCADA and robotics.
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4. Summary & Q&A (= 5 minutes)

Key Takeaways

Conveyor sorting uses decision-based PLC logic
Sensors provide input; actuators perform sorting
Ladder logic uses conditional control

Highly important for exams and industry relevance

Common Student Doubts

e Can more than two types be sorted? — Yes, using multiple sensors
® s PLC compulsory? — Not compulsory, but industry standard
® [s this complex? — Starts simple, becomes advanced gradually

@ Mentorship Note (Career-Oriented)

Conveyor sorting systems are a direct reflection of real industrial automation.
Mastering this topic improves your ability to think logically, design control
systems, and solve practical problems. These skills are essential for automation
technician roles, PLC programmers, and industrial maintenance engineers.

Remember: When you learn to sort intelligently, you learn to automate intelligently. gil ¥
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2@ Student Al Toolkit: Unit—4

Unit—4: Industrial Applications of PLC

A. Low-Level Prompts (Remember & Understand)

(10 prompts — for basics, definitions, and clarity)

1.

(98]

SN

*®

10.

“Explain the basic purpose of an automated control system in simple words, with one
real-life example.”

“Define ladder logic and explain why it is commonly used in industrial control systems.”
“List and explain the basic parts of an automated system using clear bullet points.”
“Explain the working principle of a simple ON/OFF control system as if teaching a
beginner.”

“Summarize the main objectives of automation in industries in short and easy language.”
“Explain what is meant by a control sequence in an automated process.”

“Describe the difference between manual control and automatic control with simple
examples.”

“Explain the role of inputs and outputs in any control-based system.’
“Give a short note explaining why safety is important in industrial automation.”

“Create a quick revision summary of basic control concepts suitable for last-day exam
preparation.”

)

B. Moderate-Level Prompts (Apply & Analyze)

(10 prompts — for understanding, logic, and exam scoring)

I1.

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

19.

“Explain how a step-by-step control process works in an automated system using a
real-world example.”

“Compare two different automated systems based on their control logic and application.”
“Analyze a simple control problem and explain how automation improves efficiency.”
“Explain how decision-making happens in an automated system using conditional logic.”
“Describe how sensors and actuators work together in an industrial application.”
“Explain a case study where automation reduces human effort and errors.”

“Analyze why sequence control is important in industrial processes.”

“Explain the difference between continuous operation and conditional operation in
control systems.”

“Break down an industrial process into input, processing, and output stages.’

)
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20. “Write an exam-oriented answer explaining the advantages of automation with suitable
examples.”

C. High-Level Prompts (Design & Create)
(5 prompts — for distinction-level answers and system thinking)

21. “Design a simple automated control workflow and explain each step clearly.”

22. “Create a logical control sequence for an industrial process and explain the reasoning
behind each step.”

23. “Develop a case study showing how automation can solve a real industrial problem.’

24. “Explain how multiple conditions can be handled logically in an automated system.”

25. “Create an exam-ready, diagram-based explanation of an industrial automation
application with proper flow.”

’

{74 How Students Should Use This Toolkit (Mentor Advice)

Use Section A for first-time learning and revision
Use Section B for exam preparation and 5—7 mark answers
Use Section C to score distinctions and improve design thinking
After generating answers, rewrite them in your own words for best exam
performance

e 6 o o
L R R R 4

Final Coaching Tip

Students who learn how to ask the right questions using Al don't just memorize
answers — they learn how to think like engineers.

Use this toolkit regularly, and Unit—4 will shift from “difficult” to “confident.”
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“2 Mastery Check — Unit—4

Unit—4:Industrial Applications of PLC

1. Key Definitions / Glossary (15 Terms)

1.

B w

7.

8.

9.

Programmable Logic Controller (PLC) — A digital industrial controller used to
automate machines and processes.

Ladder Logic — A graphical programming language for PLCs that resembles electrical
relay circuits.

Input Device — A field device that sends signals to the PLC (e.g., switches, sensors).
Output Device — A device controlled by the PLC to perform an action (e.g., motor, lamp,
valve).

Control Sequence — The defined order in which operations occur in an automated
system.

Relay Logic — Traditional control logic using electromechanical relays, now replaced by
PLC logic.

Solenoid Valve — An electrically operated valve used to control fluid flow in automation
systems.

Sensor — A device that detects physical conditions such as level, temperature, or position.
Actuator — A device that converts electrical signals into mechanical action.

10. ON/OFF Control — A basic control method where output is either fully ON or fully OFF.
11. Interlocking — A safety method that prevents incorrect or unsafe operations.

12.Timer — A PLC instruction used to introduce time delays in control operations.

13. Counter — A PLC function used to count events or operations.

14. Automatic Control — A control system that operates without continuous human

intervention.

15.Industrial Automation — The use of control systems to operate industrial processes

efficiently.

2. FAQ & Assessment Section

A. Multiple Choice Questions (MCQs)

(20 Questions — Diploma Level)

1.

The main purpose of a PLC in industry is to:
A. Increase power consumption

B. Automate industrial processes

C. Replace electrical machines

D. Store mechanical energy
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10.

Ladder logic is mainly designed to resemble:
A. Computer flowcharts

B. Mathematical equations

C. Relay control circuits

D. Block diagrams

Which device provides feedback to the PLC?
A. Motor

B. Solenoid valve

C. Sensor

D. Actuator

ON/OFF control is best described as:

A. Proportional control

B. Continuous control

C. Binary control

D. Analog control

Which PLC element executes the control logic?
A. Input module

B. Output module

C.CpPU

D. Power supply

A solenoid valve is mainly used to control:
A. Electrical current

B. Mechanical motion

C. Fluid flow

D. Temperature

Which operation ensures safety in automation systems?
A. Counting

B. Interlocking

C. Switching

D. Sequencing

. A timer in PLC is used to:

A. Increase voltage

B. Measure current

C. Introduce time delay

D. Count pulses

Which control is most suitable for simple heating systems?
A. PID control

B. ON/OFF control

C. Servo control

D. Manual control

In ladder logic, logic flow generally moves from:
A. Bottom to top

B. Right to left

C. Left to right

D. Center outward
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I1.

12.

13.

14.

15.

16.

17.

18.

19.

Which device converts electrical energy into motion?
A. Sensor

B. Actuator

C. Input module

D. PLC memory

Automatic control systems mainly aim to:
A. Increase manpower

B. Reduce efficiency

C. Improve accuracy and safety

D. Increase downtime

A counter is used in PLC to:

A. Measure time

B. Count events

C. Control voltage

D. Detect temperature

Which of the following is an output device?
A. Push button

B. Level sensor

C. Indicator lamp

D. Limit switch

The main advantage of PLC over relay logic is:
A. Larger size

B. More wiring

C. Flexibility and reliability

D. Higher power loss

Control sequence mainly decides:

A. Power rating

B. Order of operation

C. Machine size

D. Wire thickness

Which is NOT a typical PLC application?
A. Motor control

B. Water level control

C. Manual switching

D. Conveyor automation

Sensors are used to detect:

A. Only voltage

B. Physical conditions

C. Software errors

D. Wiring faults

Ladder logic symbols are easy to understand because they are based on:

A. Digital electronics
B. Relay circuits

C. Computer codes

D. Mathematical logic
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20. Industrial automation mainly improves:
A. Human fatigue
B. Process efficiency
C. Manual errors
D. Power wastage

Answer Key (MCQs)

1-B, 2-C, 3-C, 4-C, 5-C, 6-C, 7-B, 8-C, 9-B, 10-C,
11-B, 12-C, 13-B, 14-C, 15-C, 16-B, 17-C, 18-B, 19-B, 20-B

B. Short Answer / Viva Questions (10)

1. Define PLC and state its importance in industrial automation.
2. Why is ladder logic preferred in industrial control applications?
3. Explain the role of sensors in PLC-based systems.

4. What is ON/OFF control? Give one practical application.

5. Explain the concept of interlocking and its importance.

6. Differentiate between input devices and output devices.

7. What is a control sequence? Why is it necessary?

8. Explain the function of timers in automation systems.

9. State any four advantages of PLC over relay logic control.

10. Why is automation important in modern industries?

(74 Examiner’s Note

e MCQs test conceptual clarity
e Viva questions focus on understanding and justification
e Definitions are frequently asked in exams and practicals

“, Mentor Tip:

If you can explain these answers in simple words during viva, you are already
industry-ready.
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= DIGITAL RESOURCE LIBRARY

Unit—4: Industrial Applications of PL.C

1. Al Tools & Digital Learning Tools

1) PLC Simulation Software (Generic PLC Simulators)

e Purpose / Use-case: Practice ladder logic programs without physical hardware.
e How it helps:
o Visualizes inputs, outputs, and rung logic in real time
o Allows students to test case studies like motor control, water level control, and
conveyor systems
o Builds confidence before lab sessions and exams

2) Virtual Automation Labs (Online Virtual Labs)

e Purpose / Use-case: Perform virtual experiments on industrial automation systems.
e How it helps:

o Enables step-by-step understanding of PLC-based control systems

o Useful for students without access to full laboratory setups

o Reinforces theory with experiment-oriented learning

3) Al Assistants (Chat-based Learning Tools)

e Purpose / Use-case: On-demand explanations, summaries, and doubt solving.

e How it helps:
o Converts complex ladder logic or control sequences into simple explanations
o Generates practice questions, viva answers, and revision notes
o Helpful for slow and average learners during self-study

4) Ladder Logic Visualizers / Flowchart Tools

e Purpose / Use-case: Convert control logic into visual workflows.
e How it helps:

o Improves logical thinking and sequence understanding

o Helps students draw neat, exam-ready ladder diagrams

o Useful for planning PLC programs before implementation
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5) Digital Note & Mind-Mapping Tools

e Purpose / Use-case: Organize concepts, sequences, and applications.

e How it helps:

o Summarizes case studies (DOL starter, tank filling, bottle filling, conveyors)
o Improves memory retention through visual learning
o Ideal for last-minute revision before exams

2. Video Learning Repository

Topic Name Recommended Channel / Course | Search Keywords

/ Lecturer Name
Introduction to PLC | NPTEL - Industrial Automation | “NPTEL  PLC  industrial
Applications Courses applications diploma”
Ladder Logic | Government Polytechnic /| “PLC ladder logic basics
Programming Basics Engineering Faculty Channels diploma”

Motor Control using | YouTube — Industrial Automation | “PLC motor control ladder
PLC Lectures logic DOL starter”

Water Level Control | Polytechnic Automation Channels | “PLC water level control
using PLC ladder logic”

Temperature ON/OFF | NPTEL / Academic YouTube | “PLC temperature control ON
Control Lectures OFF ladder logic”

Bottle Filling System | Industrial ~Automation Training | “PLC bottle filling system
Automation Channels ladder logic”

Conveyor Control using
PLC

Polytechnic Practical Video Series

“PLC conveyor control ladder
logic”

PLC Timers and | NPTEL / SWAYAM Courses “PLC timers counters ladder
Counters logic”

Industrial PLC Case | Faculty-led Diploma Channels “PLC case studies industrial
Studies automation”

{74 Student Learning Tips

e Watch videos before lab sessions to understand the sequence of operations
e Pause and redraw ladder diagrams while watching case-study videos
e Use Al tools to explain each rung in your own words — this helps in viva
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e Combine simulators + videos for maximum concept clarity

@ Educator & Career Insight

Students who regularly practice PLC case studies using simulators and video
resources develop strong logical thinking, which is highly valued in core industries,
system integration roles, and future higher studies in automation.

If you want, I can also prepare:

Week-wise self-study plans
# Virtual lab experiment sheets
/" Exam-oriented video watchlists
& Al prompt packs linked to each video topic
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Question Bank

Unit—4: Industrial Applications of PLC (Electrical)

1. Most Repeated / High-Probability Questions

(Frequently asked in theory exams — 3, 5, or 7 marks)

A. Core Definition—Based Questions

Define industrial application of PLC with two examples.

What is meant by a case study in PLC programming?

Define ladder logic and state why it is widely used in industries.

What is the role of inputs and outputs in PLC-based industrial systems?
Define interlocking in PLC control systems.

aobhwbd=

B. Explanatory / Descriptive Questions

6. Explain the working of a DOL starter using PLC with ladder logic description.
7. Describe the automatic water level control system using PLC.

8. Explain temperature ON/OFF control using PLC with neat logic explanation.
9. Describe the operation of a bottle filling system using PL.C.

10. Explain the working principle of a conveyor control system using PLC.

C. Diagram-Based / Concept-Focused Questions

11. Draw and explain ladder logic for DOL starter of an induction motor.

12.Draw a PLC ladder diagram for automatic tank filling system.

13.Draw and explain ON/OFF temperature control ladder logic.

14.Draw the block diagram of a PLC-based bottle filling system and explain.

15.Draw a PLC-controlled conveyor sorting system and describe its sequence of
operation.

D. Comparison / Reasoning Questions

16. Why is PLC preferred over conventional relay logic in industrial applications?
17.Explain the importance of timers and counters in PLC case studies.

18. State the advantages of PLC-based automation in production systems.

19. Explain the need for safety interlocks in PLC applications.
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20. Write short notes on real-time control using PL.C.

2. Application & Logical Thinking Questions
(High-scoring, distinction-level questions — test understanding & reasoning)

1. A motor should start only when a start push button is pressed and stop automatically
during overload.
— Explain the PLC control logic and safety considerations.

2. Design the logic sequence for an automatic water tank system where the pump must not
start if the tank is already full.

3. A heating system must switch OFF automatically once the set temperature is reached and
switch ON again when temperature falls.
— Explain the ON/OFF control logic using PLC.

4. In abottle filling plant, filling must stop if no bottle is detected.
— Explain how logical conditions and interlocks are implemented using PLC.

5. A conveyor system must sort objects based on detection signals.
— Explain the sequence of operations and logical flow using PLC control.

@ Exam Strategy Tips for Students

Always draw neat ladder diagrams wherever applicable

Write answers in step-by-step working sequence

Mention inputs, outputs, and logic conditions clearly

Use simple industrial terminology — avoid unnecessary complexity
Practice logic explanation in words for viva and theory exams

1 Educator’s Insight

Students who can clearly explain the logic sequence of PLC case studies score
higher than those who only memorize definitions. Focus on “how the system works
step-by-step.”
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Total Allotted Hours: 4 Hours
Theory Weightage: ~16% (High scoring unit due to descriptive & diagram-based questions)
Nature of Unit: Conceptual + Application-oriented

Unit-5:

(SCADA)

Supervisory Control and Data Acquisition System

1. Topic-Wise Breakdown with Logical Sequencing

Sr. | Syllabus Topic | Topic Type | Suggested | Exam Practical /
No. | (Strictly as per GTU) Lecture Importance | Industry
Hours Relevance

5.1 | Industrial Supporting 1.0 hr Medium-Hi | High (Used in
Communication — Core gh PLC-SCADA
Protocols: Ethernet/IP, communication)
Modbus, Profibus

5.2 | Human Machine | Core 1.0 hr High Very High
Interface (HMI): (Operator
Importance, role in interaction &
safety, examples of safety)
operator panels

5.3 [ SCADA Introduction: | Core (Most [ 1.5 hrs Very High | Very High
Architecture, block | Important) (Industry
diagram, operator backbone)
station, RTU/PLC
integration, benefits

54 | DCS Concepts: | Application- | 0.5 hr Medium High (Process
Features, architecture, | Oriented industries)
typical applications in
process industries

2. Logical Learning Sequence (Pedagogical Flow)

_1JStart with Communication Protocols (5.1)
— Students first understand /how data travels between field devices, PLCs, and supervisory
systems.
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(2JMove to HMI (5.2)
— Builds on communication knowledge and introduces human interaction, monitoring, and

safety.

3)Core Focus on SCADA (5.3)
— Central concept of the unit: supervision, control, monitoring, alarms, data logging.

(4 Conclude with DCS (5.4)
— Advanced system understanding and comparison with SCADA, useful for interviews and
higher studies.

3. Identification of Topic Categories

@ Core Topics (Must-Prepare for Exams)

SCADA definition, need, and benefits
SCADA architecture & block diagram
HMI role and importance

PLC/RTU integration with SCADA

® Supporting Topics (Concept Builders)

e Industrial communication protocols
e Data transfer between devices
e Operator station functions

Application-Oriented Topics

e DCS architecture and applications
e SCADA vs DCS (implicit comparison)
e Use in power plants, process industries, utilities

4. Exam Focus & Marking Trends (Diploma Boards)
Question Type Expected from Students

Short Answer (2—3 Marks) Definitions of SCADA, HMI, DCS, protocols

Descriptive (5 Marks) SCADA architecture, HMI role, DCS features
Diagram-Based Neat SCADA block diagram with explanation
Application-Based Where SCADA/DCS is used and why
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-~ High scoring unit if diagrams and keywords are written correctly.

5. Suggested Teaching—Learning Strategy (Faculty + Students)

e Begin each topic with industrial examples (power station, water supply, manufacturing
plant)

e Emphasize block diagrams & signal flow

Use real screenshots of HMI/SCADA interfaces during explanation

e Encourage students to compare PLC vs SCADA vs DCS in simple tables

@ Mentorship & Career Guidance Note

Unit-5 introduces students to supervisory-level automation, which is directly
relevant to careers in power systems, process industries, smart infrastructure, and
Industry 4.0. A strong understanding of SCADA and HMI greatly improves
employability in automation, utilities, and control system maintenance roles.
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Unit-5: Supervisory Control and Data Acquisition System (SCADA)

Lecture — 1

Topic-5.1: Industrial Communication Protocols — Ethernet/IP,
Modbus, Profibus

(60-minute classroom session | ~500 words)

1. Hook / Introduction (= 5 minutes)

Think about this question:
How does information travel from a sensor in the field to a control room screen located
hundreds of meters away?

In earlier days, industries relied on point-to-point wiring, which was bulky and difficult to
maintain. Modern automation systems instead use industrial communication
protocols—special “languages” that allow machines, controllers, and computers to talk to each
other reliably. In SCADA systems, communication protocols are as important as PLC logic
itself. Today, we will study three widely used protocols: Ethernet/IP, Modbus, and Profibus.

2. Core Concepts (= 40 minutes)

2.1 What is an Industrial Communication Protocol?
An industrial communication protocol is a set of rules that defines:

e How data is formatted
e How devices identify each other
e How messages are sent and received

< Simple analogy:
Just like humans use languages (English, Hindi), machines use protocols to communicate.

2.2 Ethernet/IP (Industrial Ethernet)

Ethernet/IP is an industrial version of standard Ethernet used in offices, but modified for
factory environments.

Key features:
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e High data speed
e Uses standard Ethernet cables
e Supports real-time communication

Where it is used:

e PLC to SCADA communication
e [Large industrial networks
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Fig.5.1 Ethernet/IP Network

Visual to draw:
A network diagram showing PLC, HMI, and SCADA connected through an Ethernet switch.

Fun Fact:
Ethernet/IP allows both control data and information data to travel on the same network.

2.3 Modbus (Simple and Popular Protocol)

Modbus is one of the oldest and simplest industrial protocols, making it very popular in
Diploma-level applications.

Types:

e Modbus RTU (serial communication)
e Modbus TCP (Ethernet-based)
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Key features:

e Master—slave communication
e FEasy to implement
e Low cost

MODBUS RTU Network

Clients

Modbus RTU
Gateway

TCP/IP ' :
Factory network TI:P P

Field network

RS-485 / Modbus RTU
Network

O”)H 300

Sensors Sensors Sensors

Fig.5.2 Collecting data with the Modbus protocol
Where it is used:

e Sensors, energy meters, PLCs
e Small to medium automation systems

Visual to draw:
One master device connected to multiple slave devices using serial lines or Ethernet.

2.4 Profibus (Fieldbus Protocol)
Profibus is a field-level communication protocol commonly used in factory automation.

Key features:
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e Fast and reliable
e Supports many field devices
e Designed for harsh industrial environments

Where it is used:

e Factory automation
e Process control systems

AutomationForum.Co

Industrial
communication |
protocols ﬁ

Field Devices

Field Devices

-

Field Devices Field Devices

DeviceNet RS485

Fig.5.3 Industrial communication protocols

Visual to draw:
Bus topology showing multiple field devices connected to a PLC through Profibus cable.

2.5 Comparison (Conceptual Understanding)
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e Ethernet/IP: High speed, modern, flexible
e Modbus: Simple, economical, widely supported
e Profibus: Robust, fast, suitable for field devices

This comparison is frequently asked in 5-mark exam questions.

3. Real-World / Industry Applications (= 10 minutes)
In real industries:

e Ethernet/IP connects PLCs to SCADA servers in control rooms
e Modbus is used in power meters, drives, and remote monitoring
e Profibus links sensors and actuators on shop floors

Applications include:

e Power plants
e Water treatment systems
e Manufacturing and process industries

Without proper communication protocols, SCADA systems cannot function effectively.

4. Summary & Q&A (= 5 minutes)

Key Takeaways

Communication protocols are the backbone of SCADA systems
Ethernet/IP offers high-speed industrial networking

Modbus is simple and widely used

Profibus is reliable for field-level communication

Common Student Doubts

e (Can one system use multiple protocols? — Yes
® Which protocol is best? — Depends on application
® Are these protocols exam-important? — Yes, very important

@ Mentorship Note (Career-Oriented)

Understanding industrial communication protocols opens doors to careers in
automation maintenance, SCADA operation, and control system integration.
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These fundamentals are also essential for learning Industry 4.0, IIoT, and smart
factories in higher studies.

Remember: Machines dont work alone—they communicate.
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Topic—5.2: Human Machine Interface (HMI): Importance, Role in
Safety, Operator Panels

Lecture — 2

(60-minute classroom session | ~500 words)

1. Hook / Introduction (= 5 minutes)

Imagine a large factory with hundreds of motors, pumps, and valves running at the same time.
How does an operator know which machine is ON, which is OFF, and whether any fault
has occurred—without going near the machines?

The answer is HMI — Human Machine Interface.
HMI acts as the communication bridge between humans and machines, making complex
automation systems easy, safe, and user-friendly to operate.

2. Core Concepts (= 40 minutes)

2.1 What is HMI?
A Human Machine Interface (HMI) is a graphical display system that allows operators to:

Monitor machine status

Control processes

View alarms and warnings

Interact with PLCs and SCADA systems

< Simple analogy:
HMI is like the dashboard of a car—speed, fuel, warnings, and controls are all shown at one
place.

2.2 Importance of HMI in Industrial Automation
HMI is important because it:

Simplifies complex industrial operations
Reduces manual effort and errors
Improves productivity

Enhances operator safety

223



Earlier, operators used physical switches and meters. Modern industries use touch-screen HMIs,
making operation faster and safer.

Fun Fact:
Most industrial HMIs are designed so that even non-engineering staff can operate machines
safely.

2.3 Role of HMI in Safety
Safety is one of the most critical roles of HMI.
How HMI improves safety:

Displays alarms during abnormal conditions

Shows warning messages before dangerous operations
Allows emergency stop control

Prevents unauthorized access using passwords

For example, if a motor overheats, the HMI immediately displays an alarm and alerts the
operator, preventing equipment damage or accidents.
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Fig.5.4 HMI Operator interfaces
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s uraTwanics

Fig.5.5 Alarm Management system PLC HMI product

2.4 Operator Panels — Types and Examples
Operator panels are physical devices used as HMIs.
Common types:

e Push-button operator panels
e Touch-screen HMI panels
e Graphical display panels

Features of operator panels:

Real-time data display
Control buttons and icons
Alarm indication

Process visualization

Visual to draw:
A front view of an HMI screen showing motor status (ON/OFF), alarms, and control buttons.
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2.5 HMI Integration with PLC and SCADA

e HMI receives data from PLCs
e Displays process values graphically
o Sends control commands back to PLC

Block diagram to draw:
PLC < HMI < Operator

In SCADA systems, HMI screens are often displayed on computers in control rooms.

3. Real-World / Industry Applications (= 10 minutes)
HMIs are used in:

Power plants (monitoring generators and turbines)
Manufacturing industries (machine operation panels)
Water treatment plants (tank levels and pumps)
Process industries (temperature, pressure, flow control)

In daily life, ATMs, elevator panels, and washing machine displays are also simple forms of
HMI.

4. Summary & Q&A (= 5 minutes)

Key Takeaways

HMI is the interface between humans and machines
Improves safety, control, and efficiency

Displays alarms, warnings, and system status
Operator panels make automation user-friendly

Common Student Doubts

o [s HMI compulsory? — Not compulsory, but highly recommended
o [s HMI same as SCADA? — HMI is part of SCADA
o [s HMI difficult to use? — Designed to be user-friendly

@ Mentorship Note (Career-Oriented)
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Knowledge of HMI is essential for careers in industrial automation, control
rooms, power plants, and process industries. Students who understand HMI
concepts easily adapt to SCADA systems, smart factories, and Industry 4.0
environments.

Remember: If automation has a face, HMI is the face. ;™

i
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Topic-5.3: SCADA — Introduction, Architecture, Operator Station,
RTU/PLC Integration & Benefits

Lecture — 3

(60-minute classroom session | ~500 words)

1. Hook / Introduction (= 5 minutes)

Imagine controlling an entire power substation, water supply network, or factory from a
single room using a computer screen.

How is it possible to monitor thousands of parameters without physically visiting each
machine?

This is made possible by SCADA — Supervisory Control and Data Acquisition. SCADA
systems act as the eyes, ears, and decision-support system of modern industries. Today’s
lecture will introduce you to SCADA, its structure, and why it is the backbone of large-scale
automation.

2. Core Concepts (= 40 minutes)

2.1 What is SCADA?

SCADA stands for Supervisory Control and Data Acquisition.
It is a system used to:

Monitor industrial processes
Collect real-time data

Control operations remotely
Display system status and alarms

¢ Simple analogy:
SCADA is like a central control tower that supervises multiple operations happening far away.

2.2 SCADA Architecture (System Structure)
SCADA architecture explains how different components are connected and communicate.

Main components:
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1. Field devices (sensors, actuators)
2. RTUs or PLCs

3. Communication network

4. SCADA server

5. Operator station (HMI)

Visual to draw:

A layered diagram showing field devices at the bottom and operator station at the top.

2.3 SCADA Block Diagram (Exam-Oriented)

A typical SCADA block diagram includes:

e Sensors — RTU / PLC — Communication Network — SCADA Server — Operator

Station
Explanation:
e Sensors collect data from the field
e RTU/PLC processes the data
e Communication system transmits data
e SCADA server stores and analyzes data
e Operator station displays data graphically
Client Layer Processing Layer Data (Server) Layer (Ua:irgxa:?sw)
HW access
| via Profibus,
;\ Maodbus, ...
Operator Interface \444(\
pie———  \odem
Remote Operator W access via
Interface D Worldfip, CANbus
Modem
Data Server
(RTU)

Fig 5.6. Generic Block Diagram of SCADA system
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2.4 Operator Station (Control Room Interface)
The operator station is the place where humans interact with the SCADA system.
Functions of operator station:

Displays real-time process data
Shows alarms and warnings

Allows remote control of equipment
Stores historical data and trends

It usually consists of computers with HMI screens in a control room.

G

Fig 5.7 SCADA system
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2.5 RTU / PLC Integration in SCADA

e RTU (Remote Terminal Unit) is used in remote locations
e PLC is used in industrial plants

Both RTU and PLC:

e Collect field data
e Send data to SCADA
e Receive control commands from SCADA

Block diagram to draw:
Field Devices «» RTU/PLC <> SCADA System

2.6 Benefits of SCADA Systems
SCADA provides many advantages:

Centralized monitoring and control
Faster fault detection

Reduced manpower

Improved safety

Better decision-making using data trends

Fun Fact:
Some SCADA systems monitor entire cities’ power and water networks from one control
center.

3. Real-World / Industry Applications (= 10 minutes)
SCADA is widely used in:

Power generation and distribution

Water treatment and supply systems

Oil and gas pipelines

Manufacturing and process industries
Transportation systems (railways, metros)

In daily life, SCADA ensures continuous electricity and clean water without us noticing.

4. Summary & Q&A (= 5 minutes)
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Key Takeaways

SCADA supervises and controls industrial processes

Architecture includes field devices, PLC/RTU, network, and operator station
Block diagram is very important for exams

SCADA improves efficiency, safety, and reliability

Common Student Doubts

e s SCADA same as PLC? — No, SCADA supervises PLCs
o Can SCADA work without PLC? — RTUs can also be used
o [s SCADA difficult? — Concepts are simple when learned step-by-step

@ Mentorship Note (Career-Oriented)

Mastering SCADA fundamentals prepares you for careers in power systems,
utilities, process industries, and automation control rooms. It also forms a strong
base for advanced automation, smart grids, and Industry 4.0 technologies.

Remember: PLC controls the machine, SCADA controls the system.
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Topic—5.4: Distributed Control System (DCS) - Features,
Architecture & Applications

Lecture — 4

(60-minute classroom session | ~500 words)

1. Hook / Introduction (= 5 minutes)

Let us start with a thought-provoking question:
How are large process plants like oil refineries, fertilizer plants, or thermal power stations
controlled continuously without stopping the process?

In such industries, control is not done by a single controller at one place. Instead, control is
distributed across the plant. This leads us to an important system called DCS — Distributed
Control System. DCS is specially designed for continuous process industries, where safety,
reliability, and uninterrupted operation are critical.

2. Core Concepts (= 40 minutes)

2.1 What is a Distributed Control System (DCS)?
A Distributed Control System (DCS) is a control system in which:

e Control functions are distributed among multiple controllers
e Controllers are located near the process
e All controllers are connected through a communication network

< Simple analogy:
DCS is like a team of supervisors, each controlling a section of the plant, instead of one person
controlling everything.

2.2 Why DCS is Needed
In large process industries:

® Processes run continuously
e Shutdowns are costly and dangerous
e Thousands of inputs and outputs are involved
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Using a single controller is risky. DCS improves:

e Reliability

e Safety

e Scalability

If one controller fails, the rest of the system continues to work.

2.3 Architecture of DCS

The architecture of DCS shows how different parts are organized.

Main components of DCS architecture:

M

Visual to draw:
A hierarchical block diagram showing multiple controllers connected to operator stations
through a communication network.

Eensors Actuators

Field devices (sensors and actuators)
Distributed controllers (process controllers)
Communication network
Operator stations
Engineering station

InstrumentationTools.com

Network
Interface

Controller

Operator
Interface

R A Control Room |

=N

Network Cable
Network Cable
——— e — e — e — - — el e e . ———— e ——— e — - —
Network —! r Network —! !_ Network
Interface i i Interface i i Interface
I Al Ao
Operator Operator
Controller 9 | o ace P Controller f—y P Controller g—
1 1 1 [l
| |
1 1 1 ]

0 O

Operator
Interface

0o

Fig 5.8. Architecture of Distributed Control System
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2.4 Features of DCS
Key features of DCS include:

Distributed processing

High reliability and redundancy

Continuous process control

Centralized monitoring with distributed control
Easy expansion and modification

Fun Fact:
DCS systems often run 24x7 for years without shutdown.

2.5 DCS vs Conventional Control (Conceptual)

e Conventional control: Centralized, less reliable
e DCS: Distributed, highly reliable

This comparison is often asked in short-answer or viva questions.

2.6 Difference Between SCADA and DCS (Basic Understanding)

e SCADA: Supervisory control, widely used for geographically spread systems
e DCS: Control-focused, used within a single large plant

Both systems are important, but their applications differ.

3. Real-World / Industry Applications (= 10 minutes)
DCS is widely used in process industries, such as:

Oil refineries

Chemical and fertilizer plants
Thermal and nuclear power plants
Cement industries

Paper and pulp industries

In these plants, DCS controls parameters like:

e Temperature
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e Pressure
e Flow
o Level

DCS ensures smooth, safe, and continuous operation.

4. Summary & Q&A (= 5 minutes)

Key Takeaways
e DCS stands for Distributed Control System
e Control is distributed among multiple controllers
e Highly reliable and suitable for continuous processes
e Widely used in large process industries

Common Student Doubts

o [s DCS same as SCADA? — No, their purposes differ
o [s DCS used in small industries? — Mostly in large plants
® s DCS complex? — Concept is simple; systems are large

@ Mentorship Note (Career-Oriented)

Understanding DCS concepts gives students an advantage in process industries,
power plants, and advanced automation fields. It also prepares a strong
foundation for higher studies in control systems, industrial automation, and
smart manufacturing.

Remember: SCADA supervises, PLC controls, but DCS manages the entire process.
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@ Student AI Toolkit — Unit-5

Unit-5: Supervisory Control and Data Acquisition System (SCADA)

For Diploma Engineering (Electrical) Students
Use these copy-paste-ready prompts with Al tools like ChatGPT, Gemini, or similar platforms to
improve understanding, exam performance, and confidence.

A. Low-Level Prompts (Remember & Understand)

(10 prompts — focus on basics, definitions, and clarity)

1.

98]

=00

“Explain the topic in very simple words as if I am learning it for the first time. Use
examples from daily life.”

“Define all important terms related to this unit in one-line, exam-oriented
language.”

“Summarize this topic in short points suitable for last-day revision before an exam.”
“Explain the purpose and importance of this system in simple Diploma-level
language.”

“List the main components involved in this unit and explain the function of each
briefly.”

“Explain this concept step-by-step without using complex technical words.”

“Create a simple comparison table between related concepts discussed in this unit.”
“Explain this topic as if I have to answer a 5-mark theory question.”

“Write short notes on this topic suitable for viva-voce preparation.”

. “Highlight the keywords and technical terms that are important for exams from this

topic.”

B. Moderate-Level Prompts (Apply & Analyze)

(10 prompts — focus on application, reasoning, and understanding)

11.

12.

13.
14.

15.

16.

“Explain how this concept is applied in real industrial systems with a simple
practical example.”

“Compare two related systems from this unit based on function, use, and
advantages.”

“Explain this topic using a block diagram description that I can draw in an exam.”
“Identify common mistakes students make while answering questions from this unit
and explain the correct approach.”

“Explain why this system is preferred over conventional methods in large-scale
applications.”

“Convert this theory topic into a question-answer format for self-testing.”
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17.
18.
19.

20.

“Explain how safety, reliability, and efficiency are improved using this system.”
“Give an example-based explanation suitable for a 7- or 8-mark exam question.”
“Analyze this concept from the examiner’s point of view: what key points must be
written to score full marks?”

“Explain how different parts of the system work together as a complete process.”

C. High-Level Prompts (Design & Create)

(5 prompts — focus on design thinking and system-level understanding)

21.

22.

23.

24.

25.

“Design a simple system layout based on this unit and explain the role of each block
clearly.”

“Create an exam-oriented answer structure (introduction, explanation, diagram
points, conclusion) for a long-answer question from this topic.”

“Explain how you would plan and organize this system for a medium-scale
industrial application.”

“Develop a flow-wise explanation showing how data or control signals move through
the system.”

“Create a model answer for a high-scoring student, including diagrams, keywords,
and technical justification.”

{74 How Students Should Use This Toolkit

Use Low-Level prompts while learning a topic for the first time

Use Moderate-Level prompts for practice, revision, and exam preparation

Use High-Level prompts to aim for distinction, confidence in viva, and interview
readiness

¢ Tip from your mentor:

Students who regularly use Al tools with clear, exam-focused prompts develop

better conceptual clarity, faster revision skills, and stronger confidence in technical
subjects.
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Mastery Check: Unit-5

Unit-5 Mastery Check: Supervisory Control and Data Acquisition System (SCADA)

For Diploma Engineering (Electrical) Students
Purpose: Strengthen core concepts, technical vocabulary, and exam readiness

1. Key Definitions / Glossary (15 Important Terms)

1.

2.

8.

9.

SCADA — A system used to monitor, control, and supervise industrial processes from a
central location.

Supervisory Control — Control where decisions are made by a higher-level system rather
than directly by operators.

Data Acquisition — The process of collecting real-time data from field devices and
Sensors.

RTU (Remote Terminal Unit) — A field device that collects data and sends it to the
master station.

PLC (Programmable Logic Controller) — A digital controller used for automation and
control of industrial processes.

HMI (Human Machine Interface) — A graphical interface that allows operators to
interact with machines or processes.

Master Station — The central computer system that monitors and controls the entire
SCADA network.

Communication Protocol — A set of rules used for data exchange between devices in a
system.

Field Devices — Sensors and actuators that directly interact with the physical process.

10. Alarm System — A feature that alerts operators when abnormal conditions occur.
11. Data Logger — A system component that stores historical process data for analysis.
12.Ethernet Communication — A common communication method used for high-speed

industrial networking.

13.Modbus — A simple and widely used communication protocol for industrial systems.
14.Distributed Control System (DCS) — A control system where control functions are

distributed across multiple units.

15. Operator Station — A workstation where operators monitor process status and issue

control commands.

2. FAQ & Assessment Section

A. Multiple Choice Questions (MCQs)

(20 Questions — Choose the correct option)
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The main purpose of a SCADA system is to:
a) Design machines

b) Control and monitor processes

c¢) Generate power

d) Manufacture components

. Which component collects data from the field?
a) HMI

b) Master station

c) RTU

d) Alarm system

SCADA is mainly used in:

a) Small domestic appliances

b) Manual workshops

c) Large industrial processes

d) Educational laboratories

. Which device converts physical signals into electrical signals?
a) Actuator

b) Sensor

c) HMI

d) PLC

The brain of a SCADA system is the:

a) RTU

b) Field device

¢) Master station

d) Sensor

. HMI is mainly used for:

a) Data storage

b) Communication

c¢) Operator interaction

d) Signal conversion

. Which protocol is known for simplicity and reliability?
a) Ethernet

b) Modbus

c) Wireless LAN

d) USB

. DCS is mostly used in:

a) Discrete manufacturing

b) Process industries

¢) Home automation

d) Portable devices

. Which system provides historical data analysis?
a) Alarm system

b) Data logger

c¢) Sensor

d) RTU
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10.

I1.

12.

13.

14.

15.

16.

17.

18.

Which communication method offers high data speed?
a) Serial

b) Ethernet

¢) Manual

d) Analog

SCADA improves industry mainly by:
a) Increasing manpower

b) Reducing automation

¢) Improving efficiency and safety

d) Increasing manual control

RTUs are usually installed at:

a) Control room

b) Office area

¢) Field location

d) Server room

PLCs are preferred in SCADA because they are:
a) Expensive

b) Flexible and reliable

c¢) Large in size

d) Manual devices

Which feature warns operators of abnormal conditions?
a) Data acquisition

b) Alarm system

c) HMI

d) Protocol

Which system allows centralized monitoring?
a) Manual control

b) Standalone machines

c) SCADA

d) Simple relay logic

Communication protocols ensure:

a) Power supply

b) Mechanical strength

c) Proper data exchange

d) Cooling

Operator stations are mainly used for:
a) Signal measurement

b) Decision making and control

¢) Manufacturing parts

d) Wiring

SCADA systems are best suited for:
a) Short-distance control

b) Long-distance monitoring

¢) Manual operations

d) Temporary systems
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19. Which system is more centralized in nature?

a) DCS

b) SCADA

c¢) Relay logic

d) Manual control

20. Which of the following is NOT a SCADA component?

a) Sensor

b) RTU

¢) Transformer winding
d) HMI

Answer Key (MCQs)

1-b, 2-c, 3-c, 4-b, 5-c, 6-¢, 7-b, 8-b, 9-b, 10-b,
11-c, 12-c, 13-b, 14-b, 15-c, 16-c, 17-b, 18-b, 19-b, 20-c

B. Short Answer / Viva Questions (10 Questions)

1. What is SCADA and why is it required in industries?
2. Explain the role of RTU in a SCADA system.

3. What is the function of an HMI?

4. Differentiate between PLC and RTU.

5.
6
7
8
9.
1

Why are communication protocols necessary in SCADA?

. Explain the importance of alarms in industrial systems.
. What is meant by centralized monitoring?

State two advantages of SCADA systems.
Where is DCS commonly used and why?

0. Explain how SCADA improves safety in industrial operations.

@ Examiner’s Tip for Students

Mastering definitions, block diagram explanations, and MCQs from this unit can
easily secure high marks in theory and confidence in viva-voce. SCADA
knowledge is also a strong foundation for careers in automation, power systems, and
industrial control engineering.
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== Digital Resource Library

Unit-5: Supervisory Control and Data Acquisition System (SCADA)

For Diploma Engineering (Electrical) Students
Purpose: Support self-learning, visualization, revision, and practical understanding

1. Al Tools & Digital Learning Tools

Below are free or easily accessible digital tools that help students understand, visualize,
practice, and revise SCADA concepts effectively.

1. AI Conversational Learning Assistants (e.g., ChatGPT / Gemini)

Purpose / Use-case:

Concept explanation, doubt clearing, revision summaries, exam-oriented Q&A.

How it helps in this unit:

Students can ask for simplified explanations of SCADA architecture, HMI roles,
PLC-RTU integration, comparison between SCADA and DCS, and get step-by-step logic
explanations in simple language.

2. Virtual PLC & SCADA Simulators

Purpose / Use-case:

Simulate industrial automation processes and supervisory control logic.

How it helps in this unit:

Helps students visualize how field signals reach the control station, how operator
commands flow back, and how alarms and data logging work—without needing real
hardware.

3. Online Industrial Network Visualizers

Purpose / Use-case:

Visual representation of communication flow and system architecture.

How it helps in this unit:

Enables students to clearly understand Ethernet-based networks, master—slave
communication, and data flow between PLC, RTU, and operator station.
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4. Virtual Labs (Government / Academic Platforms)

o Purpose / Use-case:
Hands-on learning through experiment-based simulations.

e How it helps in this unit:
Students can perform SCADA-related experiments such as monitoring parameters, alarm
handling, and remote control, which strengthens practical understanding and exam
confidence.

5. Digital Mind-Mapping & Diagram Tools

e Purpose / Use-case:
Creating block diagrams, flowcharts, and concept maps.

e How it helps in this unit:
Ideal for drawing SCADA block diagrams, DCS architecture, and signal flow
paths—very useful for diagram-based exam questions.

2. Video Learning Repository

(Use the following table format for easy LMS integration and student access)

Topic Name Recommended Channel /| Search Keywords
Course / Lecturer Name
Introduction to SCADA NPTEL - Industrial Automation | “NPTEL SCADA
Courses introduction diploma”
SCADA Architecture & | Learn Engineering “SCADA architecture
Block Diagram explained”
HMI Concepts & Operator | Ekeeda “HMI basics for diploma
Panels engineering”
PLC & RTU Integration Unacademy Engineering “PLC RTU SCADA
integration”
Communication Protocols | Gate Smashers “industrial communication
in SCADA protocols SCADA”
SCADA Vs DCS | Engineering Explained “difference between SCADA
Comparison and DCS”
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Alarms & Data Logging in | NPTEL — Control Systems “SCADA alarms data
SCADA logging”

SCADA Applications in | SWAYAM “SCADA applications in
Power & Industry power systems”

Distributed Control System | Ekeeda “DCS architecture process
(DCS) industries”

Exam-Oriented =~ SCADA | Diploma Study Channels “SCADA  exam revision
Revision diploma”

(74 How Students Should Use This Library (Learning Strategy)

Before class: Watch short introductory videos for concept familiarity
After class: Use Al assistants for doubt clearing and summaries

Before exams: Practice diagrams using visual tools and revise via MCQs
For practical confidence: Explore virtual labs and simulators

@ Educator’s Note (OBE & NEP-2020 Alignment)

This digital resource library supports self-paced learning, concept visualization, and
skill-based understanding, helping students move from remembering — understanding —
application, which is central to Outcome-Based Education (OBE) and NEP-2020.

If you want, I can also prepare:

e / Unit-5 One-Day Revision Planner
e / SCADA Block Diagram Drawing Guide
e / Practical Viva Preparation Notes

245




Question Bank

Unit-5: Supervisory Control and Data Acquisition System (SCADA)

Diploma Engineering — Electrical (Exam-Oriented Preparation)

1. Most Repeated / High-Probability Questions

(Based on standard State Technical Board & Diploma exam patterns: short answers, descriptive
questions, and diagram-based questions)

A. Core Definition Questions

Define SCADA. State its main purpose in industrial automation.
Define HMI. Why is it important in a SCADA system?

What is an RTU? Mention its role in SCADA.

Define PLC-SCADA integration.

What is meant by industrial communication protocol?

aobhwbd=

B. Explanatory / Descriptive Questions

6. Explain the basic architecture of a SCADA system with neat diagram.

7. Describe the functions of an operator station in SCADA.

8. Explain the features and advantages of SCADA systems.

9. Compare SCADA and DCS (any four points).

10. Explain the role of HMI in safety and monitoring.

11. Describe Ethernet-based communication used in SCADA systems.
12.Explain Modbus communication and its importance in industrial automation.
13. What is Profibus? Mention its key characteristics.

14.Explain the need of SCADA in modern industries.

15. Describe the data acquisition process in SCADA.

C. Diagram-Based / Concept-Focused Questions

16. Draw and explain the block diagram of SCADA system.

17.Draw a typical SCADA architecture showing PLC/RTU and operator station.
18. Draw and explain SCADA communication hierarchy.

19. Draw a basic HMI screen layout and label its components.

20. With diagram, explain DCS architecture used in process industries.
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C, Exam Tip:
Questions 6, 16, and 17 are very high-probability long-answer questions (often
8—10 marks).

2. Application & Logical Thinking Questions
(High-Scoring / Distinction-Level Questions)

1. A water treatment plant is spread over a large area.
Explain why SCADA 1is preferred over conventional control systems for such
applications.

2. An operator must monitor temperature, pressure, and flow from a central control
room.
Explain how SCADA and HMI work together to achieve this.

3. A factory wants remote monitoring and quick fault detection.
Which SCADA features help achieve this and why?

4. Compare SCADA and DCS for a continuous process industry.
Justify which system is more suitable and give reasons.

5. If communication between field devices and control station fails,
what possible problems can occur in SCADA operation? Suggest basic preventive
measures.

{74 How to Use This Question Bank Effectively

e Short answers: Prepare crisp definitions (2—3 lines).
o Long answers: Practice neat block diagrams + explanation.
e Application questions: Focus on why, how, and advantages, not just definitions.

@ Examiner’s Insight

e SCADA architecture, HMI role, and SCADA vs DCS are the most scoring areas.

Diagrams can fetch 30-40% extra marks if drawn neatly and labeled correctly.

e Application-based answers reflect OBE outcomes and often differentiate average and top
performers.
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& External Exposure Module

Industrial Automation & Control

1. Beyond the Syllabus — Emerging Technologies

1. Industry 4.0 & Smart Manufacturing

What it is:
Industry 4.0 refers to smart factories where machines, sensors, controllers, and software
systems are digitally connected.

LU?UI SMART FACTORY A
< on =29 ¢

;@@ @

Fig. Smart factory
Connection with syllabus fundamentals:

e Sensors, controllers, PLCs, SCADA, and feedback systems form the base layer
e Automation concepts learned in this subject are directly extended into smart, connected
systems

Why students should care:
Understanding basic automation today prepares students for future-ready factories, where
engineers must work with data, intelligent machines, and integrated control systems.
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2. Industrial IoT (IIoT) & Digital Twins

Fig. Industrial IoT

What it is:
Industrial IoT connects machines and control systems to the internet for remote monitoring and
analysis.

P Real Machine

Al

Fig. Virtual model of a real industrial system
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A Digital Twin is a virtual model of a real industrial system used for testing and optimization.
Connection with syllabus fundamentals:

e Uses sensors, controllers, communication lines, and control logic
e Builds directly on PLC-SCADA-HMI concepts

Why students should care:

These technologies create demand for engineers who understand fundamentals first, before
moving to advanced tools. Strong basics give students an edge in higher studies and smart
industry jobs.

2. MOOC & Online Course Recommendations

1. “Industrial Automation and Control”

e Platform: NPTEL

e How it helps:
Strengthens conceptual understanding of automation systems, control structure, and
industrial applications using structured lectures.

2. “Control Systems” (Introductory Level)

e Platform: SWAYAM

e How it helps:
Builds clarity on feedback, open-loop and closed-loop systems that are essential for
automation fundamentals.

3. “Introduction to Industrial Automation” (Audit Mode)

e Platform: Coursera

e How it helps:
Gives exposure to global industry practices and terminology, complementing classroom
theory.

**3. Industrial Exposure / Field Visit Suggestions

(Near Ahmedabad, Gujarat)**
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1. Sanand Industrial Estate

e Type: Automobile and manufacturing industries

e What students observe:
Automated assembly lines, PLC panels, sensors, conveyors, and robotics in real

production.

2. Vatva GIDC Industrial Area

e Type: Process industries, electrical equipment manufacturing

e What students observe:
Control panels, motor drives, automation wiring, and industrial safety practices.
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3. Power Plants / Renewable Energy Facilities (Gujarat Region)

e Type: Power generation and energy systems

e What students observe:
SCADA monitoring rooms, control systems, and automation used for large-scale
operations.

4. Conferences, Seminars & Technical Events

1. IEEE Conferences on Industrial Electronics & Automation

e Theme: Automation, control systems, smart manufacturing
o Why beneficial:
Introduces students to global research trends and professional engineering culture.

2. National Conferences on Automation & Control (India)

e Theme: Industrial automation, control engineering
o Why beneficial:
Helps students understand how theory converts into research and industry innovation.

3. Industry—Academia Workshops & Expos

e Theme: Automation, robotics, Industry 4.0
e Why beneficial:
Live demonstrations motivate students and improve employability awareness.
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@ Mentorship Note (Career Perspective)

Industrial Automation & Control is not just a subject—it is a gateway to modern industry.
Students who actively explore emerging technologies, online courses, plant visits, and
technical events develop confidence, curiosity, and clarity about their future roles.

Strong fundamentals today lead to better projects, smoother industrial training, and higher
employability tomorrow.

Learn the basics well, observe the industry closely, and keep upgrading yourself
continuously. %’
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