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DISCLAIMER FOR AI-ASSISTED ACADEMIC CONTENT

Disclaimer for Al-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 (Al) 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 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 Classroom 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

e Al-generated images or diagrams
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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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Below is a faculty-ready, Diploma-level study plan for Unit-1: Electrical Traction Supply
System, prepared strictly as per the attached GTU syllabus (D104000181) and aligned with
OBE + NEP-2020 principles.
The tone and depth are suitable for Diploma Engineering students, while remaining practical
for teaching plans, self-study, and Al-assisted content creation.

Unit—1 : Electrical Traction Supply System
Total Contact Hours: 10 Hours

Weightage: 22% (High-importance unit)
Mapped Course Outcome: CO-1 (Understand traction supply system)

A. Topic-wise Structured Study Plan (As per Syllabus)

Legend

e C = Core Topic
e S = Supporting Topic
e A = Application-oriented Topic

Sr. Syllabus Topic Topic Logical Suggeste Exam Practical /

No. (Strictly as per Nature Teaching d Lecture Importanc Industry
GTU) Focus Hours e Relevance

1 Current scenario S Motivation, 0.5 Medium High (Indian
of electrification of national Railways,
railway lines in perspective, metros)
India relevance  of

traction

2 Single line C Overall system 1.0 Very High  Very High
diagram of traction understanding, (drawing &
substation / power flow interpretation)
traction power
supply
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Overhead
Equipment (OHE):
catenary & contact

wire, span,
stagger, SCP,
interrupter,
isolator,
pantograph,
neutral section,

NETRA car, two-
conductor supply

Types of auxiliary

supply: self-
generating, mid-
on, end-on
generation

Train lighting
supply: brushless
alternator
(principle),

rectifier-cum-
regulator, battery

Traction powering:
Distributed,
concentrated &
loco-hauled

Key features of
distributed power
& comparison with
concentrated
power

Lighting system in
locomotive:
Advantage of 110
V DC over 24 V
DC

Classification  of
electrical
locomotives

Cc

Mechanical + 2.0
electrical

interface,

safety

Classification & 0.75
comparison

Functional 1.0
blocks &
energy flow

Evolution of 0.75
traction

systems

Advantages, 0.5
limitations,

system

thinking

Reasoning & 0.5
design logic

AC/DC, 0.5
conventional
vs modern

Very High

Medium

High

High

Medium

Medium

Medium

Very High
(field
relevance)

Medium

High

High

High

Medium

Medium
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10

11

12

13

14

15

Electric supply to
locomotive:
Pantograph,
ARNO converter,
Static  converter,
Hotel Load
Converter (HLC)

Braking methods:
Dynamic,
Rheostatic &
Regenerative
braking

Distributed Power
Wireless  Control
System (DPWCS)
& need

Block diagram of
locomotive power
circuit

Three-phase AC
locomotive

Effect of speed on
specific energy
consumption

Total =10 Hours

Power
conversion

auxiliary loads

Energy saving

& control

Modern
traction
technology

System
integration
exams

Modern
traction
concept

Energy
efficiency
operation

1.0

0.5

0.75

0.5

0.25

Very High

Very High

Medium

Very High

High

Medium

Very High

Very High

High

High

High

High

B. Logical Sequencing Rationale (Pedagogical Flow)

ok wh=~

Why traction? — National electrification scenario
Where does power come from? — Traction substation & OHE
How is power used onboard? — Auxiliary supply & lighting
How is the train propelled? — Traction powering methods
How is energy controlled & saved? — Converters & braking
What is modern traction? — 3-phase AC, DPWCS, energy consumption

This sequencing moves from system-level understanding — component-level clarity —
application & efficiency, fully aligned with Diploma learner cognition.
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C. Core vs Supporting vs Application Summary

© Core Topics (Must-teach, Must-ask)

Traction substation SLD

OHE and pantograph system

Train lighting supply system

Traction powering methods

Converter systems (ARNO, Static, HLC)
Braking methods

Locomotive power circuit block diagram
Three-phase AC locomotive

© Supporting Topics

Indian railway electrification scenario
Auxiliary supply classifications
Locomotive classification

110 V DC vs 24 V DC lighting

© Application-Oriented Topics (NEP-2020 aligned)

Distributed power system
DPWCS

Regenerative braking relevance
Speed vs energy consumption

D. OBE & NEP-2020 Alignment

Aspect Implementation in Unit-1
Outcome-based Direct mapping to CO-1

learning

Experiential learning Substation layout drawing, case studies
Industry relevance Indian Railways, metros, EV concepts
Multidisciplinary Power systems + electronics + energy
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Skill orientation Diagram interpretation, system thinking

E. Examination & Practical Focus Guidance (For Faculty)

e Exam Focus:
o OHE components (diagrams)
o Braking types comparison
o Converter block diagrams
o Distributed vs concentrated power
e Practical / Lab Link:
o Traction substation layout (AutoCAD)
o [Energy saving via regenerative braking (case study)

Final Mentor Note to Students

“Electrical traction is not just about trains — it is about efficient power utilization,
safety, and sustainability. Master this unit, and you'll clearly see how electrical
engineering powers national infrastructure.”

1.1: Current Scenario of Electrification of
Railway Lines in India

1. Hook / Introduction (= 5 minutes)
Opening Question to Students:

“Have you ever wondered how a train weighing thousands of tonnes moves smoothly at 120
km/h using electricity, just like a ceiling fan in your home?”
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Most of us travel by train, but we rarely think about where the power comes from. Earlier,
Indian Railways depended heavily on diesel locomotives, which were costly, polluting, and
inefficient. Today, India is rapidly shifting toward 100% railway electrification, making rail
transport cleaner, faster, and more economical.

As Diploma Electrical Engineers, understanding this transition is important because railway
electrification is one of the largest electrical power utilization systems in the country.

2. Core Concepts (= 40 minutes)

2.1 What is Railway Electrification?

Railway electrification means supplying electric power to trains through overhead lines
or third rail systems instead of using onboard diesel engines.
In India, the 25 kV, 50 Hz single-phase AC system is used for mainline railway electrification.

Simple analogy:
Think of the overhead electric line like the service line coming to your house, and the
locomotive like a moving factory consuming power continuously.

2.2 Growth of Electrification in India

Indian Railways is one of the largest railway networks in the world. Earlier, only busy routes
were electrified, while remote routes used diesel traction.

Current scenario highlights:

Indian Railways has electrified more than 90% of Broad Gauge routes

The national target is 100% electrification

Metro rail systems in cities like Delhi, Mumbai, Ahmedabad, and Bengaluru are fully
electric

Reason for fast electrification:

Rising diesel costs

Need for energy efficiency

Environmental concerns

Availability of grid power and renewable energy

2.3 Why Electrification is Preferred Over Diesel
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Diesel Traction Electric Traction
High fuel cost Lower operating cost
High pollution Environment-friendly
Low acceleration High acceleration

More maintenance Less maintenance

Electric locomotives offer better speed control, regenerative braking, and higher hauling
capacity.

2.4 Power Supply Source for Electrified Railways
Electric power is taken from:

e State electricity boards
e Dedicated railway traction substations

The power is transmitted through:

e Traction substations
e Overhead Equipment (OHE)

<+ Visual to Draw:
A simple flow diagram:

Grid Supply — Traction Substation — Overhead Equipment — Pantograph — Locomotive

2.5 Environmental and Energy Benefits

e Reduction in CO, emissions
e Less noise pollution
e Capability to use renewable energy sources
e Regenerative braking feeds power back to the grid
Fun Fact:

Indian Railways is one of the largest consumers of electricity in India, but also one of the
biggest contributors to green transportation.

12|Page




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

High-speed trains and metro systems depend completely on electrification
Freight corridors use electric locomotives for heavy loads
Electrical engineers work in:
o Traction substations
o OHE maintenance
o Power quality and protection
Electrification supports Make in India and Smart City projects

<+ Industry Connection:
Every new electrified route requires designing substations, protection systems, and
overhead lines—a huge employment area for diploma engineers.

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

Key Takeaways:

Indian Railways is moving towards 100% electrification
Standard system: 25 kV AC, 50 Hz

Electrification is economical, eco-friendly, and efficient
Electrical traction is a major application of electrical power

Common Student Doubts:

e Why not DC supply? — AC is economical for long-distance transmission
e Can renewable energy be used? — Yes, solar and wind are increasingly integrated

® Mentorship Note (Career Perspective)

Mastering the current electrification scenario helps you:

Understand advanced topics like traction substations and braking
Prepare for railway exams, PSU jobs, and metro rail projects
Develop system-level thinking, which is essential for a successful electrical

engineering career

Today you study railway electrification; tomorrow you may help design it.
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1.2: Single Line Diagram (SLD) of Traction
Substation / Traction Power Supply

1. Hook / Introduction (= 5 minutes)

Opening Thought:
“When a train suddenly stops in the middle of nowhere due to a power failure, where do you
think the problem lies—inside the train or far away in a substation?”

Most electrical engineers never see a running train, but every train depends on a traction
substation working silently in the background. The Single Line Diagram (SLD) is the map
of this system. If you understand the SLD, you understand how power flows from the grid
to the moving locomotive.

= In exams, industry, and field work, SLD reading is a basic survival skill for an electrical
engineer.

ANATOMY OF A TRACTION SUBSTATION DIAGRAM

THE HEART OF THE RAILWAY’S A SIMPLIFIED ELECTRICAL
POWER SUPPLY BLUEPRINT

It's a specialized electrical substation that An SLD shows the path of power flow
powers electric trains and trams. from source to load.

A NotebookLM

Source:NotebookLM

2. Core Concepts (= 40 minutes)

2.1 What is a Single Line Diagram (SLD)?
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A Single Line Diagram is a simplified graphical representation of a three-phase electrical
system using single lines and standard symbols.

e |t shows power flow
e |t omits physical layout details
e |t focuses on electrical connectivity and control

Analogy:
Just like a metro route map shows stations without showing roads or buildings, an SLD shows
electrical paths without showing actual wiring.

2.2 Purpose of a Traction Substation
A traction substation:

e Receives high-voltage three-phase AC power from the grid (132 kV / 220 kV)
e Steps it down to 25 kV, single-phase AC
e Feeds power to Overhead Equipment (OHE) for trains

2.3 Step-by-Step Explanation of Traction Substation SLD
¢ Visual to Draw on Blackboard / Notes

Draw a horizontal flow diagram from left to right:

Grid Supply — Isolator — Circuit Breaker — Power Transformer —

25 kV Bus — Feeder Circuit Breaker — Overhead Equipment (OHE)

Now explain each part:

(a) Grid Supply

e Three-phase AC supply from state electricity board
e Typical voltage: 132 kV or 220 kV

(b) Isolator

e Mechanical switching device
e Used for maintenance and safety
e Operated under no-load condition
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Remember: Isolator does not break load current.

(c) Circuit Breaker (CB)

e Automatically interrupts current during faults
e Protects transformers and feeders
e Operates during overcurrent, short circuit

(d) Power Transformer

e Step-down transformer
e Converts high voltage to 25 kV single-phase
e One phase is used from three-phase system

<+ Fun Fact:
Railway traction is one of the few applications where single-phase AC is derived from a
three-phase grid.

(e) 25 kV Busbar

e Acts as a common connection point
e Distributes power to multiple feeders
e Ensures continuity of supply

(f) Feeder Circuit Breaker

e Controls power supply to OHE
e Allows sectionalizing during faults
e Important for reliability

(g9) Overhead Equipment (OHE)

e Carries 25 kV supply to trains
e Pantograph collects power from OHE
e Return current flows through rails

2.4 Neutral Section (Brief Introduction)
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e Separates two different supply zones
e Prevents phase-to-phase short circuits
e Train passes neutral section without power

(Details covered in OHE topic later)

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

e Used by engineers for:

o Fault detection

o Maintenance planning

o Load balancing
e During power failure, engineers first analyze the SLD
e Essential in:

o Indian Railways

o Metro rail projects

o Dedicated freight corridors

<+ Practical Link:
Diploma students often draw traction substation SLDs in AutoCAD during practical exams
and site visits.

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

Key Takeaways:
e SLD shows power flow from grid to train
e Major elements: Isolator, CB, Transformer, Busbar, Feeder
e Traction substations convert 3-phase HV to 25 kV single-phase
e Understanding SLD = understanding traction supply

Typical Student Questions:

e Why single-phase supply? — Simpler locomotive design, efficient control
e Why not direct 25 kV from grid? — Transmission losses & safety

® Mentorship Note (Career Perspective)

If you can draw and explain a traction substation SLD confidently, you are already:
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e One step ahead in railway & PSU exams
e Ready for site supervision roles
e Prepared for advanced subjects like protection and power systems

Good engineers don’t memorize diagrams—they understand the power flow.

1.3: Overhead Equipment (OHE) in
Electrical Traction

1. Hook / Introduction (= 5 minutes)

Opening Question:
“When a train runs at 120 km/h, how does electricity flow smoothly from a thin wire to a moving
locomotive without sparks or breaks?”

The answer lies in Overhead Equipment (OHE)—one of the most critical and visible parts of
the electrical traction system. If the traction substation is the heart, OHE is the lifeline that
continuously feeds power to a fast-moving train. Any failure in OHE can stop thousands of
passengers.

For an electrical engineer, OHE knowledge means safety, reliability, and uninterrupted
power supply.

2. Core Concepts (= 40 minutes)

2.1 What is Overhead Equipment (OHE)?

OHE is the overhead conductor system that supplies 25 kV, 50 Hz AC power to electric
locomotives through a pantograph.

Simple analogy:
OHE works like a charging cable, while the train acts like a moving device that must remain
connected at all times.

2.2 Main Components of OHE
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<+ Visual to
Draw a side view showing two wires above the track:

e Upper wire — Catenary
e Lower wire — Contact wire
e Pantograph touching contact wire

(a) Catenary Wire

Upper supporting wire

Carries mechanical tension

Made of high-strength material
Maintains uniform height of contact wire

(b) Contact Wire

e Lower wire in direct contact with pantograph
e Made of copper or copper alloy
e Carries traction current to locomotive

(c) Span

e Horizontal wire connecting OHE supports
e Maintains proper position of catenary and contact wire

(d) Stagger

e Slight zig-zag arrangement of contact wire
e Prevents uneven wear of pantograph carbon strip

Draw:
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e R Ruadiiomme
4

Span (c)

Contact Wire (b) Stagger (d)

e ——

Pantograph —

Source:chatgpt

<+ Fun Fact:
Without stagger, pantograph strips would wear out in a straight line very quickly.

2.3 Supply Control and Protection Devices
(e) Supply Control Post (SCP)

e Controls and monitors OHE sections
e Used to isolate faulty sections
e |mportant during maintenance

(f) Interrupter

e Automatically opens circuit during faults
e Protects OHE and equipment

(g) Isolator

e Manual or motor-operated switch
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e Used only under no-load conditions
e Ensures safety during repair work

2.4 Pantograph

e Mounted on locomotive roof
e Collects power from contact wire
e Maintains constant pressure

<+ Visual Description:
Draw a diamond-shaped spring-loaded structure touching the contact wire.

Source:chatgpt

2.5 Neutral Section

e Separates two different electrical supply zones
e No power is supplied in this section
e Prevents phase-to-phase short circuit
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Train passes neutral section without drawing power.

2.6 NETRA Car

e Networked Examination of Track by Rapid Analysis
e Special inspection car used by Indian Railways
e Detects defects in:

o OHE
o Tracks
o Signaling
<+ Modern Technology Use:

Uses sensors, cameras, and data analytics.

2.7 Two Conductor Supply to Electrical Locomotive

e One conductor — OHE (phase)
e Return path — Rails (earth/return)
e Ensures complete circuit

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

e OHE maintenance ensures:
o Safe train operation
o High speed running
e Engineers inspect:
o Contact wire wear
o Pantograph condition
e Usedin:
o Indian Railways
o Metro systems
o High-speed rail corridors

*+ Industry Practice:
Routine night inspections prevent daytime service disruption.

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

Key Takeaways:
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OHE supplies 25 kV AC power to trains
Catenary supports, contact wire supplies current
Pantograph ensures continuous power

Neutral sections prevent electrical faults

NETRA car improves safety and reliability

Typical Student Doubts:

e Why not underground cables? — Safety and accessibility
e Why copper contact wire? — High conductivity and wear resistance

€ Mentorship Note (Career Perspective)

Mastering OHE concepts helps you:

e Qualify for railway technical roles
e Handle field maintenance and safety tasks
e Understand advanced topics like power quality and protection

An engineer who understands OHE keeps the nation moving.

1.4: Types of Auxiliary Supply Iin
Electrical Traction

(Self-Generating, Mid-On Generation & End-On Generation Systems)

1. Hook / Introduction (= 5 minutes)

Opening Question to Students:
“When a train is standing at a station with the locomotive switched off, why do the lights and
fans inside the coach still work?”

The answer lies in the auxiliary supply system. While traction power moves the train,
auxiliary supply powers everything that makes the journey comfortable—lighting, fans,
air-conditioning, charging points, and control circuits.

As electrical engineers, you must understand that passenger comfort depends on auxiliary
power reliability, not just traction motors.
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2. Core Concepts (= 40 minutes)

2.1 What is Auxiliary Supply?

Auxiliary supply refers to the electrical power used for non-traction loads in railway
coaches and locomotives, such as:

Lighting

Fans

Air-conditioning

Battery charging

Control and signaling circuits

Simple analogy:
Traction supply is like the engine of a car, while auxiliary supply is like headlights, music
system, and AC.

2.2 Need for Separate Auxiliary Supply

e Traction voltage is very high (25 kV) and unsafe for direct use
e Auxiliary loads require low and stable voltage
e Continuous power is needed even when the train is halted

2.3 Types of Auxiliary Supply Systems

(a) Self-Generating System
In this system:

e Each coach has its own generator
e Generator is mechanically driven by axle rotation
e Output supplies lighting and fans

<+ Visual Description:
Draw a coach wheel connected to a small generator, feeding lamps and fans.

24|Page




Source:chatgpt

Features:

e Independent system
e No dependence on locomotive

Limitations:

e No power when train is stationary
e Not suitable for AC coaches

=~ Used earlier in conventional coaches

(b) Mid-On Generation System
In this system:

e A generator car is placed in the middle of the train
e Power is distributed to nearby coaches
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<+ Visual
Draw multiple coaches with a power car in the center feeding both sides.

Advantages:

e Better than self-generating
e Can supply power during slow movement

Limitations:

e Unequal voltage at far coaches
e Maintenance complexity

(c) End-On Generation (EOG) System

In this system:

e Power cars with diesel generator sets are placed at both ends
e Supplies power to entire rake

<+ Visual

Draw a long train with generator cars at both ends supplying AC coaches.

Advantages:

e Reliable power supply
e Suitable for air-conditioned coaches

Limitations:

e Diesel consumption
e Noise and pollution

2.4 Comparison of Auxiliary Supply Systems

Feature Self-Generating Mid-On End-On
Power Source Axle generator Central generator End power cars
AC Coaches Not suitable Limited Fully suitable

Reliability Low Medium High

Description:

Description:
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Modern Usage Rare Limited Common

2.5 Transition to Head-On Generation (HOG) (Brief Note)

Modern railways are shifting to Head-On Generation, where auxiliary power is supplied
directly from the electric locomotive, improving efficiency and reducing pollution.

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

e Passenger comfort systems rely on auxiliary supply
e AC trains require stable voltage and frequency
e Engineers work on:

o Power distribution

o Protection circuits

o Energy efficiency improvement

<+ Industry Trend:
Indian Railways is replacing EOG with HOG systems to reduce diesel usage.

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

Key Takeaways:

Auxiliary supply powers non-traction loads

Three main systems: Self-Generating, Mid-On, End-On
End-On system is most reliable for AC coaches
Modern trend is towards electric auxiliary supply

Common Student Doubts:

e Why not use traction supply directly? — Unsafe voltage
e Why two power cars in EOG? — Reliability and load sharing

® Mentorship Note (Career Perspective)

Understanding auxiliary supply systems helps you:

e Design passenger comfort systems
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e Work in railway maintenance and upgrades
e Connect traction engineering with power electronics and control

A good engineer doesn'’t just move trains—he powers comfort and safety.

1.5: Train Lighting Supply

(Brushless Alternator — Principle, Rectifier-cum-Regulator and Battery)

1. Hook / Introduction (= 5 minutes)

Opening Question:
“Have you noticed that train lights remain ON even when the train is stopped at a signal or
during a power failure on the route?”

This reliability is not accidental. It is ensured by a dedicated train lighting supply system.
Unlike our homes, where power comes directly from the grid, railway coaches must carry their
own power source to guarantee continuous lighting, fans, and emergency systems.

As Diploma Electrical Engineers, understanding this system teaches you how generation,
conversion, regulation, and storage of electrical energy work together in a real moving
system.

2. Core Concepts (= 40 minutes)

2.1 Purpose of Train Lighting Supply
Train lighting supply provides power for:

Coach lighting

Fans and exhausts
Emergency lights

Control and indication circuits

The supply must be:

e Reliable
e Safe
e Available even when the train is stationary
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2.2 Brushless Alternator (Principle Only)

The brushless alternator is the main source of electrical power in conventional train lighting

systems.

Working Principle (Simple Explanation):

When the train moves, the axle rotates

The alternator is mechanically driven by the coach axle

This rotation produces alternating current (AC) in the stator windings
Since it is brushless, there are no carbon brushes or slip rings

Analogy:

Just like a bicycle dynamo lights a lamp when the wheel rotates, the brushless alternator

produces electricity when the train moves.
Advantages:

e Low maintenance
e Spark-free operation
e Long service life

<+ Visual to
A simple block diagram:

Axle Rotation — Brushless Alternator — AC Output

Axle Rotation

Brushless
» Alternator »

Source:chatgpt

Draw:

AC Output
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2.3 Rectifier-Cum-Regulator (RCR)

The output of the alternator is AC, but train lighting systems operate on DC (typically 110 V

DC). This is where the rectifier-cum-regulator is used.
Functions:

1. Rectifier:
o Converts AC to DC
o Uses diodes (bridge rectifier)
2. Regulator:
o Maintains constant voltage despite speed variation
o Prevents over-charging of battery

Key

Train speed changes continuously, but lighting voltage must remain stable.

«# Visual to Draw:

AC from Alternator — Rectifier — Regulator — DC Output

2.4 Battery System
The battery acts as an energy storage unit.
Roles of Battery:

e Supplies power when train is stationary
e Provides emergency lighting
e Smoothens voltage fluctuations

Commonly Used Battery:

e Lead-acid battery (110 V DC system)

Fun

Even if the alternator fails, the battery can keep lights ON for several hours.

<+ Visual to
A battery connected in parallel with lighting load.

2.5 Complete Train Lighting Supply System (Flow)

Point:

Fact:

Draw:
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¥ Overall Block Diagram (Described in Words):

Axle — Brushless Alternator — Rectifier-Cum-Regulator — Battery — Lighting & Fans

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

e Usedin:
o Passenger coaches
o Mail and express trains
e Ensures passenger safety during:
o Power failure
o Emergency stops
e Engineers monitor:
o Battery health
o Charging voltage
o Alternator output

<+ Industry Trend:
Modern coaches integrate power electronics and monitoring systems for better efficiency
and diagnostics.

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

Key Takeaways:
e Train lighting needs independent power supply
e Brushless alternator generates AC using axle motion
e Rectifier-cum-regulator converts and controls voltage
e Battery ensures continuous and emergency supply

Typical Student Doubts:

e Why brushless alternator? — Less maintenance, no sparking
e Why DC lighting? — Safer and battery-friendly

© Mentorship Note (Career Perspective)

Mastering train lighting supply helps you:

e Understand rotating machines and power electronics
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e Prepare for railway technical exams
e Gain confidence in real-world electrical system design

When you light a coach reliably, you illuminate your engineering career.

1.6: Traction Powering

(Distributed Power, Concentrated Power & Loco-Hauled Systems)

1. Hook / Introduction (= 5 minutes)

Opening Question:
“Why do modern metro trains have motors in many coaches, while older trains depend on one
powerful locomotive at the front?”

This question leads us to traction powering systems—the method by which electrical power
is used to move a train. Over time, traction systems have evolved from single-loco hauling
to smart distributed power, improving speed, safety, and energy efficiency. Understanding
these systems helps you see how electrical engineering directly controls motion and
performance.

2. Core Concepts (= 40 minutes)

2.1 What is Traction Powering?

Traction powering refers to the arrangement of traction motors and power equipment used
to propel a train. The main objective is to:

e Achieve required speed and acceleration
e Pull heavy loads safely
e Use electrical energy efficiently

2.2 Loco-Hauled System
In a loco-hauled system:

e A single locomotive pulls all the coaches
e All traction motors are located in the locomotive
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<+ Visual to Draw:
Draw a locomotive at the front with arrows pulling multiple coaches.

Features:

e Simple construction
e Easy maintenance

Limitations:

e Poor acceleration
e Uneven force distribution
e Not suitable for frequent stop-start operation

Common in long-distance passenger and freight trains.

2.3 Concentrated Power System
In this system:

e Traction motors are concentrated in one or two power cars
e Power cars may be placed at ends or middle

<+ Visual to Draw:
Train with powered coaches at both ends.

Features:

e Better than loco-hauled
e Improved acceleration

Limitations:

e Still high stress on few axles
e Less efficient braking

2.4 Distributed Power System
In distributed power, traction motors are distributed across multiple coaches.

*+ Visual to Draw:
Multiple coaches each having traction motors.

Key Features:

e High acceleration
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e Uniform load distribution
e Efficient regenerative braking
e Better adhesion and reduced wheel slip

Analogy:
Like several people pushing a bus together instead of one person pulling it.

Advantages:

e |deal for metros and EMUs
e Reduced mechanical stress
e Improved energy efficiency

2.5 Comparison: Distributed vs Concentrated Power

Feature Distributed Power Concentrated Power
Motor Location Multiple coaches Few power cars
Acceleration High Medium

Braking Efficiency  Excellent Moderate

Energy Saving High Medium

Maintenance Distributed Centralized

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

e Distributed power used in:
o Metro trains
o Suburban EMUs
o High-speed trains
e Concentrated power used in:
o Semi-high-speed trains
e Loco-hauled systems used in:
o Long-haul freight
o [Express passenger trains

*+ Industry Trend:

Modern railways prefer distributed power for urban transit due to energy savings and better
passenger comfort.
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4. Summary & Q&A (= 5 minutes)

Key Takeaways:

Traction powering defines how trains are moved

Loco-hauled is simple but less efficient

Concentrated power improves performance

Distributed power offers best acceleration and energy efficiency

Typical Student Doubts:

e Why not use distributed power everywhere? — Higher initial cost
o Which is best for freight? — Loco-hauled due to flexibility

€ Mentorship Note (Career Perspective)

Mastering traction powering systems helps you:

e Understand traction motor control and braking
e Prepare for railway, metro, and PSU jobs
e Work on energy-efficient transport solutions

The future of transportation belongs to engineers who understand power distribution.

1.7: Lighting System — Advantages of 110
V DC over 24 V DC System

1. Hook / Introduction (= 5 minutes)

Opening Question:
“Why do railway coaches use a 110 V DC lighting system, while your inverter at home often
uses 12V or 24 V DC?”
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At first glance, lower voltage looks safer. But in railway coaches—Ilong vehicles with many
lights, fans, and auxiliary loads—engineering decisions are made for reliability, efficiency,
and safety under moving conditions. Today we will understand why 110 V DC is preferred
over 24 V DC in train lighting systems.

This topic links electrical theory with practical system design, which is exactly what a
Diploma engineer is expected to understand.

2. Core Concepts (= 40 minutes)

2.1 Lighting Supply in Railway Coaches
Railway coach lighting systems require:

e Continuous and reliable power
e Battery backup during power failure
e Safe operation under vibration and long cable runs

Traditionally, Indian Railways adopted the 110 V DC system as a standard for coach lighting.

2.2 Basic Electrical Principle Behind Voltage Selection

From Ohm’s law:

[
P = V \times I

]

For a given power requirement:

e Higher voltage — Lower current
e Lower voltage — Higher current

Analogy:
Supplying water through a narrow pipe requires high pressure. Similarly, supplying power
efficiently requires higher voltage.

2.3 Comparison of 110 V DC and 24 V DC Systems

(a) Current Requirement
For the same load:

e 24V DC system draws much higher current
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e 110V DC system draws lower current
Higher current causes:

e More heating in cables
e Higher power loss ((1*2R))

(b) Conductor Size and Weight

e 24V DC — Thick cables needed
110 V DC — Thinner cables sufficient

<+ Practical Benefit:
Reduced cable weight is extremely important in moving railway coaches.

(c) Voltage Drop Over Long Distance
Railway coaches are long, and loads are spread throughout.

e 24V DC — Large voltage drop
110V DC — Smaller voltage drop

Result: Uniform brightness of lights in all coaches.

(d) Battery Size and Efficiency

e 110V DC system requires smaller current
e Battery capacity utilization is better
e Longer backup duration during failure

<+ Fun Fact:
A 110 V battery bank can supply emergency lighting for several hours without significant
voltage sag.

(e) Safety Considerations

e Both systems use DC, reducing shock risk
110 V DC is well within safe limits when properly insulated
e Railway standards ensure robust insulation and protection
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2.4 Why Not Use AC for Lighting?

e AC supply causes flicker
e Not suitable for battery backup
e Complex switching during failure

Hence, DC lighting is preferred in railway coaches.

2.5 Visual Explanation (For Blackboard / Notes)

<+ Diagram to Draw:
Two parallel circuits supplying same load:

e Left: 24 V DC — Thick wire — High current
e Right: 110 V DC — Thin wire — Low current

Label current, cable size, and losses.

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

e 110V DC system used in:
o Passenger coaches
o EMU and MEMU trains
e Enables:
o Reliable lighting
o Efficient battery charging
o Lower maintenance cost

<+ Industry Insight:
Many modern trains now use 110 V DC with electronic regulation for improved efficiency
and diagnostics.

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

Key Takeaways:

110 V DC results in lower current

Lower losses and voltage drop

Smaller conductor size and lighter weight
Better battery performance and reliability
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Typical Student Doubts:

e /s 110 V DC dangerous? — Safe with proper insulation
e Why not 230 V? — Safety and battery compatibility

® Mentorship Note (Career Perspective)

Understanding voltage selection helps you:

e Design efficient electrical systems
e Answer “why” questions in interviews
e Work confidently in railway, metro, and EV projects

Engineers are not chosen for memorizing values—but for understanding why those values
exist.

1.8: Classification of Electrical
Locomotives

1. Hook / Introduction (= 5 minutes)

Opening Question:
“Why do some electric locomotives look bulky and powerful, while others are sleek and fast
like metro trains?”

The answer lies in the type of electrical locomotive and its application. Just as different
vehicles are designed for highways, cities, or mountains, electrical locomotives are classified
based on supply system, type of motor, and service requirement. Understanding this
classification helps you appreciate how electrical engineering decisions shape speed,
power, and efficiency in rail transport.

2. Core Concepts (= 40 minutes)

Electrical locomotives can be classified in several logical ways. For Diploma students, we
focus on simple, application-oriented classification.
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2.1 Classification Based on Type of Electric Supply
(a) DC Locomotives

e Operate on DC supply (e.g., 600V, 750 V, 1.5 kV DC)
e Used earlier in suburban and metro systems

Features:

e Simple control
e High starting torque

Limitation:
e Not suitable for long-distance transmission

¢ Example: Early suburban trains in Mumbai

(b) AC Locomotives

e Operate on single-phase AC (25 kV, 50 Hz)
e Most common in Indian Railways today

Advantages:

e Efficient power transmission
e Reduced losses
e Suitable for long routes

<+ Visual to
Pantograph — Transformer — Traction motors

(c) Dual-Voltage Locomotives

e Can operate on both AC and DC
e Used where supply systems change

<+ Fun
Dual-voltage locomotives avoid changing engines at system boundaries.

2.2 Classification Based on Type of Traction Motor

Draw:

Fact:
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(a) DC Motor Locomotives

e Use series DC motors
e High starting torque

Limitation:

e High maintenance (brushes, commutators)

(b) AC Motor Locomotives

e Use three-phase induction motors
e Controlled using power electronics

Advantages:

e Low maintenance
e High efficiency
e Regenerative braking capability

<+ Modern
Most new locomotives use AC motors.

2.3 Classification Based on Service Requirement

(a) Passenger Locomotives

e Designed for high speed
e Smooth acceleration
e Moderate pulling power

¢ Example: Express and mail trains

(b) Freight Locomotives

e Designed for heavy loads
e High tractive effort
e |ower speed

<+ Visual

Freight loco pulling long wagons with emphasis on torque.

Trend:

Description:
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(c) Mixed-Traffic Locomotives

e Used for both passenger and freight
e Balanced speed and power

2.4 Classification Based on Control and Technology
(a) Conventional Locomotives

e Rheostatic control
e Lower efficiency

(b) Modern Power-Electronic Locomotives

e Use converters and inverters
e Microprocessor controlled
e Regenerative braking

<+ Analogy:
Like manual vs automatic transmission in cars.

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

e Indian Railways mainly uses 25 kV AC, three-phase AC motor locomotives
e Metro trains use distributed traction with AC motors
e Engineers select locomotive type based on:

o Route length

o Load requirement

o Energy efficiency

<+ Industry Insight:
Modern locomotives are also designed for energy regeneration and smart diagnostics.

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

Key Takeaways:

e Electrical locomotives are classified by supply, motor, service, and control
e AC locomotives dominate modern railways
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e Passenger, freight, and mixed-traffic locos serve different needs
e Power electronics define modern traction

Typical Student Doubts:

e Why AC motors instead of DC? — Less maintenance, better efficiency
e Can one loco do all jobs? — Mixed-traffic locos try to do that

€ Mentorship Note (Career Perspective)

Understanding locomotive classification helps you:

e Answer conceptual questions in exams and interviews
e Choose specialization in traction, drives, or power electronics
e Work confidently in railway, metro, and transport projects

When you know why a locomotive is chosen, you think like an engineer—not a technician.

1.9 Electric supply to Locomotive:

1. Hook / Introduction (= 5 minutes)

Opening Question:
“When a locomotive collects 25 kV AC from the overhead line, can it directly feed that power
to motors, lights, fans, and air-conditioning?”

The answer is NO. A locomotive receives very high voltage AC, but different onboard
systems need different voltages and frequencies. The job of traction engineers is to collect,
convert, control, and distribute this power safely. Today’s lecture explains how this
happens—from pantograph to converters—inside a modern electric locomotive.

2. Core Concepts (= 40 minutes)

2.1 Overview of Electric Supply to Locomotive
The electric supply chain in a locomotive involves:

1. Collection of power from OHE

43| Page




2. Conversion to suitable voltage and frequency
3. Distribution to traction and auxiliary loads

# Overall Visual to Draw:

OHE — Pantograph — Main Transformer — Converters — Motors & Aux Loads

2.2 Pantograph
The pantograph is the roof-mounted current-collecting device.
Functions:

e Collects 25 kV, 50 Hz AC from OHE
e Maintains continuous contact despite train motion
e Spring-loaded to ensure proper pressure

Analogy:
Pantograph is like a mobile plug that never disconnects.

<+ Visual Description:
Diamond or single-arm structure touching the contact wire.
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Source:chatgpt

2.3 ARNO Converter (Older System)
ARNO converter is an electro-mechanical phase converter used in earlier locomotives.
Purpose:

e Converts single-phase AC into three-phase AC
e Supplies auxiliary motors (blowers, compressors)

Construction:

e Rotary machine with stator and rotor
e Combines transformer and motor action

Limitations:

e Bulky and heavy
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e Requires maintenance
e Lower efficiency

<+ Fun Fact:
ARNO converters were reliable but are now being replaced by solid-state devices.

2.4 Static Converter (Modern System)
A static converter is a power-electronic device with no moving parts.
Functions:

e Converts single-phase AC to:

o Three-phase AC (for motors)

o DC (for batteries and control circuits)
e Uses thyristors, IGBTs, and diodes

Advantages:
e Compact and lightweight
e High efficiency
e Low maintenance
e Better voltage regulation

«# Visual to Draw:

AC Input — Power Electronics — Controlled AC / DC Output

Analogy:
Static converter works like a smart electronic adapter.

2.5 Hotel Load Converter (HLC)

Hotel Load Converter (HLC) supplies power to passenger coach loads such as:
e Lighting
e Fans

e Air-conditioning

e Charging points

Key Feature:

e Supplies auxiliary power directly from the electric locomotive
e Eliminates diesel generator cars (EOG)
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Benefits:

e Energy efficient
e Less noise and pollution
e Lower operating cost

<+ Industry Trend:
Indian Railways is rapidly shifting from EOG to HOG/HLC systems.

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

e Pantographs operate in:

o Indian Railways

o Metro systems

o High-speed rail
e Static converters dominate modern locomotives
e HLC improves:

o Passenger comfort

o Energy efficiency

o Environmental performance

<+ Practical Insight:
A fault in converters can stop not just traction—but also lighting and AC.

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

Key Takeaways:

Pantograph collects high-voltage AC power

ARNO converter is an older electro-mechanical device
Static converters are modern and efficient

HLC supplies hotel loads without diesel generators

Typical Student Doubts:

e Why replace ARNO with static converter? — Efficiency & maintenance
e /s HLC safe? — Yes, with proper protection

® Mentorship Note (Career Perspective)
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Understanding locomotive power supply helps you:

e Master power electronics and traction drives
e Prepare for railway and PSU technical roles
e Contribute to energy-efficient transportation

Engineers who control power flow control the future of transport.

1.10: Braking Systems in Electric
Locomotives

(Dynamic, Rheostatic & Regenerative Braking)

1. Hook / Introduction (= 5 minutes)

Opening Question:
“When a 4000-tonne train running at high speed slows down smoothly without using
mechanical brakes, where does all that energy go?”

Braking in electric locomotives is not just about stopping a train—it is about controlling
energy safely and efficiently. Unlike conventional friction brakes, electric braking methods
can convert motion into electrical energy, reduce wear, and even save power.
Understanding these braking systems is essential for every electrical engineer involved in
traction.

2. Core Concepts (= 40 minutes)

2.1 Why Special Braking Systems Are Needed

Electric locomotives:

e Operate at high speeds
e Carry heavy loads
e Run for long distances

Mechanical brakes alone:

e Overheat quickly
e \Wear out faster
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e Are unsafe at high speeds

Hence, electrical braking systems are used along with mechanical brakes.

2.2 Basic Principle of Electric Braking
When braking is applied:

e The traction motor acts as a generator
e Kinetic energy of the train is converted into electrical energy

Like a bicycle dynamo producing electricity when the wheel turns.

2.3 Dynamic Braking
In dynamic braking:

e Traction motor works as a generator
e Generated electrical energy is dissipated as heat in external resistors

<+ Visual to
Motor — Generator — Braking resistor — Heat

Features:

e Independent of overhead supply
e Reliable during power failure

Limitation:
e Energy is wasted as heat

Used mainly in older locomotives.

2.4 Rheostatic Braking
Rheostatic braking is a type of dynamic braking where:

e Current is passed through variable resistors (rheostats)
e Braking effort is controlled by adjusting resistance

<+ Key
Rheostatic braking allows better control over braking force.

Analogy:

Draw:

Difference:
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Advantages:

e Smooth braking
e Effective at high speeds

Disadvantage:

e Energy loss in resistors

2.5 Regenerative Braking
In regenerative braking:

e Traction motor acts as a generator
e Generated electrical energy is fed back to the supply system

<+ Visual to
Motor — Generator — Converter — OHE / Grid

Generator Converter OHE / Grid

Source:chatgpt
Advantages:

e Energy saving
e Reduced heat losses
e Environment-friendly

*+ Fun
Modern locomotives can recover up to 30% of braking energy.

Draw:

Fact:
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Requirement:

e Supply system must be capable of accepting power
e Use of power electronics and converters

2.6 Comparison of Braking Methods

Feature Dynamic Rheostati Regenerativ
c e

Energy Use Dissipated Dissipated Reused

Efficiency Low Medium High
Equipment Resistors Rheostats Converters
Modern Usage Rare Limited Widely used

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

e Regenerative braking used in:
o Modern electric locomotives
o Metro trains
o High-speed rail
e Helps:
o Reduce electricity bill
o Lower carbon footprint
e Dynamic and rheostatic braking act as backup systems

<+ Industry Insight:
Indian Railways saves millions of units of electricity annually using regenerative braking.

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

Key Takeaways:

Electric braking converts kinetic energy into electrical energy
Dynamic braking wastes energy as heat

Rheostatic braking improves control

Regenerative braking saves energy and is most efficient
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Typical Student Doubts:

e s regenerative braking always possible? — Depends on grid condition
o Why still use resistors? — Backup and safety

® Mentorship Note (Career Perspective)

Mastering electric braking systems helps you:

e Understand energy conversion and control
e Work on energy-efficient transport projects
e Build strong concepts in power electronics and drives

Engineers who learn how to stop safely learn how to move the future efficiently.

1.11: Distributed Power Wireless Control
System (DPWCS)

and Need for Distributed Power System

1. Hook / Introduction (= 5 minutes)

Opening Question:
“‘How can a single driver control multiple locomotives placed at different positions in a long
train without any physical cable connection?”

In earlier days, long freight trains depended on one powerful locomotive at the front. Today,
modern trains use distributed power, where locomotives are placed at the front, middle, or
rear—and yet one driver controls them all. This is made possible by the Distributed Power
Wireless Control System (DPWCS). This topic shows how electrical engineering meets
communication technology to improve safety and efficiency.

2. Core Concepts (= 40 minutes)
2.1 Need for Distributed Power System
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As train length and load increased, single-locomotive operation created several problems:

High stress on couplers

Uneven pulling force

Wheel slip and derailment risk

Poor braking response in long trains

Use multiple locomotives distributed along the train.

‘

Solution:

Analogy:

It is easier for several people to push a heavy truck together than one person pulling it alone.

2.2 What is Distributed Power System?

In a distributed power system:

e Two or more locomotives are placed at different positions
e All locomotives provide traction and braking force
e Power is applied uniformly throughout the train

<+ Visual to
Train with locomotives at front, middle, and rear.

2.3 Need for Wireless Control
Physical cable connections between locomotives:

e Are impractical for long trains
e Increase maintenance and failure points

Hence, wireless communication is used to control distributed locomotives.

2.4 Distributed Power Wireless Control System (DPWCS)
DPWCS allows:

e Remote control of slave locomotives
e Real-time communication between locomotives
e Synchronized traction and braking

Main Components:

1. Master Locomotive Control Unit

Draw:
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2. Remote Locomotive Control Unit
3. Wireless Communication Link
4. Feedback and Monitoring System

¢ Block Diagram Description:

Driver Console — Master Control Unit — Wireless Link — Remote Locomotive — Traction &
Braking

2.5 Working of DPWCS (Step-by-Step)

Driver gives command (speed, brake)
Command is transmitted wirelessly

Remote locomotives receive the signal

Traction and braking are applied simultaneously
Feedback is sent to master locomotive

aokrwd-~

Key Feature:
All locomotives act as one single unit.

2.6 Advantages of DPWCS

Reduced mechanical stress
Improved braking efficiency
Better energy utilization
Enhanced safety

<+ Fun Fact:
DPWCS allows trains longer than 1.5 km to be controlled safely.

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

o Widely used in:
o Heavy freight corridors
o Coal and mineral transport
e Indian Railways uses DPWCS for:
o Dedicated Freight Corridors
o Long-haul goods trains

*+ Industry Insight:
DPWCS reduces fuel and energy consumption by optimizing traction effort.
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4. Summary & Q&A (= 5 minutes)

Key Takeaways:
e Distributed power solves problems of long, heavy trains
e DPWCS enables wireless control of multiple locomotives
e Improves safety, braking, and energy efficiency
e Combines electrical and communication engineering

Typical Student Doubts:

e /s wireless control reliable? — Yes, with redundancy
o What if signal fails? — System shifts to safe mode

® Mentorship Note (Career Perspective)

Understanding DPWCS helps you:

e Learn modern traction automation
e Build skills in control systems and communication
e Prepare for careers in railway modernization projects

Future engineers will not just power trains—they will network them.
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1.12: Block Diagram of Locomotive Power
Circuit

1. Hook / Introduction (= 5 minutes)

Opening Question:
“When a driver moves the throttle handle, how does that simple action finally rotate huge
traction motors and move thousands of tonnes of train?”

The answer lies in the locomotive power circuit. A block diagram is like a road map of
electrical energy inside a locomotive. If you understand this diagram, you can explain how
power is collected, converted, controlled, and used. For Diploma engineers, this topic is a
high-scoring and concept-building area in exams and practical work.

2. Core Concepts (= 40 minutes)

2.1 What is a Block Diagram?
A block diagram shows:

e Major components of a system
e Direction of power flow
e Functional relationship between blocks

Analogy:
Like a flowchart showing how raw material becomes a finished product.

2.2 Overview of Locomotive Power Circuit
In an electric locomotive, the power circuit performs four main functions:

Power collection

Voltage transformation

Power conversion and control

Power utilization (traction and auxiliary loads)

PN~

2.3 Step-by-Step Explanation of Power Circuit Blocks
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< Main Block Diagram (to draw from left to right):

OHE — Pantograph — Main Circuit Breaker — Main Transformer —
Power Converter — Traction Motors

!

Auxiliary Converter — Battery & Aux Loads

Now let us understand each block.

(a) Overhead Equipment (OHE)

e Supplies 25 kV, 50 Hz AC
e Acts as the primary power source

(b) Pantograph

e Collects power from OHE
e Maintains continuous contact during motion

& Draw pantograph touching contact wire.

(c) Main Circuit Breaker (MCB)

e Protects locomotive from:
o Overcurrent
o Short circuits
e Opens automatically during fault

Acts as the main safety gate.

(d) Main Transformer

e Steps down 25 kV AC to suitable voltage
e Provides multiple secondary outputs for:
o Traction
o Auxiliary systems

@ Draw transformer block with multiple outputs.
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(e) Power Converter

e Converts AC to DC and then to controlled AC
e Controls speed and torque of traction motors
e Uses power electronics (IGBTSs, thyristors)

<+ Visual
Label as Rectifier + Inverter.

(f) Traction Motors

e Convert electrical energy into mechanical energy
e Drive wheels through gears

Modern locomotives use three-phase AC induction motors.

(g) Auxiliary Converter

e Supplies power to:

o Blowers
o Compressors
o Lighting

o Control circuits
e Charges battery

(h) Battery

e Provides emergency and control power
e Ensures operation during supply failure

2.4 Power Flow During Braking (Brief Note)
During regenerative braking:

e Traction motors act as generators
e Power flows back to OHE via converter

& Draw arrow showing reverse power flow.

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

e Used by:

o Loco pilots for basic understanding

o Maintenance engineers for troubleshooting
e During faults, engineers:

o Trace power flow using block diagram
e Essential for:

o Railway exams

o Field maintenance

o Diagnostic systems

<+ Practical Link:
Most technical manuals begin with the block diagram.

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

Key Takeaways:

Block diagram shows complete locomotive power flow
Major blocks: Pantograph, Transformer, Converter, Motors
Auxiliary systems are integral part of power circuit
Understanding blocks helps in fault analysis

Typical Student Doubts:

e Why so many converters? — Different loads need different power
e What happens during fault? — MCB isolates the system

® Mentorship Note (Career Perspective)

If you can draw and explain the locomotive power circuit block diagram confidently, you:

e Score well in exams and vivas
e Understand advanced topics like braking and converters
e Think like a system engineer, not just a component learner

A block diagram is the language of professional engineers—Ilearn to speak it fluently.
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1.13: Three-Phase AC Locomotive

1. Hook / Introduction (= 5 minutes)

Opening Question:
“Why did modern electric locomotives move away from DC motors to three-phase AC
motors—when DC motors already had good starting torque?”

The answer is efficiency, reliability, and control. Three-phase AC locomotives represent
the modern standard in electric traction. They combine strong mechanical performance with
advanced power electronics to deliver higher efficiency, lower maintenance, and energy
savings—exactly what large railway networks need today.

2. Core Concepts (= 40 minutes)

2.1 What is a Three-Phase AC Locomotive?
A three-phase AC locomotive is an electric locomotive that:

e Receives single-phase AC (25 kV, 50 Hz) from OHE
e Converts it using power electronics
e Drives three-phase AC traction motors (usually induction motors)

Key idea: Supply is single-phase, but motors run on three-phase AC.

2.2 Why Three-Phase AC Motors?

Advantages over DC motors:

No brushes or commutator — low maintenance
High efficiency and power density

Robust construction

Suitable for high power and high speed

<+ Fun Fact:
AC induction motors are among the most reliable machines ever built.

2.3 Main Components of a Three-Phase AC Locomotive
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¥ Block Diagram to Draw (Left to Right):

OHE — Pantograph — Main Transformer — Rectifier — DC Link —
Inverter — Three-Phase AC Traction Motors

2.4 Step-by-Step Working
(a) Power Collection

e Pantograph collects 25 kV AC from OHE
(b) Main Transformer

e Steps down high voltage
e Provides suitable voltage for converters

(c) Rectifier

e Converts AC to DC
e Creates a stable DC link

(d) Inverter

e Converts DC into variable-frequency, variable-voltage three-phase AC
e Controls motor speed and torque

Analogy:
Think of the inverter as a smart controller that tells the motor how fast and how strong to run.

(e) Three-Phase AC Traction Motors

e Typically induction motors
e Drive axles through gears
e Speed controlled by changing frequency

2.5 Speed Control in AC Locomotives

e Motor speed « Supply frequency
e Inverter adjusts frequency smoothly
e Results in:

o Smooth acceleration

o Precise speed control

o Efficient operation
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2.6 Braking Capability
Three-phase AC locomotives support:

e Regenerative braking
e Electrical energy fed back to OHE
e Significant energy savings

< Visual Tip:
Show reverse arrow from motors to OHE during braking.

2.7 Comparison with DC Locomotive (Quick)

Aspect DC Locomotive Three-Phase AC Locomotive
Motor DC series AC induction

Maintenance High Low

Control Rheostatic Electronic (inverter)

Energy Efficiency Lower Higher

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

e Used extensively in:
o Indian Railways mainline locomotives
o High-speed rail
o Modern metro systems
e Ideal for:
o Heavy freight
o Long-distance passenger trains
e Enables:
o Energy recovery
o Reduced operating cost
o Higher availability

*+ Industry Insight:
Most new locomotives ordered today are three-phase AC due to lifecycle cost benefits.
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4. Summary & Q&A (= 5 minutes)

Key Takeaways:

Three-phase AC locomotives are the modern standard

Use power electronics to control AC motors

Offer high efficiency, low maintenance, and regenerative braking
Excellent speed and torque control

Typical Student Doubts:

e Why not supply three-phase directly from OHE? — Transmission and system
constraints
e Are AC motors weaker at start? — Inverter control provides high starting torque

® Mentorship Note (Career Perspective)

Mastering three-phase AC locomotives helps you:

e Build strong fundamentals in power electronics and drives
e Prepare for railway, metro, and PSU technical roles
e Transition smoothly to advanced topics like EVs and industrial motor drives

The future of traction belongs to engineers who understand three-phase AC control—start
mastering it now.

1.14: Effect of Speed on Specific Energy Consumption

1. Hook / Introduction (= 5 minutes)

Start the session with a motivating question:
“‘Have you ever wondered why a train uses more electricity when it goes faster, even though
it's the same train on the same track?”

e Connect to prior knowledge: Recall from previous lessons how electrical traction
systems supply energy to trains and how energy consumption depends on speed, load,
and resistance.

e Introduce the concept: Today, we will explore how the speed of a train affects the
energy it consumes per unit distance, known as specific energy consumption.
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Fun Fact: The famous Japanese Shinkansen “bullet trains” are designed to optimize speed
and energy consumption simultaneously. Engineers analyze specific energy consumption to
make high-speed trains both fast and efficient.

Visual Suggestion: Draw a simple train on a straight track with an arrow showing increasing
speed. Label it “Speed” and “Energy Consumed per km” for visual engagement.

2. Core Concepts (= 40 minutes)
Step 1: Understanding Specific Energy Consumption

e Definition: Specific energy consumption (SEC) is the energy consumed per unit mass
of the train per unit distance (usually kWh/ton-km).
o Formula:
[
\text{SEC} = \frac{\text{Energy consumed (kWh)}}{\text{Train mass (tons)}
\times \text{Distance travelled (km)}}
]
e This metric helps compare energy efficiency between trains of different sizes or
speeds.

Step 2: Factors Affecting SEC

e Train resistance components:
1. Rolling resistance — friction between wheels and rails. (almost constant with
speed)
2. Aerodynamic resistance — proportional to the square of speed (dominates at
high speeds).
e lllustration Idea: Draw a graph of “Resistance vs Speed” showing rolling resistance
as a flat line and aerodynamic resistance increasing sharply with speed.

Step 3: Relationship Between Speed and SEC

At low speeds, rolling resistance dominates; SEC increases slowly with speed.

At medium speeds, both rolling and aerodynamic resistance contribute; SEC rises
more noticeably.

At high speeds, aerodynamic resistance dominates; SEC increases rapidly.
Analogy: Think of riding a bicycle: pedaling slowly is easy, but as speed increases,
wind resistance makes you work much harder—same idea applies to trains.

Step 4: Graphical Representation

e Draw a speed vs SEC curve (U-shaped for low-speed trains, rising sharply for high-
speed trains).
e Explain how engineers find an “optimal speed” where SEC is minimum.

Step 5: Mathematical Insight (Diploma-Level Depth)
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e Total resistance (R t=R r+R_a)

o (R_r) = rolling resistance (= constant)

o (R_a=k\cdot v*2) (aerodynamic resistance)
Power required: (P = R_t \cdot v)
Specific energy consumption:
[
\text{SEC} = \frac{P \cdot t{m \cdot s} = \frac{(R_r + k v*2)v \cdot s/v}{m \cdot s} =
\frac{R_r + k vA2H{m}
]

e Interpretation: At higher speeds, (k v*2 / m) dominates; hence SEC rises rapidly.
Step 6: Practical Classroom Demonstration

e Show a small-scale toy train or simulation (if possible) and vary the speed, noting
increased power consumption.
e Encourage students to predict SEC before revealing measurements.

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

e Electric railways: Engineers choose operating speeds to balance travel time and
energy efficiency.

e High-speed trains: Aerodynamic design is critical to reduce SEC at high speeds
(bullet-shaped noses, smooth surfaces).

e Metro & suburban trains: Operate at moderate speeds for low SEC, enabling energy
savings and reduced operational cost.

Visual Suggestion: Show side-by-side sketches of a Shinkansen (high-speed, low SEC
design) and a metro train (moderate speed, energy-efficient).

Mentorship Note: Understanding SEC is crucial for careers in railway design, energy
management, or transportation planning. Mastery allows engineers to design energy-efficient
systems, optimize operations, and reduce environmental impact.

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

1. Specific energy consumption depends on speed, train mass, and resistances.

2. Rolling resistance dominates at low speeds; aerodynamic resistance dominates at
high speeds.

3. There is an optimal speed where SEC is minimum—important for energy-efficient
train operation.

4. Practical engineering decisions use SEC analysis to design and operate efficient
trains.
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Sample Questions for Students:

Why does SEC rise sharply at high speeds?

How can train design reduce aerodynamic resistance?

Which type of train (metro or high-speed) has more influence from aerodynamic
resistance?

Career Tip: Engineers who can analyze SEC are sought in railway operations, electric vehicle
design, and energy optimization projects. Understanding this topic opens doors to roles in
transport planning, energy auditing, and sustainable engineering solutions.

If you want, | can also create a ready-to-use, hand-drawn style visual guide for the
diagrams and graphs mentioned in this lecture so students can follow along easily. It will
complement this lecture perfectly.

Do you want me to do that next?

Absolutely! Here’s a Student Al Toolkit for Unit—1: Electrical Traction Supply System with
25 copy-paste-ready Al prompts, categorized by learning level and aligned with Bloom’s
taxonomy. Each prompt is clear, practical, and suitable for Diploma Electrical Engineering
students.

Student Al Toolkit

A. Low-Level Prompts (10 prompts — Remember &
Understand)

1. “Explain the term ‘Electrical Traction’ in simple words suitable for Diploma students.”

2. “List the main types of electrical traction systems and give one line description for
each.”

3. “Define specific energy consumption and explain why it is important for trains.”

4. “Summarize the effect of speed on energy consumption of an electric train in simple
language.”

5. “What are rolling resistance and aerodynamic resistance? Give examples related to
trains.”

6. “Explain in simple words the difference between AC and DC traction systems.”

7. “Describe the main components of an electric traction supply system with a short
explanation for each.”

8. “Write a short paragraph explaining how energy is transferred from the power supply
to a train.”
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9.

10.

“Give a simple example to explain why high-speed trains consume more energy than
low-speed trains.”

“List five key points that a student should remember about speed vs specific energy
consumption in trains.”

B. Moderate-Level Prompts (10 prompts — Apply &
Analyze)

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

“Compare rolling resistance and aerodynamic resistance and explain which one
dominates at high train speeds and why.”

“Given a train moving at low and high speeds, analyze how its energy consumption
per km changes.”

“Explain with an example how optimizing train speed can reduce energy consumption
in real-world railway operations.”

“Draw or describe a simple graph showing speed vs specific energy consumption for
an electric train and explain its shape.”

“Explain why suburban metro trains and high-speed bullet trains have different energy
efficiency characteristics.”

“Analyze how changes in train mass affect specific energy consumption and give an
example.”

“Explain why understanding train resistance is important for railway engineers.”
“Create a step-by-step explanation of how a train converts electrical energy to
mechanical energy.”

“Describe a real-world scenario where energy efficiency analysis could improve train
operation or scheduling.”

“Compare the energy consumption of two trains with different speeds and masses
using logical reasoning.”

C. High-Level Prompts (5 prompts — Design & Create)

21.

22.

23.

24.

25.

“Design a simple plan for minimizing energy consumption for a passenger train on a
medium-distance route, considering speed and load.”

“Propose a method to calculate the optimal speed of a train to achieve minimum
specific energy consumption, explaining each step.”

“Create a workflow or checklist for railway engineers to analyze energy consumption
of different train services.”

“‘Develop a problem-solving strategy to reduce energy losses in an electric traction
system for high-speed trains.”

“Imagine you are designing an energy-efficient urban train network. Describe the key
factors and steps you would consider to optimize speed and energy usage.”
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Notes for Students:

e Copy these prompts directly into any Al tool (like ChatGPT or similar) to get clear
explanations, examples, and step-by-step solutions.

e Use Low-Level prompts to understand theory, Moderate-Level prompts to apply and
analyze concepts, and High-Level prompts to think critically and design solutions.

e These prompts can also help prepare for exams, assignments, and projects
effectively.

If you want, | can also create a companion “Al Prompt Cheat Sheet” with example
answers and diagrams for these 25 prompts so students can self-study the entire unit
using Al in 1-2 hours.

Do you want me to do that next?

Absolutely! Here’s a Mastery Check section for Unit—1: Electrical Traction Supply System,
designed specifically for Diploma Electrical Engineering students, structured for exam
readiness and Al-assisted learning.

— Mastery Check

1. Key Definitions / Glossary (Top 15 Terms)

S.No Term Diploma-Level Definition
1 Electrical Traction Use of electric energy to move trains or vehicles on rails.
2 Traction System Complete arrangement of power supply, equipment, and

control to move a train electrically.

3 Specific Energy Energy consumed per ton of train per kilometer traveled
Consumption (SEC) (kWh/ton-km).
4 Rolling Resistance Frictional force between train wheels and rails opposing
motion.
5 Aerodynamic Resistance  Force opposing train motion due to air drag, increasing
with speed.
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10

11

12

13

14

15

AC Traction

DC Traction

Overhead Line Equipment

(OLE)

Pantograph

Substation

Regenerative Braking

Traction Motor

Load Factor

Optimal Speed

Train Resistance

Train operation using alternating current supply.

Train operation using direct current supply.

Wires and supporting system supplying power to electric
trains.

Device on a train that collects current from overhead wires.

Facility converting and supplying electrical energy to
traction systems.

System where train converts kinetic energy back to
electrical energy during braking.

Electric motor that drives the train wheels.

Ratio of average load carried to maximum possible load of
a train.

Speed at which specific energy consumption of a train is
minimum.

Sum of all forces opposing train motion, including rolling
and aerodynamic resistance.

2. FAQ & Assessment Section

A. Multiple Choice Questions (MCQs) — 20 Questions

1.

Electrical traction refers to:
a) Diesel-powered vehicles
b) Steam engines
c) Electric-powered trains
d) Manual trams

Specific energy consumption (SEC) is measured in:
a) kWh
b) kKWh/km
c) kWh/ton-km
d) kW
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10.

11.

12.

Which resistance increases sharply at high speeds?
a) Rolling resistance
b) Aerodynamic resistance
c) Friction resistance
d) Traction resistance

A pantograph is used to:
a) Reduce train speed
b) Collect current from overhead wires
c) Increase traction motor power
d) Control train brakes

AC traction uses:
a) Direct current
b) Alternating current
c) Solar power
d) Battery only

Regenerative braking helps in:
a) Reducing train speed by friction
b) Converting kinetic energy to electrical energy
c) Increasing traction motor power
d) Reducing rolling resistance

Optimal speed of a train is:
a) Maximum possible speed
b) Speed with minimum SEC
c) Average daily speed
d) Speed of freight trains

Overhead Line Equipment (OLE) supplies:
a) Water
b) Electrical energy
C) Mechanical force
d) Air pressure

Rolling resistance mainly depends on:
a) Air density
b) Train weight and wheel friction
c) Pantograph design
d) Track curvature

Traction motors convert:
a) Mechanical energy to electrical energy
b) Electrical energy to mechanical energy
c) Heat energy to kinetic energy
d) Kinetic energy to potential energy

Substation function is to:
a) Supply water to trains
b) Convert and supply electrical energy to traction lines
c) Control train speed mechanically
d) Reduce train resistance

DC traction is commonly used in:
a) High-speed trains
b) Metro and suburban systems

70| Page




c) Steam locomotives
d) Diesel trains

13. Aerodynamic resistance varies:
a) Linearly with speed
b) With square of speed
c) With cube of speed
d) Independently of speed

14. Load factor indicates:
a) Energy consumption of the train
b) Efficiency of energy usage based on train load
c) Resistance per km
d) Motor efficiency

15. Train resistance includes:
a) Only rolling resistance
b) Only aerodynamic resistance
c) Both rolling and aerodynamic resistance
d) Only braking resistance

16. SEC increases when:
a) Train moves slower
b) Train moves at optimal speed
c) Train moves faster than optimal speed
d) Load decreases

17. A substation may include
a) Transformers and circuit breakers
b) Only wires
c) Pantographs
d) Traction motors

18. The main advantage of electric traction is:
a) Low energy efficiency
b) High maintenance cost
c) Efficient and pollution-free operation
d) Heavy weight of locomotives

19. Which device reduces energy loss during braking?
a) Pantograph
b) Regenerative braking system
c) Traction motor
d) OLE

20. Specific energy consumption is minimized by:
a) Increasing train weight
b) Operating at optimal speed
c) Reducing rolling resistance only
d) Removing pantographs

Answer Key - MCQs

1-c, 2-c, 3-b, 4-b, 5-b, 6-b, 7-b, 8-b, 9-b, 10-b, 11-b, 12-b, 13-b, 14-b, 15-c, 16-c, 17-a, 18-c,

19-b, 20-b
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B. Short Answer / Viva Questions — 10 Questions

Define electrical traction and explain its main advantages.

What is specific energy consumption and why is it important for railway engineers?
Explain the effect of train speed on rolling and aerodynamic resistance.

Describe the function of a pantograph in electric trains.

What is regenerative braking and how does it improve energy efficiency?
Compare AC and DC traction systems in terms of applications.

How is optimal speed determined for minimum energy consumption?

Explain the role of a substation in an electrical traction supply system.

Describe how train mass affects specific energy consumption.

0. Discuss the importance of understanding train resistance in designing efficient train
operations.

SV NORWON -~

Usage Notes:

Students can use the glossary to memorize technical terms for exams and viva.
MCQs help test conceptual clarity and basic applications, while short-answer
qguestions build reasoning and explanation skills.

e This Mastery Check aligns with OBE (Outcome-Based Education) principles,
focusing on understanding, application, and analytical thinking.

If you want, | can also create a “Visual Mastery Map” showing connections between all
key terms, MCQs topics, and short-answer concepts—ideal for rapid revision and Al-
assisted self-study.

Do you want me to create that next?
Absolutely! Here’s a Digital Resource Library for Unit—1: Electrical Traction Supply

System, designed for Diploma Electrical Engineering students to support self-learning,
visualization, and practical understanding.

— Digital Resource Library

1. Al Tools & Digital Learning Tools

Tool Name Purpose / Use-Case How It Helps in Learning This Unit
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PhET Interactive Free interactive

Simulations simulations for physics
and engineering
concepts

Tinkercad Online virtual circuit

Circuits design and simulation

(Autodesk)

Simulink System-level simulation

(MATLAB Online) of electrical and

mechanical systems

ChatGPT /| Al Generate explanations,
Learning summaries, step-by-
Assistants step problem solutions
Draw.io | Free diagram and

Diagrams.net flowchart creation

Allows students to visualize electric circuits,
motors, and energy consumption, helping
understand how traction motors and energy
losses behave in trains.

Students can simulate simple DC/AC traction
circuits, motors, and energy flow to explore
how electrical energy is converted to
mechanical motion.

Enables modeling and analysis of train traction
systems, including speed, resistance, and
specific energy consumption; useful for
understanding complex interactions.

Can help students clarify concepts, create
examples, solve energy consumption
problems, and prepare for viva or exams using
customized prompts.

Helps students create traction system layouts,
block diagrams, and speed vs SEC graphs for
visual learning and exam revision.

Usage Tip: Combine Simulink or Tinkercad for simulation experiments with ChatGPT to
explain results in simple, exam-friendly language. Use Draw.io to document your learning

visually.

2. Video Learning Repository

Topic Name Recommended

Channel / Search Keywords

Course / Lecturer Name

Introduction to Electrical NPTEL - Prof.
Traction Chowdhury
AC and DC Traction NPTEL — Prof. R. K. Sharma

Systems

Components of Electrical
Traction System

NPTEL — Prof. S. K. Singhal

S. P. “Electrical Traction NPTEL

lecture introduction”

“AC DC traction system NPTEL
video lecture”

“Traction system components
NPTEL”
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Specific Energy
Consumption and Train
Speed

Rolling and Aerodynamic
Resistance

Traction Motors and Power
Conversion

Regenerative
System

Braking

Overhead Line Equipment
& Pantograph

Optimal Speed and Energy
Efficiency

Practical Examples &
Problem Solving

Tip for Students:

YouTube — Learn Engineering

NPTEL / SWAYAM

NPTEL — Prof. R. K. Sharma

YouTube — Engineering Funda

NPTEL - Prof. S. P.
Chowdhury
SWAYAM - Diploma

Engineering Module

YouTube — Gate Lectures by
Ravindrababu

“specific energy consumption
train speed Learn Engineering”

“train resistance
aerodynamic NPTEL”

rolling

“traction motor working NPTEL
lecture”

‘regenerative braking system
electric train”

“pantograph  OLE electrical

traction NPTEL”

“optimal train speed energy
efficiency SWAYAM”

“traction system solved problems
Diploma”

Use the search keywords exactly as shown to reliably find videos.
Watch videos alongside simulations (e.g., Tinkercad or Simulink) for better

understanding.

e Pause, replay, and take notes of diagrams to reinforce learning and exam readiness.

Learning Strategy Using This Library

1. Understand Concepts: Start with Al explanations (ChatGPT) for definitions, SEC,

and resistances.

2. Visualize & Simulate: Use PhET, Tinkercad, or Simulink to model train motion, energy

flow, and braking.

3. Practice Problem Solving: Generate step-by-step examples using ChatGPT prompts
and compare with video examples.
4. Revise Visually: Draw block diagrams, speed vs energy graphs, and system layouts

using Draw.io.

5. Prepare for Exams: Watch recommended videos for concise explanations, solved
examples, and practical tips.
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— Predicted Question Bank

1. Most Repeated / High-Probability Questions

A. Core Definitions & Terminology

1. Define Electrical Traction.

2. What is Specific Energy Consumption (SEC) and why is it important in electric
traction?

3. Define Rolling Resistance and Aerodynamic Resistance.

What is a Traction Motor? Explain its function in an electric train.

5. Define Regenerative Braking and describe its significance.

B

B. Explanatory / Concept Questions
6. Explain the effect of train speed on specific energy consumption with an illustrative
example.

7. Describe the components of an electric traction supply system.
8. Compare AC and DC traction systems in terms of applications, advantages, and
limitations.

9. Explain the concept of optimal speed in electric trains.
10. Describe how train resistance affects the energy required for motion.

C. Diagram-Based / Concept-Focused Questions
11. Draw a block diagram of an electric traction system, labeling major components.
12. Draw and explain a speed vs specific energy consumption curve for a train.
13. Sketch a traction motor connection diagram for a DC electric train.
14. Draw a simple regenerative braking schematic showing energy flow back to the supply.
15. lllustrate the overhead line equipment (OLE) and pantograph system used in electric
traction.

D. Short Notes / 5-10 Marks Questions
16. Short note on train resistance components.
17. Explain advantages of electric traction over diesel traction.
18. Short note on substations in electric traction systems.

19. Discuss energy efficiency measures in modern railway traction systems.
20. Write short notes on applications of AC and DC traction in Indian Railways.
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2. Application & Logical Thinking Questions (5
Questions)

1.

A train weighing 200 tons travels on a level track. Compare the effect of increasing
speed from 60 km/h to 120 km/h on its specific energy consumption. Explain which
resistance dominates at each speed.

If a metro train uses regenerative braking, explain how energy is recovered and
calculate the approximate energy savings if the train slows from 40 km/h to a stop.
(Use logical assumptions; no complex formulas required)

A railway engineer wants to reduce energy consumption for a suburban train service.
Suggest at least three practical measures, based on your knowledge of train resistance
and speed. Justify your choices.

A train runs on a route with frequent stops. Explain which type of traction system
(AC/DC) is more suitable and why. Include reasoning related to acceleration, speed,
and energy efficiency.

Analyze a scenario where a high-speed train has excessive SEC at full speed.
Suggest system-level improvements (train design, speed management, or energy
recovery) to optimize efficiency.

Notes for Students

Focus on definitions, diagrams, and concept explanation — these form ~60% of the
unit-based exam.

Application and reasoning questions are high-scoring if answers include logical steps
and illustrative examples.

Draw diagrams neatly; label all components clearly. Diagrams often carry 5-~10 marks
each in Diploma exams.

Questions 1-15 are frequently repeated across universities, autonomous institutes,
and state boards; mastering them ensures high probability of scoring marks.
Questions 1-5 in section 2 help differentiate average pass-level answers from high-
scoring responses by including reasoning and practical implications.
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Below is a comprehensive, syllabus-aligned Study Plan for Unit-2: Applications of
Electric Furnace, designed specifically for Diploma Engineering (Electrical) students,
following GTU Subject: Utilization of Electrical Power (DI04000181) and aligned with OBE
and NEP-2020 principles.

The plan is structured to support faculty lesson planning, student self-study, and Al-
assisted content development, while maintaining Diploma-level depth, clarity, and

industry relevance.

Unit-2 : Applications of Electric Furnace

Total

Suggested

Weightage
Mapped Course Outcome: CO-2 (R, U, A)

In

Lecture
Theory

Hours:

Exam:

~18%

1. Topic-wise & Sequenced Study Plan (As per Syllabus)

Sr. Topic (Strictly Topic Key Learning Suggest Exam Practical /
No. as per Nature* Focus (OBE- ed Hours Importanc Industry
Syllabus) aligned) e Relevanc
e
2.1 Application of Core Understand 1.0 High Very High
Electric Arc why EAF s
Furnace (EAF) used,
in Steel advantages
Industries over
conventional
furnaces
2.2 Steel Industry Supporting Awareness of 0.5 Low— Medium
Scenario in national Medium
India industrial
(Production, context and
Import & Export scale of EAF
— 2024-25) usage
2.3 Methods of Core Compare 1.0 Medium High
Steel different steel-
Production making
Process methods with

focus on EAF
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2.4 Construction of Core Identify major 1.5 High
Electric Arc parts, electrical
Furnace and
mechanical
construction
2.5 Operation of Core Step-by-step 1.5 Very High
EAF: Charging, understanding
Meltdown, of furnace
Oxidation & operation
Refining, De-
oxidation,
Tapping
2.6 Terminology: Supporting Interpret 0.75 Medium
Capacity industrial
Utilization, performance
Yield, Specific and efficiency
Energy parameters
Consumption,
Energy Balance
2.7 Energy Efficient Application-  Apply concepts 1.25 Very High
EAF oriented of energy
Technologies efficiency and
(UHP sustainability
Transformer,
Oxy-fuel
Burner, Mist
Cooling, etc.)
2.8 Estimation of Application- Develop 0.5 High
Energy Saving oriented analytical and
& Payback calculation
Period of skills
Energy Efficient
Methods
2.9 Induction Core Differentiate 1.0 Medium
Furnace — (Comparative between EAF
Construction ) and induction
and Working furnace

*Topic Nature:

e Core: Essential for conceptual and exam understanding
e Supporting: Builds context and clarity

Very High

Very High

High

Extremely
High

Very High

High
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e Application-oriented: Focus on real-world use, efficiency, calculations

2. Logical Learning Flow (Pedagogical Sequencing)

1. Industrial Context First
— Steel industry overview & need for electric furnaces

2. Core Technology
— Construction and operation of Electric Arc Furnace

3. Performance & Efficiency Parameters
— Energy consumption, yield, capacity utilization

4. Modern Industry Practices
— Energy-efficient EAF technologies

5. Application & Comparison

— Induction furnace as an alternative electric furnace

This sequence moves from “Why — What — How — How Efficient — Where Applied”,
ideal for Diploma learners.

3. Mapping with OBE & NEP-2020

OBE Element Alignment in Unit—2
Knowledge (R, U) Construction, operation, terminology
Application (A) Energy efficiency methods, saving & payback estimation

Multidisciplinary Learning  Electrical + Metallurgy + Energy Management
Industry Orientation Steel plants, furnace technology, energy audits

Sustainability Energy-efficient EAF technologies

4. Teaching & Learning Recommendations (Faculty Use)

e Use block diagrams, photographs, and short industrial videos for EAF
construction
Relate specific energy consumption with electricity billing concepts
Encourage numerical examples for energy saving & payback period
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e Integrate industrial visit / case study discussion where possible

5. Student Learning Outcomes (After Unit-2)

After completing this unit, a Diploma student will be able to:

Explain working and applications of electric arc and induction furnaces
Interpret energy consumption and efficiency parameters

Appreciate modern energy-efficient furnace technologies

Apply basic calculations for energy saving and economic analysis

Mentor’s Note

“Electric furnaces are not just heating devices; they are the backbone of modern,
energy-efficient steel production. Understanding them prepares you for real
industrial challenges and sustainable engineering practices.”

2.1: Application of Electric Arc Furnace in Steel
Industries

1. Hook / Introduction (= 5 minutes)

“Have you ever wondered how the steel used in railway tracks, bridges, cars, or even your
motorcycle frame is made?”
Most students know that steel is strong and widely used, but how raw metal becomes high-
quality steel is where electrical engineering plays a powerful role.

Earlier, steel was produced mainly using coal-based blast furnaces. Today, due to rising
energy costs, pollution concerns, and the demand for better quality steel, industries are shifting
towards Electric Arc Furnaces (EAFs).
Here, electricity—not coal—is the main source of heat. This makes the Electric Arc
Furnace a perfect example of how electrical power is directly applied in industry, which is
the core idea of this subject.

2. Core Concepts (= 40 minutes)

What is an Electric Arc Furnace?
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An Electric Arc Furnace is a furnace in which intense heat is produced by an electric arc
formed between graphite electrodes and metal scrap.
Temperatures inside an EAF can reach 3000°C, enough to melt steel quickly and efficiently.

&; Analogy:
Think of an electric arc like a controlled lightning bolt—short, powerful, and extremely hot.

Why Electric Arc Furnaces are Used in Steel Industries
Steel industries prefer EAFs because:

1. Uses Scrap Metal
o Old vehicles, machines, and rejected steel parts are reused
o Promotes recycling and sustainability
2. Better Control of Temperature and Quality
o Electrical control allows precise heating
o Results in uniform and high-quality steel
3. Lower Environmental Pollution
o Less CO, compared to coal-based furnaces
o Suitable for modern environmental regulations
4. Flexible Operation
o Can be started or stopped easily
o ldeal for small and medium steel plants

Basic Working Principle (Explain with Diagram)

Diagram to draw:
A cylindrical furnace with:

Three vertical graphite electrodes from the top
Scrap metal inside the furnace

Transformer connected to electrodes

Tilting mechanism for molten steel tapping

Working Explanation:

Scrap steel is charged into the furnace

High current flows through graphite electrodes
Electric arc forms between electrodes and scrap
Heat melts the metal into molten steel

Molten steel is tapped into ladles

Electrical Engineering Involvement
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From an electrical point of view:

Heavy-duty transformers supply low voltage, very high current
Power control systems regulate arc length

Energy efficiency is a key concern

High demand makes EAF a major industrial load on power systems

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

e Steel plants in India widely use EAFs for:
o Structural steel
o Reinforcement bars (TMT bars)
o Alloy and special steels
e EAF-based steel plants are commonly located near:
o Scrap collection centers
o Reliable power supply networks
e Many plants integrate:
o Energy-efficient transformers
o Oxy-fuel burners
o Automation and PLC-based control

&G Fun Fact:
More than one-third of the world’s steel is produced using Electric Arc Furnaces!

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

Key Takeaways

Electric Arc Furnace uses electric arc heating to melt steel
Preferred due to energy efficiency, flexibility, and lower pollution
Plays a major role in modern steel industries

Strongly linked to electrical power utilization and control

Common Student Doubts

e Why graphite electrodes? — They can withstand very high temperatures
e /s EAF suitable for large production? — Yes, with modern high-power designs
e |s electricity cost high? — Yes, but balanced by efficiency and recycling benefits

Mentorship Note (Career-Oriented Tip) #:

Understanding Electric Arc Furnaces builds a strong foundation for careers in steel plants,
power-intensive industries, energy auditing, and industrial electrical maintenance.
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If you plan to work in industrial electrical engineering, smart manufacturing, or energy
management, this topic will help you connect theory with real industrial practice—a skill
employers truly value.

“Master how electricity transforms raw material into steel, and you’ll understand
how engineers shape the modern world.”

2.2: Steel Industry Scenario in India: Production, Import
& Export (2024-25)

1. Hook / Introduction (= 5 minutes)

“Steel is the backbone of modern civilization — from the skyscrapers we see to the cars we
drive and the railways we travel on.”
But have you ever wondered how much steel India produces, what it exports or imports,
and why this matters to us as electrical engineers? Today, we’ll explore the steel industry
scenario in India for the latest period 2024-25 — a dynamic snapshot that connects
industrial demand, national manufacturing, and global trade.

Think of India as a steel mill that needs to both produce and trade to meet domestic needs.
Understanding this gives you insights into industrial electricity usage, energy planning,
and economic strategy — essential for future electrical engineers.

2. Core Concepts (= 40 minutes)
A. India — A Global Steel Leader

India is the second-largest producer of crude steel in the world. In FY 2024-25, the country
produced around 152 million tonnes (Mt) of crude steel, along with roughly 146 million
tonnes of finished steel. This reflected a continued growth trajectory, driven by strong
domestic demand in sectors like infrastructure, construction and automobiles (to ~152 Mt
consumption). (India Brand Equity Foundation)

& Diagram idea:
Draw a bar chart comparing Crude Steel Production, Finished Steel Production, and
Consumption for FY 2022-23 vs FY 2024-25.

B. Production vs Consumption
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https://www.ibef.org/industry/steel-presentation?utm_source=chatgpt.com

e Crude Steel Production (~152 Mt): Raw output from basic steel manufacturing. (India
Brand Equity Foundation)

e Finished Steel (~146 Mt): Steel processed into usable products like coils, bars and
sheets. (India Brand Equity Foundation)

e Consumption (~152 Mt): The domestic requirement of steel in India. (India Brand
Equity Foundation)

Look carefully: although production and consumption are both high, finished steel
production slightly lags behind consumption. This creates a trade gap that influences
imports.

C. Import and Export Reality

In FY 2024-25, India was generally a net importer of steel, meaning it imported more steel
than it exported over the year. Total imports rose to about 9.5 Mt, while exports were about
4.9 Mt. (India Brand Equity Foundation)

& Analogy:
Think of the steel market like your personal budget: if you spend more on products than you
make or save, you borrow (import) to meet needs. That’s what India did for steel in 2024-25.

The gap exists largely because domestic production of certain types of finished steel —
especially specialty and value-added products — does not fully meet industry demand.
Importing allows industries like automotive and fabrication to continue without shortages.
(industrialinfo.com)

& Diagram idea:
A pie chart showing India’s steel import sources — China, Japan, Korea, Vietnam — with
China often taking a large share due to price competitiveness. (industrialinfo.com)

D. Trade Pattern Trends

e Imports surged because finished steel demand exceeded local supply and some
foreign suppliers offered cheaper products. (industrialinfo.com)

e Exports were lower as global demand fluctuated and pricing pressures affected
competitiveness. (India Brand Equity Foundation)

e Recently (late 2025), some months showed net export trends — reflecting improved
production and export initiatives. (Reuters)

G Visual idea:
Draw a line graph showing quarterly export vs import trends for FY 2024-25 and early FY
2025-26.
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3. Real-World / Industry Applications (= 10 minutes)

Why This Matters for Engineers

e Production levels dictate the energy demand of heavy industries (like steel mills),
which are among the largest industrial consumers of electricity.

e Trade policies (import tariffs, export incentives) affect market stability — influencing
how plants plan capacity, operations, and power consumption.

e Infrastructure projects boost steel consumption, so engineers need to understand
supply chains and energy resources.

Case example:
If a large infrastructure project is announced, steel demand rises, increasing load demand on
the power grid near industrial clusters — electrical engineers must anticipate this.

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

Key Takeaways

e |India is a top-tier steel producer, but net import dynamics reflect gaps in finished
steel availability. (India Brand Equity Foundation)

e |Imports and exports fluctuate due to demand, pricing, and global markets.
(industrialinfo.com)

e Steel industry trends have direct implications on energy consumption, industry
planning, and engineering careers.

Typical Student Doubts

e Why import if India is a big producer?
— Because domestic production does not meet certain specialized finished product
demand. (industrialinfo.com)

e Does export always help the economy?
— Yes — but stability and value addition matter.

Mentorship Note (Career-Oriented Tip) #:

Understanding industry production and trade trends helps you see how electrical
systems integrate with real industry needs. Whether you pursue industrial automation,
power system design, or energy management, this awareness will sharpen your ability to
design solutions that match real-world demand and prepare you for roles in
manufacturing, consulting, and project planning.

(¥ “Engineers who know both technology and industry trends are the ones who lead
tomorrow’s innovations.”
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Below is the detailed lecture content for Topic—2.3: Methods of Steel Production
Process, structured for a 60-minute Diploma classroom session, with clear explanations,
relatable analogies, and strong linkage to electrical engineering applications.

2.3: Methods of Steel Production Process

1. Hook / Introduction (= 5 minutes)

“Steel looks simple, but making good-quality steel is one of the most complex industrial
processes in the world.”
From railway tracks to electric motor shafts, the quality of steel directly affects safety,
efficiency, and lifespan of engineering products. But steel is not produced by only one
method. Different steel production processes are used depending on raw material, energy
source, scale of production, and quality requirement.

As future electrical engineers, understanding these methods helps you see where and how
electrical energy is used in heavy industries, especially in modern electric furnaces.

2. Core Concepts (= 40 minutes)

Steel production methods can be broadly divided into traditional (coal-based) and modern
(electric-based) processes.

A. Blast Furnace — Basic Oxygen Furnace (BF—-BOF) Method
This is the traditional method used for large-scale steel production.
Process Steps (Explain with Flow Diagram):

Iron ore, coke, and limestone are fed into a blast furnace

Hot air blast burns coke, producing heat and carbon monoxide
Iron ore is reduced to molten pig iron

Pig iron is transferred to Basic Oxygen Furnace (BOF)
Oxygen is blown to reduce carbon content and impurities
Molten steel is produced

G Diagram to draw:
Flow chart: Iron Ore — Blast Furnace — Pig Iron — BOF — Steel

Key Features:
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Uses coal/coke as main fuel
High production capacity

High pollution and CO, emission
Less flexible operation

B. Electric Arc Furnace (EAF) Method
This is the most important method for us in this unit.
Process Steps:

Steel scrap or DRI is charged into the furnace
Graphite electrodes produce electric arc
Scrap melts due to high temperature

Refining removes impurities

Molten steel is tapped

G

Like melting ice using an electric heater instead of burning wood.

Key Features:

Uses electricity as main energy source
Suitable for recycling steel scrap

Better temperature and quality control
Lower pollution compared to BF-BOF

C. Induction Furnace Method
This method uses electromagnetic induction.
Working Principle:

e AC supply creates alternating magnetic field
e Eddy currents are induced in metal charge
e Heat is produced internally due to resistance

G Diagram to
Induction coil around crucible with molten metal inside.

Key Features:

No electrodes required

Clean and quiet operation

Suitable for small to medium steel plants
Limited refining capability

Analogy:

draw:
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D. Comparison of Steel Production Methods

Parameter BF-BOF EAF Induction Furnace
Energy Source Coal Electricity Electricity

Raw Material Iron ore Scrap / DRI  Scrap

Pollution Very High Medium Low

Flexibility Low High High

Electrical Role Low Very High Very High

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

e Large integrated steel plants use BF-BOF for mass production
e Mini steel plants prefer EAF or induction furnaces
e EAF and induction furnaces are common in:

o TMT bar production

o Alloy steel manufacturing

o Foundries

For electrical engineers:

e EAFs are heavy electrical loads
e Power quality, harmonics, and energy efficiency are major concerns
e Automation, PLCs, and power electronics are widely used

&G Fun Fact:
More than 50% of new steel plants in India are electric-based, showing the shift towards
cleaner technology.

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

Key Takeaways

e Steel can be produced by BF-BOF, EAF, and induction furnace methods
e Modern industry is shifting towards electric-based steel production
e Electrical energy plays a critical role in steel quality and efficiency
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Typical Student Doubts

e Which method is best? — Depends on scale, cost, and quality
e Why electric methods are preferred today? — Cleaner, flexible, and energy efficient
e s electrical engineering important in steel plants? — Absolutely yes

Mentorship Note (Career-Oriented Tip) #:

Understanding steel production methods gives you a big-picture view of industrial systems.
Whether you work in steel plants, power system maintenance, energy auditing, or
industrial automation, this knowledge helps you design reliable electrical solutions for
heavy industries.

“When you know how steel is made, you understand how electricity powers the
backbone of industry.”

2.4: Construction of Electric Arc Furnace (EAF)

1. Hook / Introduction (= 5 minutes)

“You already know that an Electric Arc Furnace can melt steel using electricity—but have you
ever imagined the kind of structure needed to safely handle temperatures higher than a
volcano?”

An Electric Arc Furnace is not just a container for melting metal; it is a highly engineered
system combining electrical, mechanical, thermal, and control components.

For an electrical engineer, understanding the construction of EAF is essential because it
shows where heavy electrical power is applied, controlled, and protected in real
industries.
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ELECTRIC STEELMAKING: ARC vs. INDUCTION FURNACES

Melts metal with a Heats metal from the inside
controlled lightning bolt. out, like a microwave.

An intense electric arc between An alternating magnetic field induces
graphite electrodes and scrap metal eddy currents within the metal,
generates heat up to 3000°C. generating heat without contact.

Electric Arc Induction
_ gunaca R B Clean, quiet, and precise operation.

4 Energy Source Electricity (Arc) Electricity (Induction) The absence of electrodes results in less pollution
 Rew Material Primarly Scrap / DRI Primarly Scrap and allows for exact temperature control.

Charging Meltdown Refining De-oxidation Tapping

S Pollution Level Medium Low Suited for specialized and

Ideal for large-scale steel recycling. {6} Operational Flexibility High High smaller-scale production.
Primarily uses scrap metal as raw material, promoting o < = Perfect for foundries and manufacturing high-quality
inability and flexible operati a1l Refining Capability Good Limited alloy steels with limited refining needs.

A NotebookLM

Source :NotebookLM

2. Core Concepts (= 40 minutes)

The construction of an Electric Arc Furnace can be understood by studying its main
components one by one.

A. Furnace Shell

The furnace shell is a large cylindrical steel structure that holds the entire furnace
assembly.

e Made of thick steel plates
e Lined internally with refractory bricks to withstand high temperatures
e Protects the outer body from extreme heat

&G Visual to draw:
A vertical cylindrical shell with inner refractory lining.

B. Refractory Lining
Refractory lining is the heart of furnace safety.

e Made of heat-resistant materials like magnesite or dolomite
e Prevents heat loss and protects shell
e Lining thickness varies at bottom and side walls
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& Analogy:
Like thermal insulation in an oven, but designed for 3000°C temperatures.

C. Graphite Electrodes
These are the most important electrical components.

e Usually three vertical graphite electrodes
e Connected to high-current, low-voltage supply
e Responsible for creating the electric arc

Why graphite?

e High electrical conductivity
e Can withstand extreme heat
e Slowly consumed during operation

G Visual to draw:
Three vertical rods entering from top, equally spaced.

D. Furnace Roof

e Made of refractory material
e Has openings for electrodes
e Can be swung open for charging scrap metal

G Fun Fact:
Modern EAF roofs are water-cooled to improve life and efficiency.

E. Furnace Transformer
The furnace transformer supplies power to the electrodes.

e Steps down high voltage to low voltage, very high current
e Located close to furnace to reduce losses
e Tapping arrangement for voltage control

G Electrical importance:
One EAF transformer may handle tens of MVA, making it one of the largest industrial
transformers.

F. Electrode Lifting Mechanism
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e Controls arc length by raising or lowering electrodes
e Can be hydraulic or motor-driven
e Maintains stable arc and protects electrodes

&G Visual idea:
Block diagram showing transformer — electrodes — arc — molten metal.

G. Tilting Mechanism

e Furnace can tilt forward for tapping molten steel
e Tilts backward for slag removal
e Operated hydraulically or electrically

3. Real-World / Industry Applications (= 10 minutes)
In real steel plants:

e Construction design depends on capacity (tons per heat)
e Heavy electrical systems require:

o Proper earthing

o Protection against short circuits

o Harmonic control

Electrical engineers are involved in:

e Transformer maintenance
e Electrode control systems
e Power quality improvement
e Automation and PLC-based furnace control
G Industry Insight:

A poorly designed furnace structure can cause energy loss, electrode breakage, or unsafe
operation.

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

Key Takeaways

e EAF construction includes shell, lining, electrodes, roof, transformer, and control
systems
Graphite electrodes and furnace transformer are electrically critical components
Good construction ensures safety, efficiency, and long furnace life
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Common Student Doubts

e Why three electrodes? — For balanced three-phase supply
e Why low voltage and high current? — For stable arc formation
e Why refractory lining is so important? — Safety and efficiency

Mentorship Note (Career-Oriented Tip) #:

Mastering the construction of Electric Arc Furnace gives you a strong foundation for
careers in steel plants, industrial electrical maintenance, power system design, and
automation engineering. When you understand the physical structure, you can better
troubleshoot electrical faults, improve efficiency, and ensure safe operation.

“Great engineers don’t just know how electricity flows—they know where and why
it flows.”

If you wish, | can next prepare:

e Working & operation of EAF (step-by-step lecture)
e Exam-oriented diagrams and short answers
e Industry-based viva questions

Below is the detailed lecture content for Topic—2.5: Operation of Electric Arc Furnace
(EAF), structured for a 60-minute Diploma Engineering classroom session, written in a
clear, engaging, and mentor-style tone.

2.5: Operation of Electric Arc Furnace (EAF)

(Charging, Complete Meltdown, Oxidation & Refining, De-oxidation, and Tapping)

1. Hook / Introduction (= 5 minutes)

“Imagine cooking a perfect dish—first you add ingredients, then heat them properly, remove
impurities, and finally serve it.”
The operation of an Electric Arc Furnace is very similar. Steelmaking is not just about
melting metal; it is about controlling each stage carefully to achieve the desired quality.

In this lecture, we will walk through the step-by-step operation of an EAF, from charging
scrap metal to tapping liquid steel. Understanding these stages helps electrical engineers
appreciate how power, control, and timing directly affect steel quality and energy
efficiency.
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2. Core Concepts (= 40 minutes)

The operation of an Electric Arc Furnace is carried out in five main stages.

A. Charging of Furnace
Charging is the first stage, where raw material is fed into the furnace.

e Scrap steel, Direct Reduced Iron (DRI), or pig iron is used
e Furnace roof is opened and scrap is charged using a bucket crane
e Large and heavy scrap is placed at the bottom, lighter scrap on top

&G Visual to draw:
A top view showing furnace shell, open roof, and scrap bucket.

Key Point:
Proper charging avoids electrode damage and improves melting efficiency.

B. Complete Meltdown Stage
After charging, the furnace roof is closed and electrodes are lowered.

High current flows through graphite electrodes
Electric arc is formed between electrodes and scrap
Temperature rises rapidly (up to 3000°C)

[ J
[ J
[ J
e Scrap metal melts completely into molten steel

G Analogy:

Like melting ice cubes faster using a powerful electric heater.

Electrical significance:
This stage consumes maximum electrical energy.

C. Oxidation and Refining Stage
Once the metal is melted, impurities must be removed.

e Oxygen is blown into molten metal
e Carbon, silicon, phosphorus, and sulfur oxidize
e Oxidized impurities form slag, which floats on molten steel
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&G Visual to

Cross-section of furnace showing molten steel at bottom and slag layer on top.

Purpose:
To improve chemical composition and mechanical strength of steel.

D. De-oxidation Stage
After oxidation, excess oxygen must be removed.

e De-oxidizers like aluminium, silicon, or manganese are added
e Oxygen reacts with these elements instead of steel
e Produces cleaner and tougher steel

&G Fun

draw:

Fact:

Aluminium is added in very small quantities, but it plays a big role in steel quality.

E. Tapping of Liquid Steel
This is the final stage of operation.

e Furnace is tilted forward using hydraulic mechanism
e Molten steel flows into a ladle
e Slag is retained or removed separately
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&G Visual to draw:
Side view showing tilted furnace and molten steel flowing into ladle.
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After tapping, the furnace is ready for the next heat (batch).

3. Real-World / Industry Applications (= 10 minutes)
In real steel plants:

e One complete EAF cycle is called a “heat”
e Time, power input, and electrode consumption are closely monitored
e Automation systems control:

o Electrode movement

o Oxygen injection

o Furnace tilting

Electrical engineers work on:
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e Power control and energy optimization
e Reducing power fluctuations and harmonics
e Improving productivity by reducing melting time

&; Industry Insight:
Even 1-2 minutes saved per heat can result in huge annual energy savings.

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

Key Takeaways

e EAF operation occurs in five systematic stages
e Electrical energy plays a major role in melting and refining
e Proper control improves steel quality and energy efficiency

Typical Student Doubts

e Why is oxygen used if we want pure steel? — To remove impurities
e Which stage uses maximum power? — Complete meltdown stage
e /s operation manual or automatic? — Mostly automated in modern plants

Mentorship Note (Career-Oriented Tip) #:

Understanding the operation of Electric Arc Furnace prepares you for careers in steel
plants, industrial power systems, automation, and energy management. Engineers who
know how each stage works can optimize power usage, reduce losses, and improve
productivity, making them highly valuable in core industries.

“When you understand the process, you gain the power to improve it—and that’s
what makes a true engineer.”

2.6: Important Terminology in Electric Furnace
Operation

(Capacity Utilization, Yield, Specific Energy Consumption, Energy Balance)

1. Hook / Introduction (= 5 minutes)
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“Two steel plants may use the same Electric Arc Furnace and the same amount of electricity—
but one makes profit and the other makes loss. Why?”
The answer lies not only in machines, but in how efficiently they are used.

In industry, engineers do not talk only about voltage, current, or power. They also use
performance terms like capacity utilization, yield, and specific energy consumption. These
terms help management and engineers decide how well a furnace is operating and where
improvements are needed.

Today’s lecture will help you understand these terms in a simple, practical, and exam-
oriented way.

2. Core Concepts (= 40 minutes)

A. Capacity Utilization

Definition:
Capacity utilization indicates how much of the furnace’s rated capacity is actually being
used.

[
\text{Capacity Utilization (%)} = \frac{\text{Actual Production}}{\text{Rated Capacity}} \times

100
]

Example:
If an EAF is rated for 100 tons/day but produces 80 tons/day:

Capacity Utilization = 80%

& Analogy:
Like using only 8 seats of a 10-seater bus—you’re not using full capacity.

Importance:
e Low utilization increases production cost

e High utilization improves profitability
e Indicates effectiveness of planning and maintenance

B. Yield

Definition:
Yield represents the percentage of usable steel obtained from raw material charged.
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[
\text{Yield (%)} = \frac{\text{Weight of liquid steel obtained}}{\text{Weight of raw material

charged}} \times 100
]

Example:
If 1000 kg scrap is charged and 920 kg steel is produced:

Yield = 92%
Reasons for Loss in Yield:

e Oxidation losses
e Slag formation
e Metal sticking to furnace lining

&G Fun Fact:
Even a 1% improvement in yield can save lakhs of rupees annually in large plants.

C. Specific Energy Consumption (SEC)
This is one of the most important terms for electrical engineers.
Definition:

Specific Energy Consumption is the amount of electrical energy required to produce one
tonne of steel.

[
\text{SEC} = \frac{\text{Total Energy Consumed (kWh)}}{\text{Steel Produced (tonnes)}}

]

Typical Value for EAF:
(7 Around 350-450 kWh per tonne

Lower SEC means:

e Better furnace operation
e Lower electricity cost
e Higher energy efficiency

G Analogy:
Like kilometers per litre (km/L) in vehicles—the lower the fuel used, the better.

D. Energy Balance

Energy balance explains where the input energy goes during furnace operation.
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Energy Input:

e Electrical energy (main input)
e Chemical energy (oxygen, burners)

Energy Output / Losses:
e Heat absorbed by molten steel
e Heat lost through furnace walls
e Heat carried away by exhaust gases
e Loss in cooling water
&; Diagram to draw:

A block diagram showing Energy In — Useful Heat — Losses
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Purpose of Energy Balance:

e |dentify energy losses
e Improve furnace design
e Reduce operating cost

3. Real-World / Industry Applications (= 10 minutes)
In real steel plants:

Engineers monitor SEC daily
Capacity utilization affects production planning
Yield affects raw material cost
Energy balance studies help:
o Reduce power bills
o Improve insulation
o Optimize furnace operation

Electrical engineers contribute by:

e Improving power quality
e Reducing losses
e Optimizing transformer and electrode control
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&; Industry Insight:
Energy cost can be 30-40% of total steel production cost.

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

Key Takeaways

Capacity utilization shows how effectively the furnace is used
Yield indicates material efficiency
SEC measures energy efficiency
Energy balance helps identify losses and improvement areas

Typical Student Doubts

e Is higher capacity utilization always good? — Yes, if quality is maintained
e Can SEC be zero? — No, energy is always required
e Who monitors these terms? — Electrical, mechanical, and production engineers

Mentorship Note (Career-Oriented Tip) #:

Mastering these terms prepares you for roles in energy auditing, industrial electrical
maintenance, steel plants, and production engineering. Companies value engineers who
can connect electrical energy with production efficiency and cost control.

“Engineers who understand numbers behind machines are the ones who drive
industries forward.”

2.7: Energy Efficient EAF Technologies

(Ultra High-Power Transformer, High Impedance Operation, Aluminium Electrode Arm,
Improved Regulation Control, Oxy-fuel Burners, Mist Cooling of Electrodes, Water-Cooled
Cables, Estimation of Energy Saving & Payback Period)

1. Hook / Introduction (= 5 minutes)

“If two furnaces produce the same amount of steel, but one consumes less electricity— which
one will survive in today’s competitive industry?”
In modern steel plants, energy cost is the biggest operating expense. Even a small
improvement in efficiency can save crores of rupees annually. That is why industries focus
heavily on energy-efficient Electric Arc Furnace technologies.
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As electrical engineers, your role is not just to supply power, but to use power wisely. Today’s
lecture explains how modern EAFs achieve high productivity with lower energy

consumption.

2. Core Concepts (= 40 minutes)

A. Ultra High-Power (UHP) Transformer

e Supplies very high current at low voltage
e Enables faster melting of scrap
e Reduces melting time and energy loss

&G Visual to

Block diagram showing grid — UHP transformer — electrodes.

Benefit:
Higher productivity and lower kWh per tonne of steel.

B. High Impedance Operation

e Furnace operates with higher electrical impedance
e Produces a longer and more stable arc
e Reduces short circuits and electrode breakage

G

Like driving smoothly instead of sudden braking—Iess energy loss.

Benefit:
Improves arc stability and reduces electrical losses.

C. Aluminium Electrode Arm

e Replaces traditional copper arms
e Aluminium is lighter and cost-effective
e |ower power losses due to improved design

Benefit:
Reduced energy loss and easier electrode movement.

D. Improved Regulation Control

draw:

Analogy:
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e Uses automatic electrode control systems
e Maintains constant arc length
e Prevents power fluctuations and harmonics

&G Visual to

Feedback control loop: Arc voltage — controller — electrode movement.

Benefit:
Stable operation, better power quality, lower energy wastage.

E. Oxy-Fuel Burners

e Inject oxygen and fuel directly into furnace
e Provides chemical energy support
e Reduces electrical energy requirement

G Fun

Chemical energy can reduce electrical energy consumption by 10-15%.

F. Mist Cooling of Electrodes

e Fine water mist cools electrodes
e Reduces electrode oxidation and consumption
e Extends electrode life

Benefit:
Lower replacement cost and reduced downtime.

G. Water-Cooled Cables

e Carry high current to electrodes
e Water cooling reduces resistive heating losses
e |mproves cable life and safety

&G Visual to

Flexible water-cooled cable connected between transformer and electrode arm.

draw:

Fact:

draw:
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H. Estimation of Energy Saving and Payback Period
Energy Saving Calculation:

[
\text{Energy Saving} = (Mtext{Old SEC} - \text{New SEC}) \times \text{Annual Production}

]

Payback Period:
[
\text{Payback Period} = \frac{\text{Investment Cost}}{\text{Annual Cost Saving}}
]
& Example:

If a new technology saves 350 lakh per vyear and costs %1 crore:
Payback Period = 2 years

Industry Rule:
Payback within 2-3 years is considered excellent.

3. Real-World / Industry Applications (= 10 minutes)
Modern steel plants use a combination of these technologies, not just one.
Electrical engineers are responsible for:

Transformer selection

Power quality improvement
Energy monitoring and audits
Automation and control systems
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&; Industry Insight:
Energy-efficient EAFs help industries meet sustainability and carbon reduction goals.

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

Key Takeaways

Energy efficiency reduces cost and improves competitiveness
UHP transformers and control systems play a major role
Chemical and electrical energy must be optimally balanced
Payback analysis helps justify investments

Typical Student Doubts

e Are these technologies expensive? — Yes initially, but profitable long-term
e Who decides implementation? — Engineers and management together
e |s energy efficiency exam-important? — Very important and application-oriented

Mentorship Note (Career-Oriented Tip) #:

Mastering energy-efficient EAF technologies prepares you for careers in energy auditing,
industrial automation, steel plants, and sustainable engineering. Industries today need
engineers who can reduce energy consumption without reducing output—a skill that sets
you apart.

“Saving energy is not an option anymore—it is the engineer’s responsibility.”

2.8: Construction and Working of Induction Furnace

1. Hook / Introduction (= 5 minutes)

“What if you could melt metal without touching it with flame, arc, or electrodes?”
That is exactly what an Induction Furnace does. It melts metal using electromagnetic fields,
not direct electrical contact. This makes induction furnaces one of the cleanest, safest, and
most efficient electric furnaces used in modern industries.

For electrical engineering students, the induction furnace is a perfect real-life application of
electromagnetic induction, a concept you already know from transformers and motors.
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2. Core Concepts (= 40 minutes)

Induction furnace operation is based on Faraday’s law of electromagnetic induction.

A. Basic Principle of Induction Furnace

AC supply flows through an induction coil
Alternating magnetic field is produced

This field induces eddy currents in the metal charge
Heat is generated due to I°R losses

Metal melts from inside

€

Like heating food in a microwave—energy is produced inside the material.

B. Construction of Induction Furnace

The main components are:

1. Induction Coil

e Made of hollow copper tubing
e Carries high-frequency AC current
e \Water-cooled to prevent overheating

&G Visual to
Circular copper coil around crucible.

2. Crucible (Furnace Lining)

e Holds the metal charge
e Made of refractory material
e Shapes the molten metal pool

3. Power Supply Unit

e Converts normal AC to high-frequency AC
e Includes rectifier and inverter
e Controls furnace power

Analogy:

draw:

106 |Page




&G Electrical note:
Higher frequency improves heating efficiency for smaller furnaces.

4. Cooling System

e Water cooling for:

o Call

o Power electronics
e Essential for safe operation

5. Furnace Frame and Tilting Mechanism

e Supports furnace structure
e Allows tilting for molten metal pouring

C. Working of Induction Furnace
Step-by-Step Operation:

Metal charge is placed in crucible

AC supply is switched ON

Magnetic field induces eddy currents
Metal heats and melts uniformly

Molten metal is poured by tilting furnace

abrwbd-~

G Visual to draw:
Cross-section showing coil, crucible, molten metal, and magnetic flux lines.

D. Advantages of Induction Furnace

No electrodes or arc

Clean and pollution-free

High efficiency and fast melting
Precise temperature control
Quiet operation

E. Limitations
e High initial cost

e Limited refining capability
e Not suitable for very large-scale production
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3. Real-World / Industry Applications (= 10 minutes)
Induction furnaces are widely used in:

Foundries

Alloy steel manufacturing
Casting industries

Tool and die industries

Electrical engineers work on:

Power electronics

Cooling system maintenance
Energy efficiency improvement
Automation and control

€ Fun

Fact:

Induction furnaces can achieve efficiencies above 90%, making them highly energy-efficient.

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

Key Takeaways

Induction furnace uses electromagnetic induction
Heating is contactless and uniform

Ideal for clean and precise metal melting

Strong application of electrical fundamentals

Typical Student Doubts

e Why high frequency AC? — For efficient eddy current heating
e |s induction furnace better than EAF? — Depends on application
e Can all metals be melted? — Yes, if electrically conductive

Student Al Toolkit

@) A.Low-Level Prompts
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(Remember & Understand — 10 Prompts)

1.

® N

10.

“Explain the basic purpose of electric furnaces in simple words, suitable for a
Diploma Engineering student.”

“Define Electric Arc Furnace and Induction Furnace. Explain the main difference
between them.”

“Explain the working principle of an Electric Arc Furnace using simple steps and
examples.”

“List and explain the main parts of an Electric Arc Furnace with their functions.”
“Explain the stages of steel making in an Electric Arc Furnace in simple
language.”

“Define the terms: capacity utilization, yield, and specific energy consumption
with one example each.”

“What is energy balance in industrial processes? Explain its importance.”
“Explain why electricity is preferred over fuel in modern steel production.”
“Write a short note on the importance of energy efficiency in industrial
furnaces.”

“Summarize Unit-2 in points for quick revision before exams.”

?) B. Moderate-Level Prompts

(Apply & Analyze — 10 Prompts)

11.

12.

13.
14.

15.

16.

17.

18.

19.
20.

“Compare different steel production methods based on energy source,
efficiency, and pollution.”

“Explain how improper furnace operation can increase energy consumption and
reduce efficiency.”

“Analyze why electric furnaces are more suitable for recycling metal scrap.”
“Explain the relationship between production capacity and energy consumption
in an industrial furnace.”

“Given production and energy data, explain how specific energy consumption
can be reduced.”

“Compare electric arc furnace and induction furnace for small-scale and large-
scale industries.”

“Explain how modern control systems improve furnace performance and energy
efficiency.”

“Analyze the causes of energy loss in electric furnaces and suggest basic
preventive measures.”

“Explain how yield affects production cost and profitability in steel industries.”
“Answer an exam-type question: ‘Why energy-efficient furnace technology is
essential for sustainable industry?’”
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 C. High-Level Prompts

(Design & Create — 5 Prompts)

21. “Design a simple workflow showing the complete operation cycle of an electric

furnace from raw material charging to final output.”

22. “Create a step-by-step strategy to improve energy efficiency in an industrial

heating process.”

23. “Develop a comparison table that can help management choose between two

industrial production methods based on efficiency and cost.”

24. “Design an energy performance evaluation plan for an industrial process using

suitable technical parameters.”

25. “Create an exam-ready answer explaining how electrical engineering knowledge

contributes to modern industrial manufacturing systems.”

@ How Students Should Use This Toolkit

Use Low-Level prompts for daily study & concept clarity

Use Moderate-Level prompts for numerical problems, comparisons & exam
preparation

Use High-Level prompts for distinction answers, viva, projects, and interviews

‘T Mentor’s Learning Tip

©

“Al is your learning partner, not a shortcut. The better your question, the better
your understanding.”
Students who practice asking good technical questions develop stronger
engineering thinking and confidence.

MASTERy CHECK -

1. Key Definitions / Glossary (15 Terms)

(One-line, Diploma-level, exam-oriented definitions)
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1. Electric Furnace — A furnace that uses electrical energy to produce heat for melting
or processing metals.

2. Electric Arc Furnace (EAF) — A furnace in which heat is generated by an electric arc
between electrodes and metal charge.

3. Induction Furnace — A furnace that melts metal using electromagnetic induction
without direct electrical contact.

4. Graphite Electrode — A carbon-based conductor used in EAF to create high-
temperature electric arcs.

5. Refractory Lining — Heat-resistant material used to protect furnace walls from high
temperatures.

6. Charging — The process of feeding raw material into the furnace.

7. Meltdown Stage — The stage in which solid metal charge is completely melted into
liquid form.

8. Oxidation — A refining process where impurities react with oxygen and are removed
as slag.

9. De-oxidation — The process of removing excess oxygen from molten steel using
suitable additives.

10. Tapping — The process of pouring molten metal from the furnace into a ladle.

11. Capacity Utilization — The ratio of actual production to rated production capacity of a
furnace.

12. Yield — The percentage of usable metal obtained from the raw material charged.

13. Specific Energy Consumption (SEC) — Electrical energy required to produce one
tonne of metal.

14. Energy Balance — Accounting of energy input, useful output, and losses in a furnace.

15. Energy Efficiency — The ability of a system to produce maximum output with minimum
energy input.

2. FAQ & Assessment Section

A. Multiple Choice Questions (MCQs)

(20 Questions — Conceptual & Application-oriented)

1. The main source of heat in an Electric  Arc Furnace is:
A. Fuel combustion
B. Electric arc
C. Induction heating
D. Chemical reaction

2, Which material is commonly used for electrodes in EAF?
A. Copper
B. Aluminium
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C. Graphite
D. Iron

3. The purpose of refractory lining in a furnace is to:
A. Improve conductivity
B. Reduce noise
C. Withstand high temperature
D. Increase power factor

4. In steelmaking, oxidation is mainly used to remove:
A. Heat
B. Impurities
C. Electricity
D. Slag

5. Which furnace works on electromagnetic induction principle?
A. Arc furnace
B. Blast furnace
C. Induction furnace
D. Cupola furnace

6. Specific Energy Consumption is expressed in:
A. kW
B. kWh/tonne
C. Joule
D. Volt

7. High capacity utilization indicates:
A. Poor planning
B. Inefficient operation
C. Effective use of equipment
D. High losses

8. The stage consuming maximum electrical energy in EAF is:
A. Charging
B. Meltdown
C. Tapping
D. De-oxidation

9. Slag in steelmaking is mainly formed during:
A. Charging
B. Oxidation
C. Tapping
D. Cooling

10. Which of the following is NOT an advantage of induction furnace?
A. Clean operation
B. High efficiency
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C. Large-scale
D. No electrodes
1. The main objective of energy balance
A. Increase
B. Reduce
C. Identify energy
D. Increase current
12. Yield mainly depends
A. Furnace
B. Raw material
C. Colour of
D. Voltage level
13. De-oxidation improves steel
A. Increasing
B. Removing
C. Increasing
D. Reducing temperature
14. A low value of SEC
A. High energy
B. Poor
C. Good energy
D. High cost
15. Tilting mechanism in furnace is
A.
B.
C.
D. Cooling
16. Which is an energy-efficient support system
A. Oxy-fuel
B. Mechanical
C. Diesel
D. Air fan
17. Induction furnace does NOT
A. Magnetic
B. AC
C.
D. Metal charge
18. Water-cooled cables are
: Increase
B. Reduce resistance

used

production

is to:
voltage
cost
losses

on:
size
quality
metal

by:
oxygen
oxygen
slag

indicates:

wastage
efficiency
efficiency

for:
Charging
Heating
Tapping

EAF?
burner
blower

pump

require:
field
supply

Electrodes

to:
voltage
losses
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C.
D. Increase weight

19. Payback
A.

B. Time

C.

D. Furnace life

20. Energy
A.

B.

C. Lowering
D. Increasing fuel use

efficiency

Answer Key (MCQs)

1-B, 2-C,
6-B, 7-C,
11-C, 12-B,
16-A, 17-C, 18-B, 19-B, 20-C

Improve
period refers
Total
to recover
Power
in furnaces mainly
Increasing
Reducing
operating
3-C, 4-B,
8'B, 9-Bl
13-B 14-C

colour

to:

cost
investment
consumption

helps in:
pollution
productivity
cost

15-C,

B. Short Answer / Viva Questions (10 Questions)

Explain the working principle of an Electric Arc Furnace.

Why are graphite electrodes preferred in EAF?

What is the importance of refractory lining in electric furnaces?
Define capacity utilization and explain its significance.

What is meant by specific energy consumption?

State two advantages and two limitations of induction furnace.

Explain the concept of energy balance in industrial furnaces.

Why energy efficiency is important in electric furnace operation?
0. Compare Electric Arc Furnace and Induction Furnace in brief.

1
2
3
4
5
6. Why oxidation and de-oxidation are necessary in steel production?
7
8
9.
1

L) Digital Resource Library
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1. Al Tools & Digital Learning Tools

(Free or easily accessible tools that enhance understanding of electric furnace concepts)

1. Al Learning Assistants (e.g., Chat-based Al tools)
Purpose / Use-case:

e Concept explanation, doubt clearing, exam revision
How it helps in this unit:

e Explains EAF operation stages in simple language
e Generates summaries of steel production methods
e Helps practice definitions, comparisons, and viva questions

2. Virtual Electrical Lab Platforms
Purpose / Use-case:

e Simulated experiments and industrial process understanding
How it helps in this unit:

e Visualizes high-power electrical systems conceptually
e Helps relate theoretical furnace operation with practical energy flow
e Useful for understanding energy balance and efficiency concepts

3. Industrial Process Animation & Visualization Tools
Purpose / Use-case:

e Animated visualization of industrial systems
How it helps in this unit:

e Shows step-by-step EAF operation (charging — melting — tapping)
e Helps slow learners understand complex processes visually
e Improves memory retention for exam answers

4. Engineering Calculation & Formula Practice Tools
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Purpose / Use-case:
e Practice numerical problems and formula application
How it helps in this unit:

e Helps calculate specific energy consumption
e Assists in understanding yield and capacity utilization
e Useful for quick self-check of numerical answers

5. Digital Note-Making & Concept Mapping Tools
Purpose / Use-case:

e Organizing concepts visually
How it helps in this unit:

e Creates flowcharts for steel production methods
e Builds comparison tables (EAF vs Induction Furnace)
e Supports quick revision before exams

2. Video Learning Repository

(Reliable, Diploma-level, concept-clear resources)

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

Introduction to Electic NPTEL —  Metallurgy / “NPTEL electric furnace

Furnaces Manufacturing Processes basics”

Electric Arc Furnace — NPTEL/IIT Lectures “Electric Arc Furnace

Construction & Operation working NPTEL”

Steel Production Methods NPTEL - Manufacturing / “steel making  process
Metallurgy NPTEL”

Induction Furnace — Principle Engineering Explained “induction furnace working

& Working Channels principle animation”
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Energy Efficiency in Industrial
Furnaces

Industrial Energy
Consumption &  Energy
Balance

Specific Energy Consumption
& Yield

Comparison of EAF and
Induction Furnace

Steel Industry  Overview
(India)
Furnace Automation &

Control Basics

NPTEL — Energy Management

SWAYAM / NPTEL

Electrical Engineering Diploma
Channels

Polytechnic / Diploma Faculty
Channels

Government / Academic

Channels

NPTEL — Industrial Automation

“‘energy efficiency electric
furnace NPTEL”

“industrial energy balance
NPTEL”
“specific energy

consumption steel industry”

“EAF vs induction furnace
diploma”

“Indian steel
overview lecture”

industry

“industrial furnace control

basics”

Below is an exam-oriented “Predicted Question Bank” for Unit-2: Applications of
Electric Furnace, prepared from the perspective of a Diploma Engineering educator and
examination analyst, following standard Diploma / State Board / University examination
trends (GTU-like pattern: short answers + descriptive + application).

This content is fully exam-ready, suitable for revision notes, faculty handouts, and Al-

assisted exam preparation.

PREDICTED QUESTION BANK
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(High-Probability & Application-Based Questions)

1. Most Repeated / High-Probability Questions

These questions are frequently asked or logically expected based on:

e Syllabus weightage
e Unit importance
e Typical Diploma examination patterns

They are grouped by marks nature, not marks value (as marks vary by board).

A. Very Short Answer / Definition Type

Define Electric Arc Furnace (EAF).

What is meant by induction furnace?

Define specific energy consumption.

What is capacity utilization in electric furnaces?
Define yield in steel production.

What is energy balance?

State any two advantages of electric furnaces.

Noabkowd~

(3 Exam Tip: These are often asked as 2-mark / fill-in / objective questions.

B. Short Answer / Explanatory Questions

8. Explain the applications of Electric Arc Furnace in steel industries.

9. Describe the steel industry scenario in India with reference to production and
demand.

10. Explain different methods of steel production in brief.

11. Write a short note on construction of Electric Arc Furnace.

12. Explain the working principle of induction furnace.

13. Explain oxidation and de-oxidation stages in EAF operation.

14. Why is refractory lining important in electric furnaces?

15. Explain the term specific energy consumption and its significance.

(3 Exam Tip: These are common 3-4 mark questions.

C. Descriptive / Long Answer Questions (High Probability)
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. Explain the construction of Electric Arc Furnace with neat labeled diagram.
. Describe the complete operation of Electric Arc Furnace, including:

Charging

Meltdown

Oxidation and refining
De-oxidation

Tapping

. Explain energy-efficient technologies used in Electric Arc Furnace.
. Explain construction and working of induction furnace with diagram.
. Explain the terms capacity utilization, yield, and specific energy consumption

with examples.

(3 Exam Tip: These are core 7-8 mark questions and appear very frequently.

D. Diagram-Based / Concept-Focused Questions

21.
22.
23.

Draw and explain Electric Arc Furnace layout.
Draw a block diagram showing energy balance in electric furnace.
Draw a sketch of induction furnace and label main parts.

(7 Exam Tip: Even if not asked directly, diagrams fetch extra marks.

2. Application & Logical Thinking Questions (5
Questions)

These questions are high-scoring, used to differentiate average answers from distinction
answers.

Application-Based Questions

1.

A steel plant has low capacity utilization.
Explain possible reasons and suggest improvement measures.
Specific energy consumption of a furnace is higher than standard value.
Analyze the possible causes and suggest solutions.
Compare Electric Arc Furnace and Induction Furnace for:

o Energy efficiency

o Scale of production

o Suitability for modern industries
Explain how energy-efficient furnace technologies reduce operating cost in steel
industries.
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5. Why are electric furnaces preferred over conventional fuel-based furnaces in
modern steel plants?
Justify your answer with technical reasons.

@ Examiner’s Insight: How to Score High in Unit-2

Always start answers with definitions

Use simple flow diagrams or block diagrams

Write answers in clear stages or points

Use correct technical terms (SEC, yield, energy balance)
In application questions, link energy — cost — efficiency
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Below is a comprehensive, syllabus-aligned Study Plan for Unit-3: Electrostatics &
Electroplating Applications, prepared strictly as per the GTU Diploma Engineering
syllabus (Subject: Utilization of Electrical Power, Code: DI04000181) and tailored for
Diploma-level Electrical Engineering students.

The plan is structured to support faculty teaching, student self-learning, and Al-assisted
content development, while aligning with Outcome-Based Education (OBE) and NEP-
2020 principles.

UNIT-3 STUDY PLAN

Unit Title: Electrostatics & Electroplating Applications

Total

Weightage in Examination:

Teaching Hours:

Nature of Unit: Application-oriented, Industry-relevant

Overall Learning Intent (OBE-Aligned)

After completing this unit, students will be able to:

Understand the principles of electrostatics and electroplating
Explain industrial applications of electrostatic painting and electroplating
Relate theoretical concepts to real-world manufacturing and surface engineering

processes

Topic-wise Detailed Study Plan

Sr.
No.

Topic (As per Topic Type Learning

Syllabus) Focus
(RBT
Level)

Charged Core Remember,

particles: Understand

Positive,

Negative &

Neutral particles

Suggeste
d Lecture
Hours

0.5 hr

Exam
Importanc
e

Medium

Hours
~18%

Practical
Industry
Relevance

Foundation
for
electrostatics
concepts
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Application of
electrostatics in
electrostatic

paint

What is
electrostatic
paint?

Working of
electrostatic
paint

Electrostatic

charging
methods: .
Corona charging
. Contact
charging .
Induction
charging .
Frictional
charging
Faraday cage
effect
Wraparound
effect

High voltage

power supply for
electrostatic
painting

Electrostatic
accessories

Application-
Oriented

Core

Core

Core +
Application

Supporting

Supporting

Supporting

Supporting

Understand
, Apply

Understand

Understand
» Apply

Understand
» Apply

Understand

Understand

Understand

Remember,
Understand

0.5 hr

0.5 hr

1 hr

1.5 hrs

0.5 hr

0.5 hr

0.5 hr

0.5 hr

High

Medium

High

Very High

Medium

Medium

Low—
Medium

Low

Used in
automobile,
appliance &
furniture
industries

Introduces
modern
coating
technology

Directly
asked in
exams with
diagrams

Frequently
asked theory
+  industrial
relevance

Explains
coating
limitations

Important for

quality
coating
Safety and
system
awareness

Awareness of
practical
setup
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10 Importance  of Core Understand 0.5 hr High
resistivity of , Apply
coating material

11 Industrial Application- Understand 0.5 hr High
applications  of Oriented
electroplating

12  Principle of Core Remember, 0.5 hr Very High
electroplating Understand

13 Materials used in Supporting Remember, 0.5 hr Medium
electroplating Understand

Total = 8 Hours

Topic Classification Summary

© Core Topics (Must-Master)

Charged particles

Working of electrostatic paint

Electrostatic charging methods
Importance of resistivity of coating material
Principle of electroplating

© Supporting Topics (Concept Reinforcement)

Faraday cage effect
Wraparound effect

High voltage power supply
Electrostatic accessories
Materials used in electroplating

¢ Application-Oriented Topics

e Applications of electrostatics in painting
e Industrial applications of electroplating

Key
conceptual
question in
exams

Connects
syllabus  to
real

industries

Fundamental

exam topic

Short-note
oriented
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Pedagogical & NEP-2020 Alignment

e Experiential Learning: Use videos, industrial images, and live demonstrations where
possible

e Industry Connect: Relate topics to automobile painting, corrosion protection, and
manufacturing
Skill Orientation: Emphasis on understanding processes rather than memorization
Competency Focus: Enables students to explain why and how industrial processes
work

Exam Preparation Guidance for Students

Focus on working principles with neat diagrams

Prepare short notes on charging methods and Faraday cage effect

Expect application-based questions from electrostatic painting and electroplating
principles

@ Mentor’s Note to Students

“These topics are not just for passing exams—they explain how modern industries
achieve high-quality finishes and long-lasting components. If you understand this
unit well, you’ll see electrostatics and electroplating everywhere—from bikes and
cars to taps and tools.”

3.1: Application of Electrostatics in Electrostatic Paint

1. Hook / Introduction (= 5 minutes)

Good morning students!

Let me start with a simple question:
Why does dust stick to a TV screen or a plastic comb after combing dry hair?
You might have seen paint sticking uniformly to metal objects in cars, bikes, or refrigerators.
This is not magic—it is electrostatics at work.

In conventional painting, a lot of paint is wasted. But industries want uniform coating,
minimum wastage, better finish, and environmental safety. This need led to the
application of electrostatics in electrostatic painting—a technology widely used in
automobile, appliance, and furniture industries.
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Today, we will understand how electrostatic force is used practically to apply paint
efficiently.

HOW ELECTRICITY COATS THE WORLD:
A Guide to Industrial Finishing

ELECTROSTATIC PAINTING ELECTROPLATING

ANODE
(Metal Source)

Paint That Jumps (+] Fusing Metal Layers
to the Surface The “Wraparound Effect” | with Electricity
Uses the principle “epposites attract” Grounded Paint wraps around edges and hidden © A process that deposits a thin,
to poll charged paint particles onto Object areas, ensuring total coverage and (-] protective metal layer onto an
a grounded object. minimal waste. object using an electric current. J l L
e ) g ( 1
Used Across — ‘& é The Electroplating o2 =
Major Industries () Trio @ i
Essential for finishing cars, /4 w
home appliances (refrigerators, R (Tnl::tgzusc:usrscgq(‘:‘:t;so:: (?I;;::t) {5 ™
washere), and metal furniture. \ @ andan Elenroiyte (ion so!mion)‘
\n\ . ANODE CATHODE ELECTROLYTE
\ (Source) (Object) (ton Solution)
EFFICIENCY: Electr ic vs. C e
R Conventional Painting Electrostatic Painting Q Enhances and
Y : Very Low J —_—
f vs. i el /)8 Protects 3 7
‘ Paint Wastage i‘ Paint Westage o [#) Everyday Products @
- . ) Used for chrome on car parts, &
Often uneven % Coating Quality Highly uniform gold on electronic connectors, g@
and sinc to prevent rust on bolts. >

High overspray ‘ Envi|wnmen(al

=25 Mini i
pollution %= mpact == Minimal pollution

Source:NotebookLM

2. Core Concepts (= 40 minutes)

What is Electrostatic Painting?

Electrostatic painting is a method where electrical charges are used to attract paint
particles toward a surface, ensuring better coverage and reduced paint loss.

Basic Principle
The principle is based on:
“Opposite charges attract each other.”

e Paint particles are given a positive charge
e The object to be painted is either negatively charged or grounded
e Due to electrostatic attraction, paint particles move towards the object and stick firmly

Step-by-Step Working (Explain Slowly on Board)

1. Paint Atomization
o Liquid paint is converted into fine droplets using a spray gun.
o Smaller droplets give better surface finish.

2. Charging of Paint Particles
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o High voltage (20-100 kV) is applied at the spray gun.
o Paint droplets become positively charged.
3. Grounding of Workpiece
o The metal object (car body, panel, pipe) is connected to earth.
o Grounding provides safety and improves attraction.
4. Electrostatic Attraction
o Charged paint particles are attracted towards the grounded object.
o Paint wraps around the surface evenly.
5. Uniform Coating
o Even hidden corners receive paint due to electrostatic force.
o This reduces rework and wastage.

Why Electrostatic Painting is Better than Normal Painting

Conventional Painting Electrostatic Painting

High paint wastage Very low paint loss
Uneven coating Uniform coating
Overspray pollution Environment-friendly
Higher cost Cost-effective

Visuals to Draw / Show

e Simple block diagram showing:
Paint Tank — Spray Gun — High Voltage Supply — Charged Paint — Grounded
Object

Force lines diagram showing attraction of charged particles
Side view of spray gun and object

(Students should be encouraged to draw neat diagrams in exams.)

3. Real-World / Industry Applications (= 10 minutes)
Electrostatic painting is widely used in:

e @ Automobile industry — car bodies, bike frames

e 4 Home appliances - refrigerators, washing machines

e & Furniture industry — metal chairs, cupboards

° Industrial equipment — transformers, panels, enclosures
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Fun Fact:
Electrostatic painting can save up to 40% of paint material compared to conventional
methods!

Industries prefer this method because it ensures:

e Better corrosion resistance
e Longer product life
e Clean and safe working environment

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

Key Takeaways

Electrostatic painting uses electrical force for paint application
Opposite charges cause paint particles to stick to objects

It provides uniform finish, low wastage, and high efficiency
Widely used in modern manufacturing industries

Typical Student Doubts

e Why only metal objects? — Easy grounding
e /s it safe? — Yes, when proper insulation and grounding are used
e Why high voltage but low current? — Safety and effective charging

3.2: Charged Particles — Positive, Negative & Neutral

1. Hook / Introduction (= 5 minutes)

Good morning students!

Have you ever noticed that when you rub a plastic ruler on dry hair, it can attract tiny paper
bits? Or why dust sticks more to plastic surfaces than to metal ones? These everyday
observations are connected to charged particles.

Before we understand electrostatic painting or electroplating, we must clearly understand
what charge is and how particles behave. Think of charge as the invisible force behind
attraction and repulsion—the same force that makes modern industries work efficiently.

Today’s topic is simple but very powerful, because it forms the foundation of electrostatics.
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2. Core Concepts (= 40 minutes)

What is Electric Charge?

Electric charge is a basic property of matter due to which it experiences an electrical force.
Charge is measured in coulombs (C).

There are three types of particles based on charge:

1. Positively charged particles
2. Negatively charged particles
3. Neutral particles

Atomic Structure — The Root of Charge
Every atom consists of:

e Protons — Positive charge
e Electrons — Negative charge
e Neutrons — No charge

Important fact:
Charge is produced not by creating charges, but by transfer of electrons.

(Visual to draw: Simple atom diagram showing nucleus with protons & neutrons, electrons
revolving around it.)

Positive Charge

A body becomes positively charged when it:
e Loses electrons

Example:

e When glass rod is rubbed with silk, electrons move from glass to silk.
e Glass becomes positively charged.

Key Point:
Positive charge means deficiency of electrons, not addition of protons.
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Negative Charge

A body becomes negatively charged when it:
e Gains extra electrons

Example:

e When plastic or ebonite rod is rubbed with fur, it gains electrons.
e Plastic rod becomes negatively charged.

(Fun Fact: Electrons are much lighter than protons, so they move easily!)

Neutral Particles
A body is neutral when:
e Number of protons = Number of electrons
Neutral does not mean “no charge inside”; it means charges are balanced.
Example:

e A normal metal object lying on the table is neutral.

Interaction Between Charged Particles

Combination Result
Positive + Positive Repel
Negative + Negative Repel
Positive + Negative  Attract

Charged + Neutral Attraction possible (by induction)

(Visual to draw: Force arrows showing attraction and repulsion between charges.)

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

e Paint particles are positively charged
e Object is neutral or grounded
e Attraction occurs due to charge difference

Electroplating

e Metal ions (charged particles) move in electrolyte
e Positive metal ions deposit on negatively charged object

Industrial Examples

e Dust control in cement plants
e Photocopiers & laser printers
e Pollution control using electrostatic precipitators

Daily-Life Example:
Dust sticking to TV screens or mobile covers is due to static charges.

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

Key Takeaways

Charge is due to transfer of electrons
Positive — loss of electrons

Negative — gain of electrons

Neutral — equal protons and electrons
Like charges repel; unlike charges attract

Common Student Doubts

e Can protons move? — No, they are fixed in the nucleus
e Can neutral objects attract charged ones? — Yes, due to induction
e /s static charge permanent? — No, it usually leaks away over time

Absolutely! Here’s a detailed, student-friendly lecture content for Topic-3.3: What is
Electrostatic Paint? Working of Electrostatic Paint, structured for a 60-minute classroom
session:
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3.3: What is Electrostatic Paint? Working of Electrostatic
Paint

Duration: 60 minutes

1. Hook / Introduction (= 5 minutes)

Opening Question:
“‘Have you ever wondered why cars, bicycles, or even metal chairs have such smooth, uniform,
and durable paint coatings without any drips or gaps? How is it possible to coat curved or
intricate surfaces evenly?”

Motivation:
Explain that the answer lies in the fascinating use of electrostatics in painting, a real-life
application of the very concept of electric charges we studied earlier.

Fun Fact:
Electrostatic painting was first developed in the 1940s and revolutionized the automotive and
appliance industries. Today, it's used in everything from cars to home appliances, ensuring
efficiency, less wastage, and environmentally friendly coating processes.

Bridge to Core Concept:
Remind students: “Previously, we studied how like charges repel and opposite charges attract.
Electrostatic paint uses this fundamental principle of charge attraction to achieve perfect
coatings.”

2. Core Concepts (= 40 minutes)

A. What is Electrostatic Paint? (10 minutes)

e Definition:
Electrostatic painting is a method of coating a surface with paint using electrostatic
forces. In simple terms, the paint particles are electrically charged, and the object to
be painted is grounded (opposite charge). This charge difference ensures the paint
particles are attracted and adhere evenly.

e Key Idea: Charge manipulation — precise, uniform coating.

Analogy:
Think of it like magnetism: just as a magnet attracts iron filings, charged paint particles “jump”
toward the oppositely charged metal surface.
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Visual Aid Suggestion:
Draw a metal object (grounded) with positively charged paint particles being pulled
toward it. Show arrows indicating the attraction.

B. Working Principle of Electrostatic Painting (20 minutes)
Step 1: Charging the Paint Particles

Paint is atomized into fine droplets.
Each droplet is given a high-voltage charge using an electrostatic spray gun or
corona discharge.

e Positive charges on droplets repel each other — they spread evenly — prevent
clumping.

Step 2: Preparing the Object

e The object to be painted is grounded, meaning it has a neutral or opposite charge.
e This creates a strong attraction for the charged paint particles.

Step 3: Deposition

e Charged paint particles move toward the grounded object.
e Because of electrostatic attraction, the paint wraps around even edges and recesses
(this is called the wrap-around effect).

Step 4: Curing

e After coating, the paint is baked or air-dried.
e Paint molecules bond firmly to the surface, forming a durable and uniform layer.

Visual Aid Suggestion:

e A block diagram of the process:

1. Spray gun — 2. Charged droplets — 3. Grounded object — 4. Even coating — 5.
Curing

e Include arrows to show movement and attraction.

C. Advantages of Electrostatic Painting (10 minutes)

Uniform coating — even on complex surfaces.
Less wastage — 90-95% paint efficiency.

Faster application — reduces time and labor.
Environmental benefits — fewer solvents released.

PN~
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Tip for students: Emphasize that this is a perfect example of applying theoretical
electrostatics to industrial processes.

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

Automobile Industry: Car bodies and parts receive smooth, durable finishes.
Home Appliances: Refrigerators, washing machines, and metal furniture are coated
evenly.

e Metal Fabrication: Pipes, machinery, and handrails use electrostatic coatings.

Anecdote:
“When Tesla paints a car body, each panel receives a nearly perfect coating without a single
drop falling off — thanks to electrostatic painting!”

Visual Aid Suggestion:
Include photos or sketches of a spray booth and a coated car body.

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

Key Takeaways:

1. Electrostatic painting uses charge attraction to achieve uniform coatings.
2. Paintis charged, object is grounded — particles adhere perfectly.
3. Reduces wastage, improves efficiency, and is environmentally friendly.

Common Questions Students Ask:

e Can electrostatic paint be used on non-metal objects? (Yes, with conductive primers
or coatings)
e Why are charged droplets important? (They prevent clumping and improve adhesion)

Mentorship / Career Tip:

“Mastering electrostatic painting gives you a strong understanding of applied electrostatics,
which is useful in industries like automotive, electronics, and coatings. Knowledge of this
process can help you design better manufacturing systems, work in quality control, or even
innovate in future sustainable painting technologies.”

This content is ready for classroom delivery, can be converted into self-study notes, and
is suitable for Al-powered learning platforms.
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3.4: Electrostatic Charging Methods — Corona, Contact,
Induction, and Frictional Charging

Duration: 60 minutes

1. Hook / Introduction (= 5 minutes)

Opening Question:
“Have you ever noticed how a balloon sticks to a wall after rubbing it on your hair, or why dust
sometimes jumps to a metal object when you touch it? What do these simple tricks have in
common with high-tech industrial painting or powder coating?”

Motivation:

Tell students that these are all examples of electrostatic charging, and understanding the
different ways materials can be charged is the key to technologies like electrostatic painting,
photocopiers, and pollution control devices.

Fun Fact:
The word “electrostatic” comes from the Greek word “élektron” (amber), because ancient
Greeks noticed that rubbing amber could attract light objects.

Bridge to Core Concept:
Remind students: “Previously we studied how electrostatic paint uses charge. Today, we’ll
explore how we can actually generate these charges using different methods.”

2. Core Concepts (= 40 minutes)

A. Overview of Electrostatic Charging (5 minutes)

e Electrostatic charging: The process of transferring or generating electric charge
on a material.

e Four main methods: Corona charging, Contact charging, Induction charging, and
Frictional charging.

Visual Aid Suggestion:
Draw a simple table showing charging methods vs mechanism vs example.
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B. Corona Charging (10 minutes)

Definition:
Charging a conductor or object by creating a high-voltage corona discharge in the air
around a sharp electrode.

Working:

1. A high-voltage electrode is placed near the object.
2. The strong electric field ionizes the surrounding air (produces ions).
3. These ions attach to the surface of the object, charging it without direct contact.

Analogy:
It's like a lightning storm in miniature, where ions “jump” from the electrode to the object.

Example:
Used in electrostatic powder coating for automotive parts.

Visual Aid Suggestion:
Draw a needle electrode, ionized air, and a grounded object with arrows showing
positive/negative ion movement.

C. Contact Charging (10 minutes)

Definition:
Charging by direct contact between two materials with different tendencies to gain or lose
electrons.

Working:

1. Two objects touch each other.

2. Electrons transfer from one material to the other.

3. When separated, one object becomes positively charged, the other negatively
charged.

Example:
Charging metal plates before electroplating.

Analogy:
Think of it as “sharing electrons by handshake”.

Visual Aid Suggestion:
Draw two spheres touching, show electron movement, then show them separated with
opposite charges.
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Charging by Induction

Two metal spheres The preseweof a + charpe  Sphere Bis sepavated from
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sphere system 15 polarized. opposite charges, srface of the spheres.

Source:Goolge image

D. Induction Charging (5 minutes)

Definition:
Charging an object without direct contact by bringing a charged body nearby.

Working:

1. A charged object is brought near a neutral conductor.
2. Charges within the conductor rearrange: opposite charges move closer, like charges

move away.
3. If grounded while the charged object is nearby, the object becomes permanently
charged.
Example:

Used in electrostatic precipitators for dust collection.

Analogy:
It's like moving furniture in a room without touching it—forces are applied remotely.

Visual Aid Suggestion:
Draw neutral metal object, charged rod nearby, charge separation arrows, and grounding
wire.
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E. Frictional Charging (5 minutes)

Definition:
Charging by rubbing two different materials together.

Example:

e Balloon rubbed on hair.
e Plastic comb rubbed on wool.

Working:
Electrons move from one material to another due to differences in electron affinity.

Visual Aid Suggestion:
Draw a balloon being rubbed on hair, with arrows showing electron transfer.

Fun Fact:
This is also called triboelectric charging, and it’s the oldest observed method of generating
static electricity.

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

e Corona Charging: Powder coating, electrostatic spraying in automotive and appliance
industries.
Contact Charging: Electroplating metals and coating thin films.
Induction Charging: Electrostatic air filters, dust collectors in cement plants.
Frictional Charging: Simple demos in physics labs, triboelectric sensors in touch
technology.

Anecdote:

“Ever wondered why sometimes your hair stands up in winter? That’s frictional charging in
action. Imagine scaling this concept to coat a car body perfectly—technology is just amplified
physics!”

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

Key Takeaways:

1. Electrostatic charging can be achieved by corona, contact, induction, or friction.

2. Each method has unique applications in industry.

3. Understanding charging is fundamental to painting, plating, and pollution control
technologies.

Typical Student Doubts:
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e Can one method be better than the other? (Depends on application, object shape, and
environment)

e Why is corona charging preferred for powder coating? (It allows uniform coverage
without contact)

3.5: Faraday Cage Effect, Wraparound Effect, High
Voltage Power Supply, Electrostatic Accessories,
Importance of Resistivity of Coating Material

Duration: 60 minutes

1. Hook / Introduction (= 5 minutes)

Opening Question:
“Have you ever wondered why you feel completely safe in a car during a lightning storm, or
why every corner of a car body gets coated evenly during electrostatic painting?”

Motivation:

Tell students that these everyday phenomena are practical examples of electrostatic
principles in action, including Faraday cage effect, wraparound effect, and the role of high-
voltage supplies in industrial coating.

Fun Fact:
Michael Faraday, in the 1830s, discovered that an electric charge cannot penetrate a hollow
conductor—a principle that now protects electronic devices and guides electrostatic coating
technologies.

Bridge to Core Concept:
“Today, we'll explore not only how electrostatic painting works but also the supporting physics
and accessories that make it reliable, uniform, and safe.”

2. Core Concepts (= 40 minutes)

A. Faraday Cage Effect (8 minutes)

e Definition: A hollow conductor shields its interior from external electric fields.
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e Mechanism: Charges on the conductor rearrange themselves so the internal electric
field is zero.

e Analogy: Think of it like a metal umbrella—the inside stays dry while the outside
faces the storm.

Visual Aid Suggestion:
Draw a hollow metal sphere with external electric field arrows bending around it and no field
inside.

Relevance:
Protects delicate electronics in electrostatic spray booths and ensures operator safety.

B. Wraparound Effect (7 minutes)

e Definition: Electrostatic paint wraps around edges and recesses of a charged
object, giving uniform coating.

e Mechanism: Charged paint particles are attracted not just to the front but also to the
sides and back of the object due to electric field lines.

Analogy:
It's like water flowing along every curve of a leaf—paint follows the electric field lines to
cover hidden surfaces.

Visual Aid Suggestion:
Draw a metal plate with arrows showing paint particles reaching edges and back.

C. High Voltage Power Supply (5 minutes)

e Definition: A device that supplies high-voltage, low-current DC to charge paint
particles in electrostatic applications.

e Function: Provides energy for corona or contact charging, ensuring efficient
adhesion.

e Safety Note: Voltage is high, but current is low—safe with proper precautions.

Visual Aid Suggestion:
Simple block diagram: Power source — Transformer — Rectifier — High-voltage output to
spray gun.

D. Electrostatic Accessories (5 minutes)

e Accessories include:
1. Spray guns — charge paint particles.
2. Grounding devices — connect object to earth for attraction.
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3. Hoses, nozzles, and booths — ensure safe delivery and collection of
overspray.
e Importance: Maintain efficiency, safety, and uniformity.

Visual Aid Suggestion:
Sketch a spray booth with gun, grounded object, and airflow.

E. Importance of Resistivity of Coating Material (15 minutes)

e Definition: Resistivity = material’'s opposition to electric current flow.
e Role in electrostatic painting:
o Low resistivity — paint may leak charges — uneven coating.
o High resistivity — particles hold charge — adhere well — uniform finish.
e Optimal range: Depends on paint type; generally 10-10'2 Q-cm for powder coatings.

Analogy:
Think of paint like a sticky balloon: too slippery (low resistivity) and it slides off; too sticky
(high resistivity) and it doesn’t flow properly.

Visual Aid Suggestion:
Draw paint particle with charge, indicate effect of resistivity on adhesion.

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

e Faraday Cage: Protects electronics inside metal enclosures and ensures operator
safety in spray booths.

e Wraparound Effect: Enables uniform coating of car bodies, metal furniture, and
complex shapes.

e High Voltage Power Supply: Powers electrostatic guns in automotive, appliance, and
industrial painting lines.
Electrostatic Accessories: Essential for precision and safety in production.
Resistivity Control: Ensures paint quality and reduces wastage.

Anecdote:
“Modern car factories use all these principles together—high-voltage guns, grounded frames,
and careful paint formulation—to give every car a flawless finish.”

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

Key Takeaways:

1. Faraday Cage: Shields interior from electric fields.
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2. Wraparound Effect: Ensures paint reaches all surfaces.
3. High Voltage Power Supply & Accessories: Enable safe, efficient coating.
4. Resistivity of paint: Critical for proper adhesion and uniformity.

Common Doubts:

e Can wraparound happen without proper grounding? (No, grounding is essential)
e Why does paint resistivity matter? (Controls how well charge is held, affecting
adhesion)

3.6: Industrial Applications of Electroplating

Duration: 60 minutes

1. Hook / Introduction (= 5 minutes)

Opening Question:
“Have you ever wondered why most car parts, jewelry, coins, and electronic components have
a shiny, corrosion-free finish? What makes these surfaces durable and visually appealing?”

Motivation:

Tell students that the answer is electroplating, an industrial process that applies a thin metal
coating on objects using electric current. This process not only improves appearance but also
enhances durability, conductivity, and corrosion resistance.

Fun Fact:
The first practical electroplating experiment was performed in the 19th century by Italian
chemist Luigi Brugnatelli, and today, electroplating is a multi-billion-dollar global industry.

Bridge to Core Concept:
“Today, we’ll explore the industrial applications of electroplating, so you can see how these
concepts of electrochemistry and electrostatics make a tangible impact on products we use
daily.”

2. Core Concepts (= 40 minutes)
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A. Basics Recap (5 minutes)

e Electroplating involves depositing a thin layer of metal on a conductive surface using
electrolyte solution and electric current.
Common metals used: nickel, chromium, gold, silver, copper, zinc.
Main purpose: corrosion protection, wear resistance, decorative finishes, and
improved conductivity.

Visual Aid Suggestion:
Draw a simple electroplating setup: anode (metal to deposit), cathode (object), and
electrolyte solution with current flow arrows.

B. Industrial Applications (35 minutes)
1. Automotive Industry (10 minutes)

e Purpose: Chrome plating for bumpers, door handles, rims. Nickel plating for engine
parts.
Benefits: Corrosion resistance, wear resistance, aesthetic appeal.
Example: Chrome-plated car rims last longer and maintain shine even in harsh
weather.

Visual Aid Suggestion:
Sketch a car bumper with highlighted chrome-plated parts.

2. Electronics and Electrical Industry (8 minutes)

e Purpose: Gold and silver plating for connectors, PCB contacts, and switches.
o Benefits: Excellent conductivity, solderability, and corrosion resistance.
e Example: Silver-plated PCB pads ensure reliable electrical connections.

Visual Aid Suggestion:
Draw a PCB with plated connectors, show electric current flow through plated surfaces.

3. Jewelry and Decorative Items (5 minutes)

e Purpose: Gold, silver, and rhodium plating for aesthetic finish and anti-tarnish
protection.

e Benefits: Cost-effective alternative to solid metal, shiny and durable finish.

e Example: Costume jewelry with gold plating looks attractive and resists corrosion.

Visual Aid Suggestion:
Draw a ring or bracelet with a labeled plated layer.
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4. Aerospace and Defense Applications (5 minutes)

e Purpose: Nickel and chromium plating on landing gear, turbines, and aircraft
components.
Benefits: Resistance to high temperature, wear, and corrosion.
Example: Jet engine parts require precise plating for durability under extreme
conditions.

5. Industrial Machinery and Tools (7 minutes)

e Purpose: Hard chrome plating on shafts, rolls, and hydraulic cylinders.
e Benefits: Reduces friction, wear, and corrosion, increasing lifespan of machinery.
e Example: Hydraulic piston rods last longer due to chrome plating.

Visual Aid Suggestion:
Draw a shaft with chrome-plated surface, highlight reduced friction.

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

Coin minting: Copper-nickel plating to enhance durability.
Household appliances: Stainless steel and chrome finishes on refrigerators, faucets,
and kitchenware.

e Medical instruments: Nickel or gold plating on surgical tools for corrosion resistance
and hygiene.

Anecdote:
“Even your smartphone relies on electroplating—gold-plated connectors in microchips ensure
signal reliability and long life.”

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

Key Takeaways:

1. Electroplating protects against corrosion, improves wear resistance, and enhances
appearance.

2. It has applications across automotive, electronics, jewelry, aerospace, machinery,
and household industries.

3. Selection of metal for plating depends on purpose, durability, conductivity, and
aesthetics.
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Typical Student Doubts:

e Can electroplating be done on non-metal objects? (Yes, with conductive coatings or
conductive adhesives)

e |s plating thickness important? (Yes, too thin — less protection; too thick — costly and
may crack)

Mentorship / Career Tip:

“Understanding industrial electroplating opens opportunities in manufacturing, quality
control, material science, electronics, and automotive engineering. Hands-on knowledge
of plating processes and materials is highly valued in careers involving product finishing,
surface engineering, and industrial design.”

3.7: Principle of Electroplating

Duration: 60 minutes

1. Hook / Introduction (= 5 minutes)

Opening Question:
“Have you ever wondered why coins, jewelry, car parts, and electronic components have such
shiny, long-lasting surfaces? What makes them resistant to corrosion and wear?”

Motivation:

Tell students that all these objects owe their durability and appearance to electroplating,
which is a practical application of electrochemistry. Understanding the principle of
electroplating is essential for engineers who work in manufacturing, electronics, automotive,
and surface engineering industries.

Fun Fact:
Electroplating was first practically applied in the early 19th century. Luigi Brugnatelli, an Italian
chemist, successfully plated gold using electricity in 1805—a technique that became the
foundation for modern surface finishing industries.

Bridge to Core Concept:
“Today, we will explore how and why electroplating works, connecting chemical reactions
with electrical principles to understand this widely used industrial process.”
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2. Core Concepts (= 40 minutes)

A. Definition of Electroplating (5 minutes)

e Electroplating: The process of depositing a thin layer of metal onto the surface of a
conductive object using electric current.

o Key idea: Uses electrolysis to transfer metal ions from a solution to the object’s
surface, improving durability, appearance, and corrosion resistance.

Visual Aid Suggestion:
Draw a simple setup: a metal anode, cathode (object to be plated), electrolyte solution, and
direction of current flow.

B. Electroplating Setup (10 minutes)

e Components:
1. Anode: Metal to be deposited (e.g., copper, nickel, gold).
2. Cathode: Object to be plated (conductive surface).
3. Electrolyte: Solution containing metal ions (e.g., copper sulfate for copper
plating).
4. DC Power Supply: Provides electric current to drive metal ion transfer.

Working Principle:

1. Metal anode dissolves in electrolyte to release metal ions.
2. Metal ions move toward the cathode under the influence of electric current.
3. Metal ions are reduced and deposited uniformly on the cathode surface.

Analogy:
Imagine the anode as a metal “bank”, the cathode as a “receiver”, and current as the
“transfer mechanism” that moves metal “coins” from bank to receiver.

Visual Aid Suggestion:
Draw a flow diagram: Anode — Electrolyte — Cathode, showing metal ions moving toward
the cathode and depositing.

C. Key Principles (15 minutes)

1. Electrolysis:
o Redox reaction drives metal deposition.
o At cathode: Metal ions gain electrons — become metal atoms — deposit.
o At anode: Metal atoms lose electrons — become ions — enter solution.
2. Current Density:
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o Determines rate of deposition. Too high — rough plating; too low — slow
plating.
3. Electrolyte Composition:
o Metal salt concentration, additives, and pH affect quality of plating.
4. Temperature:
o Influences ion mobility and smoothness of the coating.

Example:

Copper plating uses copper sulfate solution with proper additives to ensure smooth, uniform
layers.

D. Step-by-Step Mechanism (10 minutes)

Clean and polish the object (cathode).

Immerse object and anode in electrolyte.

Connect to DC power supply (anode positive, cathode negative).
Current drives metal ions to deposit on cathode surface.
Remove object after desired thickness and rinse/dry.

abrwbd-~

Visual Aid Suggestion:
Sketch a stepwise block diagram: Cleaning — Immersion — Current flow — Deposition —
Final product.

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

Automotive Parts: Chrome and nickel plating for durability and corrosion resistance.
Electronics: Gold plating on PCB contacts and connectors for reliable conductivity.
Jewelry & Decorative Items: Silver, gold, and rhodium plating for aesthetics.
Industrial Machinery: Hard chrome plating for shafts and cylinders to reduce wear.

Anecdote:

“Even your smartphone relies on electroplating: gold-plated microchip contacts ensure long-
lasting connectivity and prevent corrosion.”

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

Key Takeaways:

1. Electroplating deposits metal on a conductive object using electric current and
electrolyte.
2. The process relies on electrolysis and metal ion transfer.
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3. Proper current, electrolyte composition, and surface preparation are critical for
quality plating.
4. Applications span automotive, electronics, jewelry, and industrial machinery.

Typical Student Doubts:

e Can electroplating be done on non-metals? (Yes, but requires a conductive coating
first.)
e Why is polishing important before plating? (Ensures smooth and uniform deposition.)

Mentorship / Career Tip:

“Understanding the principle of electroplating is foundational for careers in manufacturing,
electronics, surface engineering, and quality control. Mastery of plating techniques allows
engineers to design durable, functional, and aesthetically appealing products, a highly
valued skill in modern industries.”

3.8: Materials Used in Electroplating

Duration: 60 minutes

1. Hook / Introduction (= 5 minutes)

Opening Question:
“Have you ever wondered why some metals like gold or silver are used in jewelry, while nickel
and chromium are used in car parts or machinery? How do engineers decide which metal to
coat with electroplating?”

Motivation:

Explain that in electroplating, material selection is crucial because different metals provide
specific properties such as corrosion resistance, wear resistance, conductivity, and aesthetic
appeal. Choosing the right material ensures that the coated product is durable, functional, and
cost-effective.

Fun Fact:
Did you know that the Statue of Liberty was originally coated with a thin layer of copper, which
gave it the characteristic green patina over time? This is a natural example of metal protection!

147 |Page




Bridge to Core Concept:
“Today, we’ll explore the materials used in electroplating, their properties, and how engineers
select the right metal for different industrial applications.”

2. Core Concepts (= 40 minutes)

A. Classification of Electroplating Materials (5 minutes)
Electroplating materials are broadly classified into:

1. Precious metals: Gold, Silver, Platinum
2. Base metals: Copper, Nickel, Chromium, Zinc, Tin
3. Alloys: Nickel-Cobalt, Copper-Nickel

Analogy:
Think of precious metals as luxury coatings for aesthetics and corrosion resistance, and
base metals as workhorse coatings for durability and wear protection.

Visual Aid Suggestion:
Draw a simple table showing metal types, properties, and applications.

B. Precious Metals (10 minutes)

1. Gold (Au):
o Properties: Excellent corrosion resistance, high conductivity, attractive
appearance.

o Applications: Jewelry, PCB contacts, connectors.

o Example: Gold-plated smartphone connectors ensure long-term reliability.
2. Silver (Ag):

o Properties: High conductivity, bright finish, anti-bacterial properties.

o Applications: Electrical contacts, jewelry, mirrors.
3. Platinum (Pt):

o Properties: Very high corrosion resistance, chemical stability.

o Applications: Laboratory equipment, catalytic surfaces.

Visual Aid Suggestion:
Draw coins, jewelry, and electronic connectors showing gold/silver plating.

C. Base Metals (15 minutes)

1. Copper (Cu):
o Properties: Good conductivity, corrosion resistance, smooth deposition.
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o Applications: Electrical wiring, PCB tracks, automotive parts.
2. Nickel (Ni):
o Properties: Corrosion resistance, hardness, good adhesion for other coatings.
o Applications: Chrome undercoat, machinery, tools.
3. Chromium (Cr):
o Properties: Hard, wear-resistant, shiny, corrosion-resistant.
o Applications: Car bumpers, engine parts, decorative finishes.
4. Zinc (Zn):
o Properties: Protects iron/steel from rust (sacrificial coating).
o Applications: Bolts, nuts, automotive chassis.
5. Tin (Sn):
o Properties: Anti-corrosion, solderable surface.
o Applications: Food cans, electronic components.

Visual Aid Suggestion:
Draw a car bumper with nickel-chromium plating layers labeled for clarity.

D. Alloys (5 minutes)

e Combining metals gives combined properties like corrosion resistance, hardness, or
smooth finish.
e Examples:
o Nickel-Cobalt: Hard, wear-resistant coating.
o Copper-Nickel: Decorative and corrosion-resistant surfaces.

E. Factors in Material Selection (5 minutes)

Corrosion resistance: Environment (indoor/outdoor, marine/industrial).
Wear resistance: Moving parts like shafts and rollers.

Electrical conductivity: Electronics and connectors.

Aesthetics: Jewelry, decorative items.

Cost: Precious metals are expensive; base metals or alloys may be preferred.

Analogy:
Selecting electroplating materials is like choosing the right uniform for a job: safety,
appearance, and functionality all matter.

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

e Electronics: Gold and silver plating for PCB tracks and connectors.
e Automotive Industry: Nickel and chromium plating for durability and aesthetics.
e Jewelry: Gold, silver, and platinum for luxury and corrosion resistance.
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e Machinery: Hard chrome or nickel plating for shafts, rolls, and industrial tools.
e Household Items: Tin and nickel plating on kitchenware, faucets, and cans.

Anecdote:
“Even your kitchen can showcase electroplating: stainless steel sinks and chrome-plated taps
rely on base metal coatings for durability and shine.”

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

Key Takeaways:

1. Electroplating materials include precious metals, base metals, and alloys.

2. Selection depends on corrosion resistance, wear resistance, conductivity,
aesthetics, and cost.

3. Industrial applications are diverse, from electronics and automotive to jewelry and
household items.

Common Student Doubts:

e Can non-metals be plated? (Yes, with conductive coatings).
e Why use alloys instead of pure metals? (Combined properties like hardness and
corrosion resistance).

Mentorship / Career Tip:

“Mastery of electroplating materials helps engineers choose the right coating for industrial
applications, enabling careers in manufacturing, electronics, automotive, jewelry, and
surface engineering. Understanding material properties is critical for designing durable,
functional, and visually appealing products.”

Absolutely! Here’s a Student Al Toolkit for Unit-3: Electrostatics & Electroplating
Applications, structured with 25 ready-to-use Al prompts categorized by cognitive level.
Students can directly copy these prompts into ChatGPT, Gemini, or other Al platforms for
guided learning.
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— Student Al Toolkit

A. Low-Level Prompts (10 prompts — Remember &
Understand)

1.
2.
3.

©ooNOo O

10.

“Explain the term ‘electrostatics’ in simple words suitable for a Diploma student.”
“Define electrostatic paint and describe its basic working principle with an example.”
“List and explain the main methods of electrostatic charging: corona, contact,
induction, and friction.”

“What is the Faraday cage effect? Explain with a simple analogy and diagram
description.”

“Describe the wraparound effect in electrostatic painting and why it is important.”
“Explain the role of a high-voltage power supply in electrostatic applications.”

“List common electrostatic accessories used in industrial painting and their functions.”
“Define electroplating and summarize its principle in a few sentences.”

“List the materials commonly used in electroplating and explain the purpose of each
material.”

“‘Explain why the resistivity of the coating material is important in electrostatic
processes.”

B. Moderate-Level Prompts (10 prompts — Apply &
Analyze)

11.

12.

13.

14.

15.

16.

17.

18.

19.

“Compare the four electrostatic charging methods and describe situations where each
is most suitable.”

“Explain how electrostatic paint achieves uniform coating on complex surfaces using
the wraparound effect.”

“Given a car body, describe the step-by-step process of electrostatic painting using
your own words.”

“Analyze how the choice of metal for electroplating affects durability, conductivity, and
appearance.”

“Explain why a high-voltage power supply with low current is safe for operators in
electrostatic painting.”

“Describe the process of electroplating a metallic object, including the role of anode,
cathode, and electrolyte.”

“Compare precious metals, base metals, and alloys used in electroplating in terms of
cost, properties, and applications.”

“Given a simple scenario, explain how frictional charging can create static electricity
on non-metallic surfaces.”

“Analyze the consequences of using a coating material with too high or too low
resistivity in electrostatic applications.”
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20. “Explain with examples how electroplating improves corrosion resistance and wear
resistance in industrial components.”

C. High-Level Prompts (5 prompts — Design & Create)

21. “Design a step-by-step workflow for an electrostatic painting process for a small metal
component, considering safety, uniform coating, and efficiency.”

22. “Create a table or diagram comparing all electrostatic charging methods, showing
principle, equipment, advantages, and typical applications.”

23. “Propose a method to select the best electroplating material for a specific industrial
application, considering corrosion, cost, conductivity, and aesthetics.”

24. “Design a problem-solving approach for a scenario where electroplated parts show
uneven coating due to improper current or material resistivity.”

25. “Create a mini project plan for a hypothetical electroplating setup, including material
selection, process steps, safety precautions, and expected outcomes.”

Usage Note for Students:

Copy any of these prompts into Al platforms like ChatGPT or Gemini.
Ask the Al to provide step-by-step explanations, diagrams, examples, or summary
tables.

e Use these prompts to study, revise, practice applications, and develop design-
thinking skills.

— Mastery Check

1. Key Definitions / Glossary (15 Terms)

Term Diploma-Level Definition

1. Electrostatics Study of stationary electric charges and their effects.
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N

. Electrostatic Paint

w

. Corona Charging

N

. Contact Charging

()]

. Induction Charging

[o2]

. Frictional Charging

~

. Faraday Cage

oo

. Wraparound Effect

9. High Voltage Power
Supply

10. Electrostatic
Accessories

11. Electroplating

12. Anode

Painting method where charged paint particles are attracted to
a grounded obiject.

Method of charging particles using high-voltage discharge in air.

Charging by direct touch between two materials.

Charging a body without contact by bringing a charged object
nearby.

Charging by rubbing two different materials together.

Hollow conductor that blocks external electric fields from its
interior.

Electrostatic phenomenon where paint reaches edges and
hidden surfaces.

Device that provides high-voltage, low-current DC for
electrostatic processes.

Tools and devices used in electrostatic painting, e.g., guns,
grounding rods.

Depositing a thin metal layer on a conductive object using
electric current.

Metal electrode in electroplating that dissolves to supply metal
ions.
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13. Cathode Object to be plated; attracts metal ions in electroplating.

14. Electrolyte Solution containing metal ions used for electroplating.

15. Resistivity of Coating Measure of how strongly a material opposes the flow of electric
Material current, affecting adhesion.

2. FAQ & Assessment Section

A. Multiple Choice Questions (20 MCQs)

1.

Electrostatic paint works on the principle of:
a) Magnetic attraction
b) Electrostatic attraction
c) Friction only
d) Induction heating

Which method charges particles without direct contact?
a) Contact charging
b) Corona charging
c) Frictional charging
d) Induction charging

The wraparound effect ensures:
a) Paint sticks only to the front surface
b) Uniform coating over edges and recesses
c) Paint evaporates quickly
d) Electrodes are grounded

In electroplating, the object to be coated is:
a) Anode
b) Cathode
c) Electrolyte

d) Transformer
Which of the following metals is commonly used for decorative electroplating?

a) Nickel
b) Zinc
c) Gold
d) Tin

A Faraday cage protects:
a) Only the exterior surface
b) Its interior from external electric fields
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10.

11.

12.

13.

14.

15.

c) Only conductive metals
d) Only moving charges
Which electrostatic charging method uses high-voltage ionization of air?

a) Frictional charging
b) Contact charging
C) Corona charging
d) Induction charging

High resistivity in coating material is necessary to:
a) Reduce adhesion
b) Ensure uniform particle charge retention
c) Increase current leakage
d) Avoid grounding

In electroplating, the metal ions travel from:
a) Cathode to anode
b) Electrolyte to anode
c) Anode to cathode
d) Cathode to electrolyte

Electrolyte in electroplating serves as:
a) Insulator
b) Metal ion source
c) Current breaker
d) Heating medium

Frictional charging is also called:
a) Triboelectric charging
b) Induction charging
C) Corona charging
d) Contact charging

Which metal is sacrificially coated to prevent rusting?
a) Zinc
b) Gold
c) Silver
d) Platinum

Nickel plating is mainly used for:
a) Aesthetic purposes only
b) Corrosion resistance and durability
c) Electrical insulation
d) Reducing resistivity

Electrostatic accessories include all EXCEPT:
a) Spray gun
b) Grounding rods
c) Electrolyte solution
d) Nozzles

The primary advantage of electrostatic painting is:
a) Higher paint wastage
b) Uniform coating and efficiency
C) Only for decorative purposes

d) Requires no power supply
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16.

17.

18.

19.

20.

Induction charging works by:
a) Direct contact
b) Rubbing materials
c) Using a nearby charged object

d) High-voltage corona

In  electroplating, which  factor affects smoothness of deposition?
a) Electrolyte composition
b) Shape of room
c) Color of paint
d) Air temperature only

Chrome plating is commonly used for:
a) Electronics contacts
b) Jewelry only
c) Car bumpers and machinery parts

d) Plastic surfaces
Which  electroplating  material is best for electrical connectors?

a) Gold
b) Zinc
c) Tin

d) Chromium
Which principle protects electronic components in electrostatic painting booths?

a) Wraparound effect
b) Faraday cage effect
c) Frictional charging

d) Contact charging

Answer Key (MCQs 1-20):
1-b, 2-d, 3-b, 4-b, 5-c, 6-b, 7-c, 8-b, 9-c, 10-b, 11-a, 12-a, 13-b, 14-c, 15-b, 16-c, 17-a, 18-c,
19-a, 20-b

B. Short Answer / Viva Questions (10 Questions)

20NN~

Explain the principle of electrostatic painting in simple terms.

What is the wraparound effect and why is it important in electrostatic coating?
Differentiate between corona charging and contact charging.

Describe the role of high-voltage power supply in electrostatic painting.

What is the Faraday cage effect? Give one industrial application.

Outline the step-by-step process of electroplating a metallic object.

List three materials commonly used in electroplating and their applications.
Why is resistivity of the coating material important in electrostatic painting?
Explain how electroplating improves corrosion resistance and wear resistance.

. Suggest reasons why a coated object might have uneven electroplating and how to

correct it.
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Usage Note for Students:

e Use the glossary to quickly revise technical terms before exams or practicals.
e Practice MCQs for conceptual clarity and exam-style preparation.
e Answer short-answer/viva questions to strengthen reasoning and viva confidence.

Absolutely! Here’s a structured Digital Resource Library for Unit-3: Electrostatics &
Electroplating Applications, designed to support self-learning, visualization, and practical
understanding for Diploma Electrical Engineering students.

— Digital Resource Library

1. Al Tools & Digital Learning Tools

Tool / Platform Purpose / Use-case

PhET Interactive
Simulations

Online physics and
electrostatics
simulators

TinkerCad Circuits /
Virtual Lab

Virtual electronics
and plating setups

ChatGPT / Al Al-powered

Learning Assistants explanations,
summaries, and
Q&A

Electrostatics & Computational tools
Electroplating for design and
analysis

How It Helps in Learning This Unit

Allows students to visualize electric fields,
charge distribution, and electrostatic
interactions. Useful for understanding
concepts like Faraday cage, wraparound
effect, and electrostatic painting.

Students can simulate simple electroplating
circuits, observe current flow, and understand
anode-cathode interactions without physical
equipment.

Students can generate simple explanations,
summarize principles, solve numerical
examples, and clarify doubts in electrostatics
and electroplating.

Helps calculate coating thickness, current
density, and resistivity effects. Students can

157 |Page




Calculators practice numerical problems and design

(Excel/Apps) logic.

Draw.io / Lucidchart/ Diagram and Students can create labeled electroplating

Diagramming Tools  flowchart creation setups, field

lines, wraparound effect

diagrams, and process flowcharts for
revision and assignments.

2. Video Learning Repository

Topic Name Recommended Channel /
Course / Lecturer Name

Electrostatics — Basics NPTEL Electrical Engineering
Lectures / Prof. S. P. Singh

Electrostatic Painting Learn Engineering / Practical
Principles Engineering
Faraday Cage Effect NPTEL / Physics Education

Electrostatic Charging MIT OpenCourseWare / Electrical
Methods Engineering

Wraparound Effect in Learn Engineering / Engineering
Electrostatic Coating Basics

High  Voltage @ Power NPTEL / Electrical Machines
Supply in Electrostatics

Search Keywords

“Electrostatics NPTEL
Electrical Engineering”

“Electrostatic painting working
principle”

“Faraday cage effect NPTEL
lecture”

“Corona, contact, induction
charging electrostatics”

“Wraparound effect in
electrostatic coating”

“High voltage supply
electrostatic painting”
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Electroplating — Principle NPTEL / Prof. R. K. Gupta “Electroplating principle

& Process process NPTEL”

Materials Used in SWAYAM / Material Science for “Electroplating metals
Electroplating Engineers materials SWAYAM”
Industrial Applications of Learn Engineering / Industrial “Electroplating industrial
Electroplating Processes applications”

Resistivity in Electrostatic NPTEL / Electrical Engineering “Resistivity effect electrostatic
Coating Concepts painting NPTEL”

Tips for Students:

Use exact search keywords for reliable results.
Watch simulation-based videos to visualize fields, current flow, and coating
processes.

e Pair videos with Al prompts for notes summarization, question generation, and
concept reinforcement.

Guidance for Maximum Learning Impact

1. Combine tools: Simulate, visualize, and then ask Al to summarize your observations.

2. Practice diagrams: Use Draw.io to recreate electrostatic setups, Faraday cage, or
electroplating flowcharts.

3. Apply numericals: Use calculators or virtual lab tools to solve current density,
thickness, or resistivity problems.

4. Video reinforcement: Watch 2—3 videos per topic for better conceptual clarity and
exam preparedness.

This library is free-access, Diploma-level, OBE-aligned, and NEP-2020 compliant, suitable
for LMS platforms, Al-assisted study, and revision handbooks.

Absolutely! Here’s an exam-oriented Predicted Question Bank for Unit-3: Electrostatics
& Electroplating Applications, tailored for Diploma Electrical Engineering students.
Questions are structured for theory exams, reflecting standard state technical board and
autonomous institute patterns.
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— Predicted Question Bank

1. Most Repeated / High-Probability Questions

A. Core Definitions / Short-Answer Questions

1

2
3
4.
5.
6
7
8
9.
1

0.

Define electrostatics.

. What is electrostatic paint?

Explain corona charging in simple terms.

Define induction charging.

What is the Faraday cage effect?

Define electroplating.

What is the wraparound effect in electrostatic painting?

Explain the importance of resistivity of coating material in electrostatic processes.
Differentiate between contact charging and frictional charging.

List common materials used in electroplating and their purpose.

B. Explanatory / Descriptive Questions

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

Explain the working principle of electrostatic paint with a labeled diagram.

Describe the working of an electroplating setup with anode, cathode, and electrolyte.
Discuss the industrial applications of electroplating.

Explain the role of high-voltage power supply in electrostatic painting.

Describe the advantages of electrostatic painting over conventional painting.
Discuss the significance of Faraday cage effect in industrial applications.

Explain the factors affecting quality and uniformity in electroplating.

C. Diagram-Based / Conceptual Questions

18.
19.
20.

Draw a labeled diagram showing the principle of electrostatic painting.
Draw and explain the electroplating setup for a metallic object.
lllustrate the wraparound effect using a schematic diagram.

Tips for Students:

Diagrams are often half marks questions; always label each part clearly.
Questions asking “explain” can earn higher marks if stepwise working and practical
applications are included.
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2. Application & Logical Thinking Questions (5
Questions)

1.

Scenario: A car body is to be coated using electrostatic painting, but the corners are
not receiving paint properly.
Question: Identify the likely cause and suggest a method to improve the coating on
hidden surfaces.
Concept Tested: Wraparound effect, uniform coating, problem-solving.

Scenario: A metallic tool shows uneven electroplating despite proper cleaning.
Question: Analyze potential reasons for uneven deposition and propose corrective
measures.

Concept Tested: Electroplating process factors (current density, electrolyte
composition, resistivity).

Scenario: A PCB connector requires long-lasting conductivity. Gold and nickel are
available for plating.
Question: Recommend the plating material and justify your choice.
Concept Tested: Material selection, conductivity, corrosion resistance, practical
reasoning.

Scenario: An operator reports mild shocks while using electrostatic paint equipment.
Question: Explain the possible causes and safety measures to prevent shocks.
Concept Tested: High-voltage power supply understanding, safety awareness,
practical application.

Scenario: A company wants to protect steel bolts from corrosion using electroplating.

Zinc and chromium are options.
Question: Determine the most suitable coating and explain why. Also, discuss its
industrial significance.

Concept Tested: Logical reasoning, material selection, corrosion protection
principles.

Tip for Students:

Application-based questions test concept understanding, reasoning, and solution
clarity.

High-scoring answers include stepwise reasoning, advantages, and practical
considerations.
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UNIT-4 : Street Lighting

Total Teaching Hours: 10 Hours
Weightage: ~22%
CO Mapping: CO-3 (Design of Street Lighting)

1. Logical Learning Flow (Big Picture for Students)

“First understand what light is - then how we measure it - then laws governing it >
finally design a real street lighting system like a junior engineer.”

The unit progresses as:

System Components (What makes a street light work?)

Photometric Fundamentals (How light is measured)

Ilumination Laws (How light behaves in space)

Design Calculations (How engineers decide pole height, spacing & wattage)

Field Measurement & Energy Performance (How we verify and improve designs)

abrowbd -~

2. Topic-Wise Detailed Study Plan (Strictly as per Syllabus)

Legend
e (= Core Topic (Must for exam + concept clarity)

e S = Supporting Topic (Builds understanding)
e A = Application / Design-oriented Topic

UNIT-4 STUDY PLAN TABLE

Sr. Topic (As per Typ Key Learning Suggested Exam Practical /
No. Syllabus) e Focus (Diploma Hours Importance Industry
Level) Relevance
1 Components of C Role of each 1.0 Medium Very High
Street Lighting component, LED (Field
System: Lamp, vs conventional installations)
Ballast, Luminaire systems, system
block
understanding
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10

Performance
Parameters of
INlumination

Photometry &
Relation between
Lumen and Lux

Laws of
INlumination
(Inverse Square
Law, Cosine Law)

Street Light
Design —
Introduction

Pole
Arrangement —
Lumen Based
Method

Pole Height vs
Wattage of Lamp

Pole Spacing
Optimization

Distance Between
Two Poles —
Approximation
Method

Distance Between
Two Poles —
Actual Method

Definitions &
units: lumen, lux,

candela, efficacy,
CRI, CCT

Area-based
illumination
concept, practical
meaning of lux
levels

Mathematical
application,
illumination at a
point

Why design is
needed, safety &
energy efficiency
perspective

Step-by-step
design procedure

Selection logic,
road width
consideration

Uniform
illumination, glare
reduction

Quick estimation
for exams

Accurate design
using illumination
equations

2.0

0.5

1.0

0.5

1.5

0.5

1.0

0.5

Very High

Medium

High

Low

Very High

Medium

High

High

High

High (Lighting
selection &
standards)

High

Medium
(Measurement
experiments)

High

Very High

(Design

problems)

High

Very High

Medium

High
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11

12

13

14

15

16

17

18

19

Estimation of
Watt Rating of
Street Light
Luminaire

IMumination
Measurement
Basics

Correction Factor
for Lux Meter

Determination of
Illumination
Points & Room
Index

Average
INIuminance
Calculation

Installed Load
Efficacy & Total
Power of Light
Sources

Installed Load
Efficacy Ratio
(ILER) — Reasons

Steps to Improve
Energy Efficacy

Case Study on
[llumination
Measurement

Total Hours = 10

Final design
outcome,
numerical
problems

Lux meter usage
concept, field
relevance

Practical error
correction

Grid method,
average
illuminance

Numerical
problems

Energy efficiency
indicators

Performance
analysis

LED retrofitting,
spacing
optimization

Real-life
application, OBE
focus

1.0

0.5

0.25

0.5

0.5

0.5

0.25

0.25

0.25

3. Core vs Supporting vs Application Summary

Very High

Medium

Low

Medium

High

High

Medium

Medium

Medium

Very High

Very High

Medium

High

High

Very High

Medium

Very High

Very High
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Core Topics (Must Master — Exam + Concept)

Components of street lighting system
Photometric parameters

Laws of illumination

Average illuminance

Installed load efficacy

Supporting Topics (Concept Builders)

e Photometry basics
e Lux meter correction
e ILER reasons

Application-Oriented Topics (Design & Practical)

Lumen-based street lighting design
Pole spacing & height calculation
Wattage estimation

[llumination measurement & case study

4. Outcome-Based Education (OBE) Alignment

Course Outcome Unit-4 Contribution

CO-3: Design of street lighting v Strong alignment

RBT Levels U (Understand), A (Apply)

Skill Type Analytical + Field Measurement + Design

5. Teaching—Learning Strategy (Mentor’s Advice)
For Faculty

e Teach numericals side-by-side with theory
e Use real road photos / campus roads for explanation
e Demonstrate lux meter early to build curiosity

For Students
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e Remember:
“Street lighting is not memorization — it is engineering judgement.”
Practice design numericals daily
Visualize pole height, spacing, and road width while solving problems

For Al-Assisted Learning

e FEasy modular breakdown for:
o Concept explainers
© Numerical problem generators
o Virtual illumination simulations

4.1: Components of Street Lighting System

Topic: Lamp, Ballast and Luminaire
Duration: 60 Minutes

1. Hook / Introduction (= 5 minutes)

“Have you ever noticed why some streets feel safe and comfortable at night, while others look
dull or unsafe—even though lights are installed?”

The answer is not just brightness, but proper street lighting design. Behind every glowing
streetlight, there is engineering thinking, not just a bulb on a pole.

In your earlier studies, you have learned about electric lamps, basic circuits, and power
consumption. Today, we connect that knowledge to real-world public infrastructure—street
lighting systems.

By the end of this lecture, you should be able to confidently explain what components make a
streetlight work and why each one is essential.

2. Core Concepts (= 40 minutes)

A street lighting system mainly consists of three key components:

Lamp (Light Source)

The lamp is the heart of the street lighting system. Its main function is to convert electrical energy
into visible light.
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Common types of street lighting lamps:

Sodium vapour lamps (older systems)
Mercury vapour lamps

Metal halide lamps

LED lamps (most modern and preferred)

Why LEDs are replacing old lamps?

Higher luminous efficacy (more light per watt)
Long life (50,000+ hours)

Instant ON-OFF (no warm-up time)

Lower maintenance cost

Analogy: Think of the lamp like the engine of a vehicle—if the engine is inefficient, the whole
system wastes energy.

v

Light Source

PAY

e -—

Power Supply

Fig. 4.1.1: Lamp Symbol connected to power supply

Ballast (Control Gear)

Many traditional lamps cannot be connected directly to the supply. This is where the ballast comes
in.

Functions of a ballast:

e Limits current through the lamp
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e Provides starting voltage (for discharge lamps)
e Stabilizes lamp operation

Types of ballasts:

e Electromagnetic ballast (older, heavier)
e Electronic ballast (lighter, efficient)

Important Point:
LED lamps do not require traditional ballasts. Instead, they use LED drivers, which regulate
voltage and current.

Analogy: A ballast is like a speed governor in a bike—it prevents damage due to excess speed
(current).

Ballast

Supply — Ballast = Lamp

Fig. 4.1.2: Block Diagram

Luminaire (Light Fixture)

A luminaire is the complete lighting unit, not just the lamp.
It includes:

Lamp

Reflector
Diffuser
Protective cover

Mechanical housing
Functions of luminaire:

Direct light in required direction
Reduce glare

Protect lamp from dust, rain, insects
Improve illumination efficiency
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Street luminaires are designed to:

e Spread light uniformly on roads
e Minimize light pollution
e Withstand weather conditions

Fun Fact: Good luminaire design can improve illumination without increasing wattage.

Glass Cover

Fig. 4.1.3: Cross-section of luminaire showing lamp, reflector, glass cover

3. Real-World / Industry Applications (= 10 minutes)
In modern cities:

e LED street lights with smart controllers are widely used
e Automatic ON—OFF using light sensors
e Centralized monitoring systems (smart cities)

Engineers must select:

e Proper lamp wattage
e Suitable luminaire design
o Weather-resistant enclosures

Poor selection leads to:
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e High energy bills
e Uneven lighting
e Frequent failures

Industry Practice: Municipal corporations prefer standardized LED luminaires approved by
agencies like MNRE.

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

Key Takeaways
e Lamp produces light
e Ballast controls current and starting
e Luminaire directs and protects light
e LED systems dominate modern street lighting

Typical Student Doubts

e Is LED lamp a luminaire? — X No, luminaire is the complete assembly
e Is ballast used in LED? — X LED uses a driver

Mentorship Note (Career Tip)

Understanding street lighting components is not just exam-oriented. It helps you:
e Design lighting layouts in projects
e  Work with electrical contractors

e Prepare for jobs in municipal services, smart city projects, and electrical maintenance

A good engineer is not the one who installs lights, but the one who knows why each
component is needed.

In the next lecture, we will explore how light is measured and evaluated—the language engineers
use to judge lighting quality.

4.2: Performance Parameters of Street Lighting (Part-A)

Topic: Total Luminous Flux, Luminous Intensity & Luminous Efficacy
Unit—4: Street Lighting | Duration: 60 Minutes

1. Hook / Introduction (= 5 minutes)
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If two street lights consume the same electrical power, will both give the same brightness on the
road?

Most people think “Yes”, but as engineers, we know the answer is “Not necessarily.”

In electrical engineering, power (watts) tells us how much electricity is consumed, but lighting
performance is judged by how much useful light is produced and how it is distributed.

Today, we will learn three fundamental performance parameters that form the foundation of all
lighting design:

1. Total Luminous Flux
2. Luminous Intensity
3. Luminous Efficacy

Once you understand these, street-lighting design becomes logical instead of confusing.

2. Core Concepts (=~ 40 minutes)

Let us study each parameter step-by-step, using simple examples and engineering logic.

Total Luminous Flux (®)

Definition:
Total luminous flux is the total quantity of visible light emitted by a lamp in all directions.

e Unit: lumen (Im)
Important point: Lumen measures light output, not power consumption.
Example: A typical LED street lamp may produce 7000-10,000 lumens.

Analogy:
Imagine a water tank with holes all around it.
The total water coming out from all holes per second is like total luminous flux.

Luminous Intensity (l)

Definition:
Luminous intensity is the amount of light emitted in a specific direction.
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e Unit: candela (cd)
Why this is important:

Street lights should not waste light sideways or upward.
They must focus light towards the road surface.

@D (lumens) @D (lumens)

® (lumens) @D (lumens)

@D (lumens) @ @D (lumens)

® (lumens) @D (lumens)

Fig. 4.2.1: Lamp with Lumens

Example: A street light and a decorative garden lamp may have similar lumen output, but the street
light has higher intensity downward.

Analogy:
A torch and a bulb may give similar total light, but the torch looks brighter in one direction because of
higher intensity.

Visual to draw:
Lamp with a downward cone of light, showing concentrated rays.

3. Luminous Efficacy

Definition:
Luminous efficacy tells us how efficiently a lamp converts electrical power into light.

Luminous Efficacy(Im/W) = Luminous Flux (lumens) / Power Input (watts) /
e Unit: lumen per watt (Im/W)

Typical values:
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e Incandescent lamp: ~15 Im/W
e Fluorescent lamp: ~60 Im/W
e LED lamp: 120-180 Im/W

Fun Fact:
Higher efficacy means less heat loss and more savings.

Analogy:
Two bikes use the same fuel, but one travels more distance—this bike is more efficient.

Visual:
Comparison bar chart showing Im/W of incandescent, CFL, LED.

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

In real street-lighting projects:

e Engineers compare lumen output to ensure required brightness
e Luminous intensity distribution is checked to avoid glare
e Luminous efficacy is the key parameter for:

o Energy audits

o Government tenders

© Smart city projects

Industry Practice:
Municipal corporations always prefer high-efficacy LED luminaires to reduce electricity bills and
maintenance cost.

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

Quick Revision Points

v Lumen — total light output
v Candela — light in one direction
v Im/W — efficiency of lamp

Common Student Doubts

e Is higher watt always brighter? — >{ No
e Can two lamps have same lumen but different intensity? — v Yes
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Mentorship Note (Career Tip)
Mastering these three parameters helps you:

e Understand lighting design numericals
e Work confidently in street-lighting projects
e Perform energy audits and site inspections

Remember:
A skilled engineer does not select a lamp by watt, but by lumen, candela, and efficacy.

4.3: Performance Parameters of Street Lighting (Part-B)

Unit—4: Street Lighting
Duration: 60 Minutes

1. Hook / Introduction (= 5 minutes)

Why do some street lights look yellowish and calm, while others look bluish and harsh—even
when both are LED?
And why do objects sometimes look dull or unnatural under certain lights?

This is not a defect—it is engineering choice.

In the previous lecture, we learned how much light is produced.
Today, we will learn what type of light it is and how it is measured on the road surface.

These parameters help engineers design lighting that is safe, comfortable, and energy-efficient.

2. Core Concepts (= 40 minutes)

Let us understand these concepts step-by-step, using practical thinking.

Chromaticity Coordinates
Chromaticity coordinates describe the colour of light numerically, independent of brightness.

e Represented on the CIE chromaticity diagram
e Defined using x and y coordinates
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Simple meaning:
They tell us whether light is more yellowish, bluish, or neutral white.

Fun Fact:
Two lamps may have same brightness but different chromaticity, giving different visual comfort.

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Fig. 4.3.1: CIE colour diagram with a small marked white region.

Correlated Colour Temperature (CCT)

CCT tells us the appearance of white light.

e Unit: Kelvin (K)

CCT Value Light Appearance

2700 K Warm yellow
4000 K Neutral white
6500 K Cool white

Street lighting generally uses: 4000 K to 5700 K
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Analogy:
CCT is like climate—warm light feels relaxing, cool light feels alert.

Engineering logic:
Cool white light improves visibility on roads.

S 4 S 4

Neutral Cool

Fig. 4.3.2: Three lamps showing warm, neutral, and cool light.

Colour Rendering Index (CRI)

CRI indicates how accurately colours appear under a light source.

e Scale: 0 to 100
e Higher CRI = better colour recognition

Example:
Under low CRI light, a red object may appear brownish.

Street lighting requirement:
Moderate CRI is sufficient, as extreme colour accuracy is not critical.

Fun Fact:
Sunlight has CRI = 100.

Photometry
Photometry is the science of measuring light as perceived by the human eye.
It deals with:

e Luminous flux
e Luminous intensity
e [lluminance (lux)
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Why it matters:
Human eyes do not respond equally to all wavelengths, and photometry considers this.

Visual:
Flow diagram: Light source - Human eye response - Measurement.

Relation between Lumen and Lux

e Lumen - total light emitted
e Lux - light falling on a surface

[lluminance (lux) = Luminous Flux (lumens) / Area (m?)

Example:
2000 lumens spread over 20 m? gives 100 lux.

Analogy:
Same water spread over a large floor gives less depth.

Visual:
Light rays falling on a rectangular road surface labelled with lux.

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

In real street-lighting projects:

e Engineers select CCT for road safety and comfort

e CRI ensures objects and pedestrians are visible

e Lux levels are checked using lux meters during installation

e Photometric data from manufacturers is used for design approval
Smart City Practice:

Lighting systems are tested at night to verify lux uniformity.

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

Key Takeaways

v Chromaticity = colour of light
v CCT = appearance of white light
v CRI = colour accuracy
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v Photometry = measurement of light
v Lux = light per unit area

Common Student Doubts

e Is cool light always better? X
e Can high lumen give low lux? v Yes, if area is large

Mentorship Note (Career Tip)

Understanding these parameters prepares you for:
e Street-lighting design projects
e Lighting audits and inspections

e (Careers in municipal engineering, smart cities, and electrical consultancy

Remember:
Good lighting is not just bright—it is comfortable, accurate, and measurable.

4.4: Photometry & Relation between Lumen and Lux

e Introduction to Street Light Design**
Unit—4: Street Lighting | Duration: 60 Minutes

1. Hook / Introduction (= 5 minutes)

Two streets have identical LED street lights installed. On one street, people say “Lighting is perfect”,
while on the other they complain “Road looks dark”.

Now ask yourself:
If both use the same lamp, why is the result different?

The answer lies in photometry and how light spreads over an area.
From today, we stop saying “bright” or “dim” and start using engineering terms like lumen, lux,
and illumination design.

This lecture connects light measurement with actual street-lighting design, which is the heart of
this unit.

2. Core Concepts (= 40 minutes)
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Photometry — Measurement of Light
Photometry is the science of measuring light based on how the human eye perceives brightness.
It deals with quantities such as:

e Luminous flux (lumen)
e Luminous intensity (candela)
e [lluminance (lux)

Why photometry is needed:
Human eyes do not respond equally to all colours. Photometry considers this response, making
lighting measurements practical and realistic.

Visual to draw:
Block diagram:
Light Source - Human Eye Response - Measured Quantity

Lumen and Lux — Understanding the Difference
Students often confuse these two terms, so let us simplify.
Lumen (Im)

e Total amount of light emitted by a source.
e Independent of distance or area.

Example:
A street lamp produces 8000 lumens.

Lux (Ix)

e Amount of light falling on a surface per unit area.
e Depends on distance, height, and spread.

[lluminance (lux) = Luminous Flux (lumens) / Area (m?)

Example:
2000 lumens spread over 20 m? = 100 lux

Analogy:
Same water poured into a small plate gives more depth than on a large floor.

Visual:
Light rays falling on a rectangular road surface labelled “lux”.
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Why Lux Is Important in Street Lighting

In street lighting:

e Lumen tells lamp capability
e Lux tells actual road brightness

Engineers design street lighting to achieve minimum required lux on road surface for safety.

Too low lux = accidents
Too high lux = glare and energy waste

Introduction to Street Light Design

Street light design means deciding:

e How many lamps are needed?

e At what height should poles be installed?

e What should be the spacing between poles?

e What wattage and lumen output is required?
Key aim:

Provide uniform illumination with minimum energy consumption.
Design is based on:

Required lux level

Road width

Mounting height

Light distribution pattern
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-~ Light spread,

Fig. 4.4.1: Simple road layout showing poles, height, spacing, and light spread.

5. Design Philosophy (Beginner Level)

At Diploma level, street-lighting design focuses on:

1. Meeting required lux

2. Avoiding dark patches

3. Reducing glare

4. Improving energy efficiency
Fun Fact:

Good design can improve road visibility without increasing lamp wattage.

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

In real projects:

Engineers use lux meters to measure illumination on roads

Photometric data from manufacturers helps in selecting luminaires
Municipal bodies follow standard lux values for highways and city roads
Smart city projects use simulation software based on photometry
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Field practice:

Lighting is measured at night after installation to verify design accuracy.

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

Key Takeaways

v Photometry measures light as seen by human eye
v Lumen = total light output

v Lux = light on road surface

v Street lighting design is based on lux, not watt

Common Student Doubts

e Can high lumen give low lux? v Yes
e Is lux same everywhere on road? X

Mentorship Note (Career Tip)
Mastering photometry and lux-based design helps you:

e Perform lighting surveys and audits
e Handle street-lighting tenders
e Work confidently on site measurements

Remember:

Engineers don’t install lights blindly—they design illumination scientifically.

In the next lecture, we will start laws of illumination and move closer to full street-lighting design

calculations @

4.5: Laws of Illumination

Unit—4: Street Lighting | Duration: 60 Minutes

1. Hook / Introduction (= 5 minutes)
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When you hold your mobile torch close to a book, it looks very bright. As you move it away, the
light becomes weak.

Have you ever thought:
Can we calculate this change in brightness mathematically?

As engineers, we don’t rely on guesses. Laws of illumination help us predict how light behaves in
space.

Without these laws, street-light design is impossible—we would not know pole height, spacing, or
brightness on the road.

Today’s lecture will convert your observation into engineering formulas.

2. Core Concepts (= 40 minutes)

What Are Laws of lllumination?

Laws of illumination describe how light from a source spreads and falls on a surface.
They help us calculate illumination (lux) at any point.

At Diploma level, we mainly study two laws:

1. Inverse Square Law
2. Cosine Law (Lambert’s Law)

Inverse Square Law of lllumination

Statement:
[llumination at a point is inversely proportional to the square of the distance between the light
source and the point.

Eox1/@

or

E=1/d

Where:
e (E) = illumination (lux)
e (I) = luminous intensity (candela)
e (d) = distance (m)

Meaning;:

If distance is doubled, illumination becomes one-fourth.
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Analogy:
Sound from a speaker becomes weaker as you move away—Ilight behaves similarly.

Visual to draw:
Point source at center, two points at distances d and 2d, showing reduced illumination.

2. Cosine Law of Illumination (Lambert’s Law)

Statement:
[llumination on a surface is proportional to the cosine of the angle between the direction of light and
the normal to the surface.

E=1cos8/d?

Understanding:
Maximum illumination occurs when light falls perpendicular to the surface (6 = 0°).

Analogy:
Sunlight is strongest at noon when rays fall directly and weaker in morning/evening.

Visual:
Light rays striking a surface at angle 0, showing reduced effective illumination.

3. Combined Effect in Street Lighting
In real street-lighting:

e Light is mounted at height
e Light falls at an angle
e Distance changes with road position

So we use both laws together to calculate actual lux on the road.

Engineering Insight:
Higher pole height increases area coverage but reduces illumination.

4. Importance of Laws in Design
Using these laws, engineers can:

e Decide optimum pole height
e (alculate distance between poles
e Avoid dark spots and glare
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Fun Fact:

Correct application of these laws can reduce energy consumption without changing lamp wattage.

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

In practical street-lighting projects:

Engineers calculate illumination at road center and edges
Pole spacing is adjusted using inverse square law
Angle of luminaire is designed using cosine law

Lighting layouts are verified using lux meters

Industry Practice:

Lighting simulation software internally applies these laws to design layouts.

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

Key Takeaways

v lllumination decreases with square of distance
v Perpendicular light gives maximum brightness
v Both laws are essential for street-light design

Common Student Doubts

e Does higher pole always give better lighting? >
e s cosine law applicable only to flat surfaces? X

Mentorship Note (Career Tip)
Mastering laws of illumination helps you:

e Solve design numericals confidently
e Understand lighting software outputs
o Work effectively in field installations and audits

Remember:

Street-light design is not trial and error—it is applied physics with engineering logic.

4.6: Street-Light Pole Arrangement by Lumen-Based Method
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1. Hook / Introduction (= 5 minutes)

Why do some roads have perfectly spaced street-light poles, while others show bright patches
and dark shadows?

It is not guesswork and it is not trial-and-error.
Engineers use design methods to decide how many poles are required and where to place them.

Today, we will learn one of the most important and easiest design techniques used at Diploma
level—the Lumen-Based Method.
This method forms the starting point of real street-lighting design.

2. Core Concepts (= 40 minutes)

What is Lumen-Based Method?

The lumen-based method is a design approach in which:

e Required illumination level (lux) is fixed
e Total lumens required are calculated
e Number of street lights and pole spacing are decided

Key idea:

“If we know how much light is needed on the road, we can calculate how many lamps
are required.”

Step-by-Step Lumen-Based Design

Let us break it into simple steps.

Step 1: Decide Required Illuminance
Required illumination depends on road type:

e Residential roads - low lux
e Main roads - moderate lux
e Highways = higher lux

Illuminance is measured in lux.
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Step 2: Calculate Area to Be Illuminated

Area =
Road Area = Road Length x Road Width

Example:
Road width = 10 m
Length between poles =S m

Step 3: Calculate Total Lumen Required
Total Lumens = Illuminance (lux) x Area (m?)
Meaning: This tells us how much light is needed on the road surface.

Analogy:

If a classroom needs 300 lux, we calculate how many lumens must fall on the floor.

Step 4: Consider Utilization and Maintenance Factors
Not all light reaches the road due to:

e Dirt

e Light losses

e Improper direction

So we apply:

e Utilization factor (UF)
e Maintenance factor (MF)

Adjusted lumen requirement increases slightly.

Engineering reality:
Design is always done with losses in mind.

Step 5: Select Lamp Lumen Output
From manufacturer’s data:

e Example: LED street light = 9000 lumens

187 |Page




Step 6: Calculate Number of Lamps / Pole Spacing

Number of Lamps = Total Lumens Required / Lumens per Lamp
Or spacing between poles is adjusted accordingly.

Final Outcome:

e Number of poles
e Distance between poles

Why Lumen-Based Method Is Popular

v Simple

v Easy to calculate

v Suitable for Diploma-level design
v Used for preliminary planning

Visual to draw:
Road section showing:

e Pole height
e Spacing between poles
e Light spread on road

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

In real projects:

e Municipal engineers use lumen-based method for initial planning
e Lighting contractors estimate number of poles and cost
e Smart-city projects use this method before simulation

Field practice:
After installation, lux measurements verify whether design goals are met.

Fun Fact:
Correct spacing can save 10—20% energy without reducing visibility.

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

Key Takeaways
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v Lumen-based method starts with required lux
Vv Area x |ux = total lumens needed

v Lamp lumen rating decides number of poles
v Simple but powerful design tool

Common Student Doubts

e Is lumen-based method 100% accurate? X
e Why use factors like UF and MF? v To include losses

Mentorship Note (Career Tip)
Mastering this method helps you:

e Solve street-lighting numericals confidently
e Prepare lighting layouts for projects
e Work effectively with municipal and infrastructure contractors

Remember:
Good lighting is not about more lamps—it’'s about correct placement.

4.7: Pole Height vs Wattage of Lamp & Pole Spacing
Optimization

1. Hook / Introduction (= 5 minutes)

On some roads, street lights are mounted very high, while on others they are much lower—yet both
seem well-lit.

So the question is:
Why can’'t we use the same pole height and same lamp wattage everywhere?

Because pole height, lamp wattage, and spacing are interconnected.
Today’s lecture will teach you how engineers balance these three parameters to get uniform, safe,
and economical street lighting.

2. Core Concepts (= 40 minutes)

Relationship Between Pole Height and Lamp Wattage
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Pole height decides how far light spreads on the road.

e Higher pole - light spreads over larger area
e Lower pole - light concentrates in smaller area

Engineering logic:
As pole height increases, illumination at ground decreases, so higher wattage or higher lumen

lamp is required.

Typical Practice

Pole Height = Lamp Wattage (LED)

6 m 30-60 W

8 m 6090 W

10-12 m 90-150 W
Analogy:

A sprinkler mounted high needs more water pressure to wet the ground properly.

Visual to draw:
Two poles of different heights showing different light spread patterns.

Effect of Pole Height on lllumination

From the inverse square law:
E o 1/h?

Meaning:
Doubling the pole height reduces illumination to one-fourth if wattage remains same.

So pole height must always be matched with appropriate lamp wattage.

Pole Spacing — What Does It Mean?

Pole spacing is the distance between two consecutive street-light poles.
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e Too close - overlapping light, glare, wastage
e Too far - dark patches, poor visibility

Goal:
Uniform illumination with minimum number of poles.

Pole Spacing Optimization
Pole spacing depends on:

Pole height

Lamp lumen output
Required lux level
Road width

General rule used in practice:
Spacing = (3 to 4) x Pole Height

Example:
Pole height =8 m
Spacing = 24-32 m

Visual:
Road layout showing pole height, spacing, and overlapping light cones.

5. Trade-Off Between Height, Wattage, and Spacing
Engineers aim to:

e Increase spacing to reduce number of poles
e Use optimum wattage to avoid glare
e Choose height for uniform spread

Fun Fact:
Good spacing design can reduce total lighting cost by 15-25%.

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

In real street-light projects:

e Residential streets use lower poles and lower wattage
e Highways use taller poles and higher wattage
e Pole spacing is optimized to reduce capital and maintenance cost
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Smart city projects often adjust spacing using lighting simulations and field tests.

On-site engineers verify spacing using lux meters at mid-points between poles.

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

Key Takeaways

v Pole height affects light spread and intensity
v Higher poles need higher wattage lamps

v Proper spacing avoids dark patches and glare
v Optimization saves energy and cost

Common Student Doubts

e Can we increase height without increasing wattage? X
e s closer spacing always better? X

Mentorship Note (Career Tip)
Understanding pole height and spacing optimization helps you:

e Design cost-effective lighting layouts
e Work confidently on municipal street-lighting projects
e Perform site inspections and lighting audits

Remember:
Street lighting is a balance of physics, safety, and economics—not just brightness.

4.8: Pole Spacing Methods & Estimation of Luminaire Watt
Rating

1. Hook / Introduction (= 5 minutes)

On some roads, the distance between street-light poles looks perfectly uniform, while on others
you can clearly see dark patches in between.
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So let me ask you:
How do engineers decide the exact distance between two poles?
And how do they decide whether a 60 W lamp is enough or a 90 W lamp is required?

Today’s lecture answers both questions using two design approaches:

1. Approximation Method (quick planning)
2. Actual Method (accurate calculation)

By the end, you’ll be able to estimate pole spacing and lamp wattage confidently.

2. Core Concepts (= 40 minutes)

Part-A: Distance Between Two Poles

1. Approximation Method
This is a rule-of-thumb method, used for initial design.

Basic Rule:
Pole Spacing = (3 to 4) x Pole Height

Example:
Pole height =8 m
Spacing=24mto32m

Advantages:
e Simple
® Quick estimation

e Useful for field planning

Limitation:
Not very accurate for wide roads or high-mast lighting.

Visual to draw:
Straight road with equally spaced poles labelled “3—4 x height”.

2. Actual Method

The actual method is based on illumination calculations using laws of illumination.
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Concept:

lllumination at the mid-point between two poles should not fall below the minimum required

lux.
Steps involved:

Assume pole height (h)

Assume spacing (S)

Calculate illumination using inverse square and cosine law
Adjust spacing until required lux is achieved

el o

Engineering logic:
Actual method ensures uniform illumination without dark spots.

Analogy:

Approximation is like estimating travel time; actual method is like using GPS.

Visual:
Two poles, mid-point between them, light rays intersecting road surface.

Part-B: Estimation of Watt Rating of Street-Light Luminaire

1. Why Watt Rating Estimation Is Needed
Selecting wattage blindly can cause:

e Over-illumination - glare, energy waste
e Under-illumination = unsafe roads

2. Step-by-Step Watt Rating Estimation

Step-1: Decide required illuminance (lux)
Based on road type.

Step-2: Calculate illuminated area
Area = Road Width x Pole Spacing

Step-3: Calculate total lumens required
Lumens = Lux x Area

Step-4: Consider utilization & maintenance factors

Step-5: Select lamp wattage using Im/W value
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Example:

If required lumens = 8000
LED efficacy = 120 Im/W
Wattage = 8000/ 120 =67 W

So, a 70 W LED luminaire is selected.

Visual:
Flowchart: Lux - Area - Lumens - Wattage

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

In real projects:

e Approximation method is used for budget estimation
e Actual method is used for final approval
e Wattage estimation helps in energy audits and tender preparation

Smart city projects rely heavily on actual-method calculations.

On-site engineers verify illumination using lux meters at mid-points.

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

Key Takeaways

v Approximation method = quick planning

v Actual method = accurate design

v Mid-point illumination is critical

v Wattage depends on lux, area, and efficacy

Common Student Doubts

e |s approximation method acceptable in exams? v Yes
e Is higher watt always safer? X

Mentorship Note (Career Tip)
Mastering spacing and wattage estimation helps you:

e Prepare street-lighting layouts
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e Handle municipal tenders and inspections
e (ain confidence in site-level decision-making

Remember:
Good engineers don’t guess lighting—they calculate it.

4.9: Estimation of [lluminance Measurement

Topics Covered: Lux Meter Correction Factor, [llumination Points, Room Index, Average
Illuminance, Installed Load Efficacy, Total Power of Light Sources
Unit—4: Street Lighting | Duration: 60 Minutes

1. Hook / Introduction (= 5 minutes)

After installing new street lights, how do engineers prove that the lighting is sufficient and meets
standards?

Do they rely on opinion?
No. They measure it.

Today’s lecture focuses on the verification stage of street-lighting design—measuring and
evaluating illumination.
This is where an electrical engineer’s design is tested on the ground.

2. Core Concepts (= 40 minutes)

Lux Meter and Correction Factor

A lux meter measures illuminance directly in lux.
However, readings may not be perfectly accurate due to:

e Meter calibration error
e Direction of light
e Age of sensor

Therefore, a correction factor (CF) is applied:
Corrected Lux = Measured Lux x Correction Factor

Example:
Measured lux = 90
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Correction factor = 1.1
Corrected lux = 99 lux

Analogy:
Like correcting a watch that runs slow.

Visual:
Lux meter placed on road surface with note “apply CF”.

Determination of lllumination Points in Area
[llumination is not measured at one point only.
Measurements are taken at:

e Center of road
e Mid-point between poles
e Edge ofroad

Purpose:
To check uniformity of lighting.

Visual:
Road divided into grid points showing measurement locations.

Room Index (RI)

Room index helps in planning number and location of measurement points.

LW
Rl= ——
H(L+W)

Where:
e [ =length
o W =width

e H = mounting height above working plane
Though called “room index,” the same concept applies to open areas and road sections.

Simple meaning:
It represents shape and size factor of illuminated area.

Average llluminance
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Average illuminance gives the overall lighting level.
Average Lux = Sum of Measured Lux Values / Number of Points

Engineering requirement:
Average lux must be equal to or greater than recommended value.

Fun Fact:
Uniformity is as important as brightness.

Installed Load Efficacy (ILE)

Installed Load Efficacy indicates how effectively electrical power produces illumination.
ILE = (Average Illuminance x Area) / Total Power (W)

Higher ILE = better energy efficiency

Total Power of Light Sources in Area

Total Power = Number of Lamps x Wattage of Each Lamp
This helps in:

e Energy audits
e Cost calculations
e Efficiency comparison

Visual:
Table showing lamp count, wattage, total power.

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

In actual street-light projects:

Lux meters are used for acceptance testing

Measurements are taken at night under steady conditions

ILE is calculated for energy-performance evaluation

Results are used for payment approval in government projects

Smart city projects emphasize high ILE with minimum power.
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4. Summary & Q&A (= 5 minutes)

Key Takeaways

v Lux meter verifies design performance

v Correction factor improves accuracy

v Average illuminance shows overall brightness
v ILE measures lighting efficiency

v Total power helps energy planning

Common Student Doubts

e Why not measure lux at one point only? X
e s higher power always better lighting? >

Mentorship Note (Career Tip)
Mastering illumination measurement helps you:

e Conduct lighting audits
e Handle site inspections and quality checks
e Work confidently in municipal and smart city projects

Remember:
An engineer’s work is complete only when the design is measured and verified.

4.10: Energy Performance of Street Lighting Systems

Topic: Target Installed Load Efficacy, ILER, Energy Efficacy Improvement & Case Study
Unit—4: Street Lighting | Duration: 60 Minutes

1. Hook / Introduction (= 5 minutes)

Imagine two streets with same illumination level—both look equally bright and safe.
But one street consumes much less electrical power than the other.

Now ask yourself:
Which one is engineered better?

This is where energy performance indicators like Installed Load Efficacy and Installed Load
Efficacy Ratio (ILER) come into play.

Today’s lecture teaches you how engineers judge lighting quality along with energy efficiency—a
critical skill in modern street-lighting projects.
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2. Core Concepts (= 40 minutes)

Installed Load Efficacy (ILE) — Quick Recall

Installed Load Efficacy tells us:
How effectively the installed electrical power is converted into useful illumination.

ILE Average Illuminance (lux)  Area (m*)
B Total Power (W)

Higher ILE = better energy performance

Target Installed Load Efficacy
Target ILE is the desired or standard value set by:

e Government guidelines
e Energy conservation standards
e Smart city project specifications

Purpose of target ILE:
To ensure lighting systems are not only bright but also energy-efficient.

Engineering logic:
If actual ILE < target ILE = system is inefficient
If actual ILE > target ILE = system is acceptable

Visual to draw:
Bar diagram showing Target ILE vs Actual ILE.

Installed Load Efficacy Ratio (ILER)

ILER compares actual performance with target performance.
ILER = Actual ILE / Target ILE

Interpretation:

® ILER <1 - Poor performance
e |LER =1 - Just acceptable
e ILER >1 - Good / efficient design
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Analogy:
ILER is like percentage score of lighting efficiency.

Reasons for Poor or High ILER
Reasons for Low ILER

Old or low-efficiency lamps
Excessive wattage selection
Improper pole spacing
Dirty luminaires

Poor maintenance

Reasons for High ILER

LED luminaires with high Im/W

Proper pole height and spacing

Correct illumination level (no over-design)
Regular cleaning and maintenance

Fun Fact:
Over-illumination reduces ILER even if visibility looks good.

Steps to Provide Energy Efficacy

Engineers improve energy efficacy by:

1. Replacing old lamps with high-efficacy LEDs
2. Optimizing pole spacing and height
3. Using proper luminaire optics
4. Avoiding unnecessary high lux levels
5. Regular maintenance of fixtures
Visual:

Flowchart: Old system = Improvement steps - Efficient system

Simple Case Study (Diploma Level)
Given:

e Average illuminance = 30 lux
® Area=1000m?
e Total power = 1200 W
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30 = 1000
ILE= ———=
1200

Target ILE = 30
25

ILER = — =10.83
30

Conclusion:
System is energy inefficient -> improvement required.

After LED replacement:

e Power reduced to 900 W

30 = 1000
New ILE = ———— = 33.3
900

New ILER =1.11

v System becomes energy efficient

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

In real projects:

e [LER is used in energy audits
e Payments in government projects depend on performance verification
e Smart cities aim for high ILER with lower power consumption

Industry trend:
Lighting contracts now focus on performance-based energy savings, not just installation.

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

Key Takeaways

v Target ILE defines expected efficiency

v ILER compares actual vs target

v Low ILER indicates wastage

v Energy efficacy depends on design + maintenance

Common Student Doubts
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e Does higher lux always improve ILER? X
e Can ILER be improved without changing lamps? v Sometimes

Mentorship Note (Career Tip)
Understanding ILER and energy efficacy prepares you for:

e Energy auditor roles
e Smart city and municipal projects
e Decision-making in real site conditions

Remember:

Future engineers are judged not by how much light they provide, but by how efficiently they
provide it.

Student Al ToolKit

A. Low-Level Prompts (Remember & Understand)

(Use these to build strong basics and revise before exams)

Explain the topic of street lighting in simple words suitable for a Diploma student.
Define the term illuminance and explain why it is important in lighting systems.

What is meant by luminous flux and luminous intensity? Explain with simple examples.
Explain the concept of lumen and lux and state their units clearly.

What is installed load efficacy? Explain its meaning and purpose.

Describe the basic objectives of a good street lighting system.

Explain the meaning of uniform illumination using everyday examples.

What is a lux meter? Explain its basic working and use.

o R R A N

Write short notes on energy efficiency in lighting systems.
10 Summarize the main points of street light design principles in bullet form.

B. Moderate-Level Prompts (Apply & Analyze)

(Use these to practice numericals, comparisons, and concept application)

1. Explain the difference between lumen, lux, and watt using a comparison table.
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Given basic lighting data, explain how average illuminance is calculated step by step.
Analyze how pole height affects illumination and spacing in street lighting.

Explain how installed load efficacy ratio (ILER) is used to judge lighting performance.
Compare a poorly designed lighting system with an energy-efficient one.

Explain how incorrect pole spacing can lead to poor lighting performance.

Describe the steps involved in estimating total power requirement of a lighting area.
Explain common reasons for low energy efficiency in street lighting installations.
Analyze how maintenance affects illumination levels over time.

. Solve a simple conceptual problem where lighting efficiency needs improvement and explain

the reasoning.

C. High-Level Prompts (Design & Create)

(Use these for distinction-level preparation and deep understanding)

1.

Design a basic workflow for planning an energy-efficient street lighting system from survey
to final testing.

Create a step-by-step method to improve lighting efficiency without increasing power
consumption.

Develop a logical checklist an engineer should follow while evaluating street lighting
performance.

Explain how an engineer can balance illumination quality, energy consumption, and safety in
street lighting design.

Create a simple case study showing how energy performance of a lighting system can be
improved and evaluated.

Learning Coach Tip for Students

Use Low-Level prompts for quick revision,
Moderate-Level prompts for exams and numericals,
High-Level prompts to think like an engineer, not just a student.

If you practice even 5 prompts daily, Unit-4 will become one of your strongest scoring units.

Remember:
Good engineers don’t memorize lighting systems — they design, test, and improve them.

Mastery Check
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1. Key Definitions / Glossary (15 Terms)

(One-line, Diploma-level, exam-friendly definitions)

1. Street Lighting — Illumination provided on roads and public areas for safety, visibility, and
traffic control.
2. Luminous Flux — Total quantity of light emitted by a source per second, measured in lumens.

3. Illuminance — Amount of light falling on a surface per unit area, measured in lux.

4. Luminous Intensity — Light emitted by a source in a particular direction, measured in
candela.

5. Luminous Efficacy — Ratio of light output to power input of a lamp, expressed in lumens per
watt.

Luminaire — Complete lighting fixture including lamp, reflector, and housing.
Ballast — A device used to control current in discharge lamps.

Lux Meter — Instrument used to measure illuminance at a point.

Uniform Illumination — Even distribution of light over an area without bright or dark
patches.

© N

10. Room Index — A factor used to determine light distribution based on area dimensions and
mounting height.

11. Installed Load — Total electrical power of all lamps installed in a lighting system.

12. Installed Load Efficacy (ILE) — Measure of how efficiently installed power produces
illumination.

13. Installed Load Efficacy Ratio (ILER) — Ratio of actual ILE to target ILE of a lighting
system.

14. Pole Spacing — Distance between two adjacent lighting poles.

15. Energy Efficiency — Ability of a lighting system to provide required illumination with
minimum power.

2. FAQ & Assessment Section

A. Multiple Choice Questions (20 MCQs)

Q1. Unit of luminous flux is:
a) Lux

b) Candela

¢) Lumen

d) Watt

Q2. Illuminance is defined as:
a) Light produced by source
b) Light falling on surface

¢) Electrical input power

d) Directional light output
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Q3. Instrument used to measure illuminance is:
a) Ammeter

b) Voltmeter

¢) Lux meter

d) Wattmeter

Q4. Luminous efficacy is expressed in:
a) Lux/W

b) Watt/lumen

¢) Lumen/W

d) Candela/m?

Q5. Which factor affects pole spacing the most?
a) Colour of lamp

b) Mounting height

¢) Supply voltage

d) Pole material

Q6. Unit of luminous intensity is:
a) Lux

b) Lumen

c¢) Candela

d) Watt

Q7. Main purpose of street lighting is:
a) Decoration

b) Energy saving

¢) Safety and visibility

d) Advertising

Q8. Uniform illumination helps in:
a) Increasing power loss

b) Reducing glare

¢) Increasing wattage

d) Increasing cost

Q0. Installed load refers to:
a) Load in use

b) Total rated power

c) Power loss

d) Maximum demand

Q10. ILER less than 1 indicates:
a) Efficient system

b) Over-illumination

¢) Poor performance

d) Ideal design

206 |Page




Q11. Which lamp characteristic improves energy efficiency?
a) Higher wattage

b) Higher efficacy

c) Larger size

d) Higher voltage

Q12. Purpose of correction factor in lux measurement is to:
a) Increase power

b) Improve accuracy

¢) Reduce illumination

d) Change units

Q13. Average illuminance is calculated by:
a) Maximum value

b) Minimum value

¢) Mean of readings

d) Rated value

Q14. Excessive pole spacing results in:
a) Better uniformity

b) Dark patches

c) Higher efficacy

d) Reduced cost

Q15. Main reason for low ILER is:
a) Good maintenance

b) Proper design

¢) Inefficient lamps

d) Correct spacing

Q16. Energy-efficient lighting mainly aims to:
a) Increase lux

b) Increase wattage

¢) Reduce power use

d) Increase glare

Q17. Which parameter decides brightness on road surface?
a) Luminous flux

b) [lluminance

¢) Power factor

d) Current

Q18. Room index depends on:
a) Lamp colour

b) Area dimensions

¢) Supply frequency

d) Wire size
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Q19. Total power of lighting system equals:
a) Voltage x Current

b) Area x Lux

¢) Number of lamps x wattage

d) Efficacy x lux

Q20. Best indicator of lighting energy performance is:
a) Lumen

b) Lux

c) ILE

d) Voltage

Answer Key (MCQs)

1-c, 2-b, 3-c, 4-¢, 5-b, 6-c, 7-c, 8-b, 9-b, 10-c,
11-b, 12-b, 13-c, 14-b, 15-c, 16-c, 17-b, 18-b, 19-¢, 20-¢

B. Short Answer / Viva Questions (10)

Define illuminance and state its unit.

Why is uniform illumination important in street lighting?
What is installed load efficacy and why is it used?
Explain the role of pole height in lighting design.

What is ILER and what does it indicate?

Why are multiple illumination points measured on a road?
State any two reasons for low lighting efficiency.

Explain how pole spacing affects illumination.

00N AW

What is the importance of energy-efficient street lighting?
10 Why is lux meter correction factor applied?

Examiner’s Tip for Students

v Learn definitions word-by-word
v Practice MCQs for speed and accuracy
v Use short answers for viva confidence

Digital Resource Library
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1. AI Tools & Digital Learning Tools

(These tools help you understand concepts faster, visualize designs, and practice logically. All are free
or easily accessible.)

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

Purpose / Use-case:
* Concept explanation, doubt solving, exam revision
* Creating summaries, examples, and step-by-step logic

How it helps this unit:

* Explains lighting terms like lux, lumen, efficacy, ILER in simple language
* Solves conceptual numericals stepwise

* Helps revise full Unit—4 before exams

2. Virtual Physics / Engineering Simulators (PhET-type simulators)

Purpose / Use-case:
* Visualizing light distribution and intensity
* Understanding illumination behavior

How it helps this unit:

* Visualizes how light spreads with distance

* Helps understand illumination concepts before calculations
* Builds intuition for laws of illumination

3. Online Lighting Calculation Tools (General Lux Calculators)

Purpose / Use-case:
« Basic illumination and area calculations

How it helps this unit:

* Helps practice lumen—lux relationship

* Verifies hand calculations done in class

* Improves confidence in numerical problems

4. Spreadsheet Tools (Excel / Google Sheets)

Purpose / Use-case:
* Tabular calculations and comparisons

209 |Page




How it helps this unit:

* Calculates average illuminance

» Compares installed load efficacy before & after improvement
* Useful for mini-projects and assignments

5. Diagram & Mind-Map Tools (Draw.io / PowerPoint / Whiteboard apps)

Purpose / Use-case:
*» Drawing layouts, flowcharts, and block diagrams

How it helps this unit:

* Create pole spacing diagrams

* Draw illumination measurement points
* Prepare neat answers for theory exams

2. Video Learning Repository

(Use these videos for concept clarity, revision, and visual understanding.
Search using the keywords exactly as given.)

Topic Name Recommended Channel / Search Keywords
Course / Lecturer Name

Introduction to Street NPTEL - Electrical Engineering  “NPTEL street lighting basics

Lighting diploma”

Photometric Quantities Engineering Explained India / “photometry lumen lux

(Lumen, Lux, Candela) Gate Academy candela explained”

Laws of Illumination NPTEL / Unacademy “laws of illumination
Engineering electrical engineering”

Lux Meter & Illumination Polytechnic Electrical Channels “lux meter working

Measurement illumination measurement”
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Street Light Design Basics SWAY AM Electrical Courses “street lighting design basics

diploma”
Energy Efficient Lighting NPTEL — Energy Conservation “energy efficient lighting
Systems systems lecture”

Installed Load Efficacy & Polytechnic / State Board Faculty  “installed load efficacy ILER

ILER Lectures street lighting”

Pole Height & Spacing Electrical Engineering Visual “street light pole spacing
Concept Lectures height”

[llumination Numerical Polytechnic Electrical Tutorials “illumination numericals
Problems diploma electrical”

LED Street Lighting Case Smart City / Government “LED street lighting case
Study Channels study India”

How Students Should Use This Library (Learning Coach
Adyvice)

Vv Before class: Watch 1 short video
Vv After class: Ask Al to explain doubts

v Before exams:
* Revise using Al summaries
* Practice numericals with spreadsheet tools

Smart students don’t study harder — they study smarter.

Predicted Question Bank
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1. Most Repeated / High-Probability Questions

Core Definitions & Short Answer Questions (2—5 Marks)

1. Define street lighting and explain its importance in urban and rural areas.

2. What is the “utilization factor” in lighting design? How is it different from the maintenance
factor?

3. Define Lumen, Lux, and Candlepower with their relationship in street lighting design.

4. What are the main types of street lamps used in public lighting? Give two examples.

5. Explain the meaning of pole height, spacing, and overhang in street lighting layout.

Explanatory / Descriptive Questions (5-10 Marks)
6. Explain the factors affecting the design of street lighting systems.

7. Describe the advantages and disadvantages of HPSV (High-Pressure Sodium Vapor) lamps
over Mercury Vapor lamps.

8. Explain the significance of uniformity ratio in street lighting and its impact on visibility.
9.Discuss the maintenance practices necessary to ensure efficient operation of street lighting.

10. Compare different street lighting arrangements: central, staggered, and single-side mounting.

Diagram-based / Conceptual Questions
11. Draw a neat diagram showing a single-side street light arrangement and label all
components.
12. Draw the pole spacing arrangement by lumen method and explain the formula used for
spacing calculation.
13. Hllustrate uniform and non-uniform street lighting patterns on a road and explain the
effects on visibility.
14. Draw the circuit diagram of a simple street lighting system including control gear and
switching arrangement.
15. Sketch a typical street lighting pole cross-section with lamp, bracket, and control wiring.

2. Application & Logical Thinking Questions (5 Questions)

Q1. A 50 m long road requires uniform street lighting using 150 W HPSV lamps. The recommended
illumination is 20 lux. Determine the number of lamps required and suggest a suitable pole
arrangement. Explain your reasoning.

Q2. In a residential area, the road width is 12 m, and streetlights are installed on one side. If the pole
height is 8 m and spacing is 24 m, evaluate whether the illumination uniformity will meet the standard
requirements. Suggest modifications if necessary.

Q3. During night-time operation, a streetlight system shows some dark patches and uneven lighting.
Identify the possible causes related to lamp selection, pole arrangement, or maintenance. Propose
corrective actions.
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Q4. Compare two streets: Street A uses mercury vapor lamps, and Street B uses LED streetlights.

Using your knowledge of electrical utilization and energy efficiency, analyze which system is more

cost-effective in the long term. Justify your answer.

Q5. A municipality plans to replace conventional streetlights with smart loT-controlled lamps. How
would knowledge of street lighting design principles help in planning pole locations, spacing, and
load distribution? Explain with logical steps.

Exam Preparation Tips for Students

Focus on definitions, key formulas, and concept sketches—these are frequently asked.
Pay attention to lamp types, advantages/disadvantages, and system parameters (pole
height, spacing, utilization factor).

Practice diagrams and layouts—they often carry marks independently.

Application questions differentiate high scorers from average students; use reasoning with
standard practices and logical calculations.

Revise maintenance and energy efficiency concepts as they are increasingly emphasized in
modern exams.

This predicted question bank aligns with:

Diploma exam pattern: short-answer, long-answer, diagram-based, and application
questions.

OBE outcomes: concept understanding, application skills, and analytical reasoning.
Employability skills: awareness of energy-efficient street lighting and modern technologies.
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Unit—5: Applications of Regenerative Braking

UNIT SNAPSHOT

Unit No.: 5

Unit Title: Applications of Regenerative Braking

Total Hours: 3 hours (Theory)

CO Mapping: CO4 — Applications of regenerative braking and capacitor for PF
improvement

e Bloom’s Target: Understand + Apply

STRUCTURED STUDY PLAN (Diploma-Level)

Topic Classification

e Core Concepts: Basic idea & mechanism of regenerative braking
e Supporting Concepts: Efficiency, energy recovery scenarios
e Application/Case Study Topics: Cars, trains/metros, EV scooters, buses, numerical savings

Detailed Topic Plan (OBE-Aligned)

Sr Topic & Subtopics Category Suggested Exam Practical /
(strictly as per syllabus) Lecture Importance Industrial
Time Relevance
1 Introduction to Core 0.5 hr D S S e Essential for all
Regenerative Braking « EV concepts

Principle of energy
recovery * Difference:
Mechanical vs Dynamic
vs Regenerative braking

2 Applications of Core + 1.0 hr Y % Kk Kk Direct link with
Regenerative Braking «  Application modern EV
Electric Cars « Electric industry,

Train / Metro * E-Bicycle upcoming jobs

/ E-Scooter ¢ Electric Bus

214 |Page




3 Case Study — Electric Application 0.5 hr 'S S @ SN
Car on Flat &
Descending Road ¢
Assume 50% & 75%
efficiency * Calculate
recovered energy °
Interpret battery savings

4 Case Study — Electric Application 0.5 hr D @ OGN
Train with Number of
Stops ¢ Energy returned
per stop * % saving vs
mechanical braking

5 Compare Energy Higher-Order 0.5 hr D © GG
Saving ¢ Car vs Train ° (Compare/Apply)
Effect of topography &
duty cycle

Total =3 Hours

Exam & Skill Weightage

Component Focus
Theory MCQ Definition, advantage, applications
Short Notes EVs using regenerative braking, significance

Numerical / Case  Based on 50%—75% efficiency saving

Viva/Assignment  Real-world examples + comparison

Expected Bloom Levels:

o Remember 20% — definition, uses
e Understand 40% — operation & energy flow
e Apply 40% — savings & comparisons

Lab & Experiential Integration

Matches GTU
practical PrO
(energy saving
estimation)

Strong
conceptual
grounding for
metro/rail
careers

Excellent for
viva + mini
assignments
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Paired Practical Outcomes (given by GTU):

e PrOS: Estimate energy saving in electric vehicle on flat/descending road
e Pr06: Estimate energy saving in train with no. of stops

Suggested Mini-Tasks:

e Analyze braking efficiency of e-bike owned by a student
e Prepare 1-page comparison of EVs with/without regen braking

Teaching Strategy — NEP & OBE Touch

Pedagogy Element Implementation
Concept First Explain why energy recovery is needed in electrification era
Demo / Videos Short NPTEL video on EV braking flow
Case-based Learning Mabhindra €20, Nexon EV regen modes, Indian metro
Micro Assignments 10—15 minute in-class energy recovery problem

Assessment for Learning Pre-& post-quiz under Google Form

Summary Table — One-Glance Teacher Planner

Topic Block Weight in Unit Core/Support/Application
Theory of regenerative braking Medium Core
EV applications High Application
Case study — car High Application
Case study — train High Application
Comparison & conclusion Medium Higher-order

Learning Outcomes (After Unit Completion)
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Students will be able to:

Explain the concept & necessity of regenerative braking
Identify systems where regen braking is feasible
Calculate energy savings under defined operating conditions

hPowbN-=

Compare braking efficiency across EV platforms

Mapped to CO4 v

5.1: Applications of Regenerative Braking

1. Hook / Introduction (=5 mins)

Imagine you are riding a bicycle downhill.
You naturally apply brakes to slow down.
But what happens to all that energy?

It gets wasted as heat.

Now imagine instead that your bicycle could capture that energy, store it in a battery, and use it later
to climb the next hill—

sounds cool, right?

This is regenerative braking.

“In today’s class, we move from conventional braking—where energy is lost—to intelligent
braking—where energy is recovered and reused. You are now entering the world of EV thinking.”

2. Core Concepts (=40 mins)

What is Regenerative Braking?

A braking method where:
e The electric motor reverses its role and works as a generator
e Vehicle slows down
e Kinetic energy converts to electrical energy
e Energy is stored in battery or supercapacitor
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Kinetic energy Generator mode  Electrical energy

Fig. 5.1.1: Kinetic Energy to Battery Storage

Compare with mechanical braking:

e Pads press wheel, energy wasted as heat
e No recovery
e Parts wear faster

Principle Behind the Tech

An electric motor obeys a simple rule:

e Supply current - motor produces torque - vehicle accelerates

e Shaft rotates motor - motor generates voltage - energy flows back

Simple analogy:
Like blowing into a ceiling fan makes the blades turn—reverse action.

Regenerative Braking in Different EV Platforms
1. Electric Cars (e.g., Tata Nexon EV, MG ZS EV)

Motor drives wheels

During braking, inverter changes power flow
Energy flows back to lithium battery
Dashboard often shows “regen level (%)”

_.@ﬁfﬁ
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Battery storage
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e Can improve driving range by 10-25%

Forward Drive

- a2

Reverse Energy Flow

Fig. 5.1.2: Flow of Energy in Vehicles
2. Electric Trains / Metros

Trains are heavy = huge kinetic energy

During braking motor pushes power back into overhead line (OHE)
Other trains on same line can reuse it

Modern metros (Delhi, Mumbai, Ahmedabad) save up to 30% energy

Fun fact:Delhi Metro recovers enough energy annually to power thousands of homes
3. E-Bicycles / E-Scooters

Light vehicles = less energy recovery

Motor hub switches to generator mode

Uses small lithium-ion battery

Often used in downbhill or stop-and-go traffic

Improves range by only 5—10%, but increases battery life
4. Electric Buses

Frequent stopping = ideal condition
City buses can recover 25-40% energy
Reduces heating of mechanical brake drums

Increases efficiency & reduces maintenance costs

Key note: Heavier, slow-moving vehicles benefit most.

3. Real—World / Industry Applications (=10 mins)

Where you directly see regen braking:

e Nexon EV / Tiago EV regen modes (Level 0-3)
e Delhi & Ahmedabad Metro trains
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e E-rickshaws brake and recharge while coasting
e BMTC, BEST, AMTS electric buses
e Regenerative stations feeding power back to the grid

Industry demands:

EV technicians

Battery management system engineers
Metro maintenance staff

Power electronics & traction engineers

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

Key Takeaways
e Regenerative braking converts braking energy into usable electricity
e Used widely in EVs: cars = scooters - trains = buses
e Larger, heavier vehicles = greater recovery
e Improves range, reduces brake wear, and saves energy

Typical Student Questions

® Does regen fully replace mechanical braking?

- No. Vehicles always have backup mechanical brakes.
e Can 100% energy be recovered?

- Impossible due to losses in motor, inverter & battery.

Mentorship Note

Mastering regenerative braking prepares you for the EV revolution!

Upcoming careers include EV maintenance, metro rail traction, power electronics
design, and battery technologies.

Projects like “DIY e-cycle with regenerative brake hub” or EV energy auditing are
fantastic portfolio builders.

5.2 Case Study Based Learning on Regenerative Braking

1. HOOK / INTRODUCTION (=~ 5 minutes)
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“What if your vehicle could recharge itself every time you stop at a traffic light?”

Unlike petrol cars—where every brake wastes fuel—electric vehicles earn back energy when they

brake.

Braking = Loss in fuel vehicles
Braking = Gain in electric vehicles

Today’s plan:

Apply real numbers

Compare flat road vs downhill

Compare few stops vs many stops

See how 50% vs 75% regen efficiency changes savings

Let students feel like energy detectives.

2. CORE CONCEPTS & CALCULATIONS (~ 40 minutes)

Key Formula

Kinetic Energy (KE) of a moving vehicle:

1
KE= -—mv?
2

Regenerative energy recovered:
Eregen = KE * 1

where 1 (eta) is system efficiency
(0.50 = 50%, 0.75 = 75%)

Case Study A: Electric Car — Flat Road Braking

Assume:
e Mass of car + passengers = 1200 kg
e Speed before braking = 50 km/h = 13.9 m/s
e Final speed =0
e Battery usable voltage: irrelevant for KE; we work only in Joules

Step 1: Compute kinetic energy
1 -
KE = 3" 1200 = (13.9)* =1.16 = 10° ] ~ 0.032 kWh

Step 2: Energy recovered
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o At 50% efficiency
EregenSO = 0.032 * 0.5 = 0.016 kWh
o At 75% efficiency
Ercgen7s = 0.032 * 0.75 = 0.024 kWh
Explain:

Every braking event gives back small energy, but a city trip includes dozens of stops, making
recovery meaningful.

Case Study B: Electric Car — Downhill (Descent)
Add gravitational potential:

mgh = 1200 * 9.81 * 50 = 5.886 * 10> J = 0.163 kWh

Total available energy:

Ewa = KE + mgh = 0.032 + 0.163 = 0.195 kWh

Recovered:

o 50% efficiency:
0.195%0.5=0.097 kWh

o 75% efficiency:
0.195%0.75=0.146 kWh

Ask: “Why more energy downhill?”
Because gravity adds free acceleration energy, which EVs reclaim instead of overheating brakes!

Case Study C: Electric Train — Braking with Stops
Assume:

Mass = 200,000 kg

Speed = 40 km/h = 11.1 m/s

Kinetic energy:

KE = 0.5 x 200000 x (11.1)> =1.2321 x 107 J = 3.42 kWh
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Recovery per stop:

e 50% - 1.71 kWh
® 75% - 2.56 kWh

Now multiply by number of stops:

Stops per trip 50% 75%

5 stops 8.5 kWh 12.8 kWh
10 stops 17.1 kWh  25.6 kWh
20 stops 342 kWh 51.2 kWh

Teach insight: Trains stop frequently - braking becomes fuel!

3. REAL-WORLD / INDUSTRIAL APPLICATIONS (~10 minutes)

Where this math matters:

Delhi Metro claims >30% total energy saved using regen
Mumbai Metro reduces electricity bills by crores
Electric buses cut brake maintenance

EV owners gain extra km/day “for free” in city driving
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Substation

Another Train

e ]

Train Energy Flow

Fig. 5.2.1: Depiction of Industrial Application

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

Takeaways
e Regen converts motion - electricity
e Efficiency matters — 75% nearly doubles savings vs 50%
e Downhill + frequent stops = best recovery
e Cars recover tens of Wh, trains recover KkWhs

Typical student doubts

e Can we always recover energy? - No, battery, inverter, and speed limits apply

o Do metros use batteries? - Mostly feed back into traction line, not batteries

Mentorship Note

EV case studies are a highway to future jobs. Understanding these calculations prepares you for:

Metro traction systems

EV motor & drive design

Battery energy management
Smart transport & mobility careers

“Today you calculated energy. Tomorrow, you’ll help India save it.”
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5.3 Comparing Regenerative Energy Savings

1. HOOK / INTRODUCTION (=5 minutes)

“Where do you think regenerative braking saves more energy—cars or trains?”
Ask students to close their eyes for a moment and imagine:

e An EV car driving through city traffic... stop-go-stop-go.
e A metro train stopping at each station smoothly.

Both vehicles recover energy while braking... but not equally.
Today we compare who wins and why — using simple maths and logic.

Car — Small mass + frequent small stops
Train — Huge mass + scheduled stops

2. CORE CONCEPTS (~40 minutes)

KEY IDEA

Energy recovered depends on three parameters:

1. Vehicle mass
2. Speed before braking
3. Frequency of braking
Plus efficiency of regenerative system (50% or 75%).

1

— _ 2,
Eregen - 2 mup- =* T]

Electric Car — Recap of Energy

From previous lecture:

e Mass: ~1200 kg

e Braking from 50 km/h

e Energy recovered per stop:
o 50% efficiency = 0.016 kWh
o 75% efficiency = 0.024 KkWh

Explain:

e Car braking events are small, because car mass is relatively small.
e Energy gain shows up as marginal range extension (maybe 1-2 km per commute)
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Electric Train — Recap of Energy

From earlier computation:

e Mass: ~200,000 kg

e Speed: ~40 km/h

e Energy recovered per stop:
o 50% - 1.71 kWh
o 75% - 2.56 kWh

Multiply by stops:

e 10stops - 17.1 kWh-25.6 kWh
o 20 stops - 34.2 kWh-51.2 kWh

Explain: Trains are massive, hence each stop captures huge kinetic energy.

Side-by-Side Comparison Table

Feature

Vehicle mass

Energy per stop

Stops per trip

Total recovered

Impact

Winner

Use analogy:

Electric Car

Low (1-1.5 tons)

0.02 kWh average

10—20 variable traffic

0.2-0.5 kWh

Small improvement in range

Train

Car regen = pocket money savings

Train regen = salary savings

Both matter — but scale differs greatly.

Electric Train

Very high (200+ tons)

2-3 kWh average

Fixed station schedule

20-50+ kWh

Major savings in grid energy

Clear winner

3. REAL-WORLD APPLICATIONS (=10 minutes)

Where comparison matters:
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Delhi Metro saves ~30% traction energy yearly

Ahmedabad metro trains feed power back for the next train

EV cars help extend battery life

Electric buses benefit most inside crowded city traffic

Hilly regions (Shimla, Ooty, Manali) return extra energy while descending

e s —
WHEEL MOTOR INVERTER OHE LINE POWER GRID  NEXT TRAIN
1 I |

e L ] I,r‘;
BATTERY TO GRID TO GRID

ELECTRIC CAR ELECTRIC TRAIN

Fig. 5.3.1: Conceptual System Diagram

Fun fact: In some cities, braking by one metro helps power escalators in the station!

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

Key Takeaways
e Both systems recover energy—but scale matters
e Train regens 100x more than car per braking event
e Efficiency improvement from 50% - 75% dramatically boosts savings
e Traffic, terrain, and stop frequency affect results
Quick Quiz Questions
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1. Why does mass matter so much in regen recovery?
2.  Which modes benefit more—highway or city?
3. Who benefits from shared regen — car or train?

Expected doubts:

® (Can cars feed power to grid? - Not yet commonly
e Are brakes eliminated? > No — mechanical brakes always required

Mentorship Note

Understanding such comparisons prepares you for:
v EV powertrain companies

v Metro traction control & SCADA

v Railways electrical departments

v Energy audit & conservation roles

“Engineers who measure energy are the ones who save it — and saving energy is the
engineering of the future.”

Student Al ToolKkit

A. Low-Level Prompts (Remember & Understand)

1. Explain regenerative braking in simple words with a short example.

2. Give me short definitions of mechanical braking, dynamic braking, and regenerative braking.
3. Explain why energy is lost as heat in traditional braking, using an easy example.

4. Describe how a motor acts like a generator during regenerative braking.

5. List the advantages of regenerative braking for electric vehicles.

6. Explain the difference between efficiency and energy recovery in one paragraph.

7. Summarize how regenerative braking works in electric cars in less than 100 words.

8. Explain how weight/mass of a vehicle affects energy saved during braking.

9. Write a short note on the role of batteries in regenerative braking systems.

10. Explain what is meant by “50% efficiency” and “75% efficiency” in regenerative braking.

B. Moderate-Level Prompts (Apply & Analyze)
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Calculate energy recovered when a 1000 kg vehicle stops from 40 km/h at 50% efficiency.
Show steps.
Compare regenerative braking in two-wheelers and electric buses in simple terms.

Explain why city traffic increases regenerative energy recovery compared to highway driving.
Analyze why electric trains recover more energy than cars while braking.

Give three real-life situations where regenerative braking saves noticeable energy.
Explain how downhill driving improves regenerative braking output.

Create a table comparing energy recovered at 50% vs 75% efficiency for any example you
choose.

Explain how frequent stopping of metro trains results in large energy savings over a day.
Describe what happens if the battery is full when regenerative braking tries to send energy

back.

10. Explain how regenerative braking can reduce maintenance cost of vehicles.

C. High-Level Prompts (Design & Create)

1.

Design a simple block diagram showing energy flow in a regenerative braking system and
explain each block.

Create a hypothetical city route and estimate energy saved by an electric car using
regenerative braking at 5 stop points.

Propose ideas for improving regenerative braking efficiency in future electric vehicles.
Explain how regenerative braking could be integrated into a smart transportation system of a
city.

Compare traditional braking systems and regenerative braking for long-term energy
sustainability and suggest which is better for public transport.

Student Coaching Tip

Copy—paste any prompt into your favourite Al tool
Read the response

If unclear, ask: “Explain again in simpler words”

Save good answers for exam revision

Try 1-2 prompts daily — your understanding will grow!

Mastery Check

1. Key Definitions / Glossary (15 Terms)
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1. Regenerative Braking — A braking technique where the motor works as a generator and converts
motion energy into electrical energy.

2. Kinetic Energy — Energy possessed by a moving body due to its motion.

3. Mechanical Braking — Conventional braking method where friction converts vehicle motion
energy into heat.

4. Dynamic Braking — Braking where the motor acts as a generator but energy is wasted in resistors
instead of being stored.

5. Efficiency (n) — Ratio of useful recovered energy to total available energy during braking.
6. Potential Energy — Stored energy due to height or elevation, useful during downhill motion.

7. Inverter — Electronic device that controls power flow between battery and motor in both drive and
regen modes.

8. Battery Pack — Storage unit that receives recovered energy during regenerative braking.

9. Traction Motor — Electric motor that drives the vehicle wheels and can generate power during
braking.

10. Energy Recovery — Process of capturing wasted energy and reusing it for propulsion.
11. Stop—Start Operation — Vehicle movement involving frequent braking, suitable for regeneration.

12. Regenerative Efficiency — Percentage of mechanical energy converted into useful electrical
energy.

13. Overhead Line (OHE) — Electric conductor system that supplies power to trains and accepts
regenerated power.

14. Deceleration — Reduction in speed; required phase for regenerative energy capture.

15. Specific Energy Consumption — Energy used per unit distance, improved by regenerative
braking.

2. FAQ & Assessment Section

A. Multiple Choice Questions (MCQs)

1. Regenerative braking converts Kinetic energy into:
a) Heat
b) Electrical energy
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c¢) Chemical energy
d) Light energy

2. In regenerative braking, the electric motor becomes a:
a) Heater

b) Generator

c) Battery

d) Resistor

3. Which braking method wastes energy as heat?
a) Regenerative

b) Mechanical

c¢) Grid braking

d) None

4. Best condition for regenerative braking is:
a) Constant speed

b) Downhill motion

c¢) Parked vehicle

d) Flat road without stops

5. Energy saved depends mainly on:
a) Colour of vehicle

b) Vehicle mass

¢) Shape of tire

d) Brake pad material

6. Efficiency refers to:

a) Total energy consumed

b) Fraction of energy recovered
c¢) Absolute motor torque

d) Wheel slip

7. Trains recover more energy than cars because they:
a) Travel faster

b) Are heavier and stop frequently

c) Use batteries only

d) Never use mechanical brakes

8. Energy recovery is highest in:
a) Desert highway driving

b) City stop-go traffic

c¢) Constant speed cruise

d) Engine braking

9. Which component stores recovered energy?
a) Air tank
b) Battery
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c) Exhaust system
d) Fuel tank

10. Conversion of electrical to mechanical motion is reversed during:
a) Acceleration

b) Regenerative braking

c) Parking

d) Charging from grid

11. If efficiency increases from 50% to 75%, energy recovery:
a) Decreases

b) Remains same

c¢) Increases

d) Vanishes

12. Dynamic braking differs from regenerative braking because:
a) Energy is wasted in resistors

b) Uses mechanical brakes

c¢) Heats coolant

d) Charges the battery

13. Potential energy helps energy recovery during:
a) Uphill motion

b) Downhill motion

c¢) Constant speed

d) Reversing

14. Regenerative braking reduces:
a) Vehicle mass

b) Fuel tank size

c¢) Brake wear

d) Wheel diameter

15. Stop frequency is highest in:
a) Metro trains

b) Long-haul trucks

¢) Airplanes

d) Ships

16. Electrical braking system efficiency is expressed as:
a) m/s

b) Percentage

¢) Kilograms

d) Ohms

17. The major source of energy in a moving vehicle is:
a) Specific energy
b) Battery leakage
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¢) Kinetic energy
d) Body vibration

18. A train stopping 20 times saves more energy than one stopping 5 times because:

a) It is longer

b) More braking events allow more regeneration
¢) It uses more fuel

d) Brakes are smaller

19. The recovered energy in an EV is used primarily to:
a) Play music

b) Power headlights

¢) Increase driving range

d) Reduce vehicle size

20. Which parameter does not directly affect regenerative braking?
a) Vehicle mass

b) Battery condition

c) Colour of paint

d) Braking frequency

Answer Key (MCQs)

1-b, 2-b, 3-b, 4-b, 5-b, 6-b, 7-b, 8-b, 9-b, 10-b,
11-c, 12-a, 13-b, 14-c, 15-a, 16-b, 17-c, 18-b, 19-c, 20-c

B. Short Answer / Viva Questions (10 Questions)

Explain in 2-3 sentences how regenerative braking works.
Why does regenerative braking suit city traffic more than highway driving?

Why does vehicle mass strongly influence energy recovery?
How does an electric motor change roles in regenerative braking?
Why do trains recover significantly more energy than cars?

What is meant by efficiency in regenerative braking systems?
What happens to recovered energy if the battery is already full?

o N Y A S

State any two advantages of regenerative braking besides energy saving.
10 Why is downhill braking considered a high-energy opportunity?

Examiner’s Tip for Students

Give two differences between mechanical braking and regenerative braking.
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Use this sheet to test yourself weekly.
If you can:

Vv explain every definition clearly

v score 15+/20 MCQs

v answer viva questions confidently

Digital Resource Library

1. AI Tools & Digital Learning Tools

Use these freely available or student-friendly tools to explore concepts beyond the textbook.

1. AI Chat Assistants (e.g., ChatGPT / Gemini)

Purpose: Explain concepts, generate summaries, solve numericals

Ask for simple explanations of regenerative braking

Request solved examples for efficiency and energy recovery
Generate practice questions for viva and exam prep

Perfect for: revision, clearing doubts, and concept reinforcement

2. PhET Interactive Simulations
Purpose: Physics-based online simulations

e Simulate energy conversion (mechanical = electrical = heat)
Visualize motion, work, force, slope, and energy bar charts
Ideal for: visual learners and basic kinetic energy understanding

Search: “PhET Energy Skate Park simulation”

3. Electric Vehicle Virtual Lab (IIT/NPTEL-based simulators)

Purpose: Explore EV drivetrain and braking concepts

234 |Page




See how power flows between motor and battery

Test braking in hill/flat conditions

Observe effect of speed and mass

Supports: application-level thinking and career readiness

Search: “EV virtual lab India / NPTEL EV simulation”

4. DC Motor & Generator Simulation Apps (Android/PC)

Purpose: Motor—generator mode demonstration

Rotate a motor virtually to generate voltage
Convert drive mode into braking mode
Connects theory: motor drives wheels - wheels drive motor

Search: “DC motor generator simulator app”

5. Microsoft Excel / Google Sheets

Purpose: Manual calculation + graphical visualization
Create tables of braking vs energy saved
Compare 50% vs 75% efficiency

Plot graphs of ‘Stops vs Energy Recovered’
Great for: Mini-projects, assignments, and logic-building

2. Video Learning Repository

Use these topics + search keywords to easily locate reliable Diploma-level videos.

Recommended Videos Table

Topic Name Recommended Channel / Search Keywords
Lecturer
Introduction to Regenerative NPTEL, IIT Professors NPTEL regenerative braking
Braking introduction
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Working of Motor as Generator

Regenerative Braking in Electric
Cars

Regenerative Braking in Metro
Trains

Case Study — Energy Recovery

Kinetic Energy & Potential
Energy Basics

Braking Types: Mechanical vs
Dynamic vs Regen

EV Power Flow and Inverter
Operation

Downhill & Stop—Start Example
Videos

Railway Traction + OHE
Interaction

Advantages & Limitations of
Regenerative Braking

Learn Engineering

Battery Electric Vehicle
Channels

Indian Railways / Delhi
Metro Insights

Science/EV Tech
Explainers

Khan Academy / Physics
Channels

Electrical Engineering
channels

EV / Power Electronics
Lectures

Automobile tech explainers

Indian Railways Tutorial

Student-focused
engineering channels

How to Use Video Library Effectively

v Watch 1-2 videos after each class
v Make a 5-point summary of every video
v Pause — draw diagrams — replay — re-check notes

v Use captions and playback speed (0.75x—1.25x) for clarity

v Pair with textbook + practical worksheets

Learn Engineering motor
generator explained

EV regenerative braking
explained for beginners

regenerative braking metro
train Delhi Mumbai

calculate energy recovered
electric vehicle braking

kinetic energy potential energy
basics

types of electrical braking
explained

electric vehicle inverter regen
power flow

regen braking downhill stop
start traffic

traction motor regenerative
braking OHE

pros and cons of regenerative
braking simple
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Predicted Question Bank

1. Most Repeated / High-Probability Questions

(Core definitions, explain-type, typical short/long descriptive questions)

A. Very Short & Short Answer Type (2—3 Marks)

Define regenerative braking.

Give any four advantages of regenerative braking.

State the difference between mechanical braking and regenerative braking.
Explain why regenerative braking is more effective in city driving conditions.
What is meant by “regenerative efficiency”?

State the role of inverter in regenerative braking.

Why does vehicle mass affect energy recovery in regenerative braking?

List any applications of regenerative braking in modern transportation systems.

I N S IS

What happens to regenerated energy during braking in an electric vehicle?
10 Explain the term stop—start operation in the context of regenerative braking.

B. Long Answer / Diagram / Case-Based (6—7 Marks)

1. Explain the principle and working of regenerative braking in an electric vehicle with neat
labeled block diagram.

Describe regenerative braking used in electric cars and electric scooters.

Explain the energy recovery mechanism in an electric train or metro system.

Compare regenerative braking in electric cars, trains, e-bikes, and electric buses.

Explain with suitable example how battery gets recharged while braking in EVs.

AN ol

Write note on the benefits of regenerative braking in reducing brake wear and energy

consumption.

Describe (with diagram) how traction motor behaves as a generator during braking.

Explain why downhill driving offers higher energy recovery using regenerative braking.

9. Describe the role of traction system (OHE and motor) during regenerative braking in electric
trains.

10. Explain the concept of specific energy consumption and how regenerative braking helps

reduce it.

2. Application & Logical Thinking Questions

(Scoring questions for 610 marks, require analytical reasoning)

1. A 1200 kg electric car decelerates from 60 km/h to rest.
(a) Calculate the available kinetic energy.
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(b) Estimate energy recovered at 50% and 75% efficiency.
Interpret the result clearly.
2. An electric train stops 15 times during a journey.
Assuming energy recovered per stop is 2 kWh, calculate total energy regained.
How does this impact traction energy cost?
Explain with reasoning.
3. Compare energy savings in:
(a) Electric car in city stop—start driving
(b) Metro train stopping at fixed stations
Mention three reasons why one saves more energy.
4. Explain why regenerative braking alone cannot stop a vehicle completely.
Suggest two real-world reasons and identify when mechanical brakes are necessary.
5. A car and a bus both brake from the same speed, but the bus recovers more energy.
Justify using concepts of mass, kinetic energy, and braking pattern.
Support the answer with formula or example.

How to Use This Question Bank

v Attempt all short answers for basic understanding

v Practice long answers with block diagrams

v Solve numerical questions step-by-step

v Use application questions to secure distinction marks
v Pair this with your Al Toolkit + Digital Resource Library

Mentor Tip

In exams, clarity + keywords + neat diagrams = high marks.
Master these questions and Unit 5 becomes a scoring topic!
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Unit-6: Reactive Power Compensation

Total Teaching Hours: 6
Syllabus Weightage: 13%
Relevant CO: CO—4 (Application of capacitor for power factor improvement)

1. Topic-wise Structured Study Plan

Sr.
No.

6.1

6.2

6.3

6.4

6.5

6.6

6.7

Topic (As per Syllabus)

Concept of Reactive
Power

Causes of Low Power
Factor

Advantages of Reactive
Power Management using
Capacitor

Methods of Reactive
Power Compensation:
Centralized, Individual &
Group Compensation

Capacitor Rating for
Power Factor
Improvement (Using
Standard Table &
Formula)

Capacitor Rating for Star
and Delta Connection

Case Study: Effect of
Power Factor on 3-Phase
Line Current and Copper
Losses

Nature of
Topic

Core
(Foundation)

Core
(Conceptual)

Core
(Conceptual)

Supporting +
Application

Core +
Numerical

Core +
Application

Application-
Oriented

Suggested
Lecture
Hours

1.0

0.75

0.75

1.25

0.75

0.75

Exam
Importance

High

High

High

Medium—
High

Very High

High

Medium

Practical /
Industry
Relevance

High

High

Very High

Very High

Very High

High

Very High
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6.8 Case Study: Effect of Application- 0.75 Medium
Power Factor on Cable Oriented
Size and Energy Saving

2. Logical Sequencing & Pedagogical Flow

Step 1 — Conceptual Foundation
Students begin by understanding:

e What reactive power is
e Why it is required in inductive loads (motors, transformers)
e Relationship between kW, kVAR, and kVA

This directly strengthens R & U levels of Bloom’s Taxonomy.

Step 2 — Problem Identification
Once the concept is clear, students explore:

e (Causes of low power factor in industrial and commercial installations
e Practical consequences: higher current, losses, penalties

Encourages real-world thinking and system awareness.

Step 3 — Solution Strategy
Students are then introduced to:

e (Capacitors as reactive power compensators
e Benefits such as loss reduction, capacity release, energy saving

Bridges theory with industry practice.

Step 4 — Application & Design Orientation
Focus shifts to:

e Types of compensation (centralized, individual, group)
e Seclection based on load pattern and economics

Builds decision-making skills, aligned with NEP-2020.

Very High
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Step 5 — Numerical & Case-Based Learning
Finally, students handle:

e Capacitor sizing using formulas and standard tables
e Star vs delta capacitor connections
e C(Case studies on current reduction, copper loss saving, cable size reduction

Targets Application (A) level, essential for exams and lab work
3. Core, Supporting & Application Topic Classification

Category Topics Included

Core Topics Reactive power concept, causes of low PF, benefits of capacitors,
capacitor sizing

Supporting Topics Types of compensation, star/delta capacitor connection
Application-Oriented Case studies on current, losses, cable size & energy saving
Topics

4. Alignment with OBE & NEP-2020

e Outcome-Based Education (OBE):
o Directly maps to CO—4
o Reinforced through numerical problems, case studies, and lab experiments
e NEP-2020 Compliance:
o Emphasis on practical relevance, energy efficiency, and industry needs
o Encourages analytical thinking and sustainable engineering practices

5. Teaching & Learning Tips (Mentor’s Note)

“Reactive Power Compensation is not just an exam topic—it is one of the first places
where students feel like real electrical engineers, solving cost, loss, and efficiency
problems that industries actually face.”

Faculty are encouraged to:

e Use phasor diagrams and power triangles
e Link theory with lab experiments on PF improvement
e Discuss real utility penalties and savings
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6.1: Reactive Power and Power Factor Improvement

1. Hook / Introduction (= 5 minutes)

“Why does an industry pay a penalty even when it is not consuming extra units of energy?”
This question often surprises students.

You already know from basic electrical engineering that power is measured in kilowatts (kW). But in
real electrical systems—especially those using motors, transformers, and fluorescent lighting—not all
supplied power is converted into useful work. Some power keeps moving back and forth between
the source and the load. This invisible but powerful component is called reactive power.

Today’s lecture will help you understand why reactive power exists, why low power factor is a
serious problem, and how capacitors act as a simple yet powerful solution. This topic directly
connects theory with real industrial cost-saving practices.

2. Core Concepts (= 40 minutes)

2.1 Concept of Reactive Power

In AC circuits, especially with inductive loads like motors and transformers, current does not remain
in phase with voltage.

e Active Power (P, in kW): Does useful work (running motors, lighting lamps)
e Reactive Power (Q, in KVAR): Required to establish magnetic fields but does not perform
useful work
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e Apparent Power (S, in kVA): Combination of both

Understanding the Power Triangle

Apparent Power (kVA)

Represented by the hypotenuse,
connecting the horizontal and
vertical sides.

Reactive Power (kVAR)

Represented by the vertical
side of the triangle.

Active Power (kW)

Represented by the horizontal
side of the triangle.

A NotebookLM

Fig. 6.1.1: Concept of Power Triangle

Reactive power flows to and fro, increasing current in the system without increasing output.

2.2 Power Factor and Causes of Low Power Factor
Power Factor (PF) is defined as:
PF =kW /KkVA = cos¢
A low power factor means more current is required for the same useful power.
Main causes of low power factor:

Induction motors operating at light load
Transformers under no-load or light-load conditions
Fluorescent lamps with choke ballast

Welding machines and induction furnaces

el

Fun Fact: In many industries, motors consume 60-70% of total electrical energy, making power
factor a critical parameter.

Effect of low PF:

Higher line current

Increased copper losses (I?R losses)
Voltage drop

Larger cable size

Penalty from electricity board
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2.3 Advantages of Reactive Power Management using Capacitor

Capacitors supply leading reactive power, which cancels the lagging reactive power of inductive
loads.

Advantages of capacitor compensation:

Improvement in power factor

Reduction in line current

Decrease in copper losses

Better voltage regulation

Release of system capacity

Reduction in electricity bill and penalties

AN T e

Capacitors act like energy banks, storing and releasing reactive energy locally instead of drawing it
from the supply.

Visualising Power Factor Correction

State 1: Before Capacitor State 2: After Capacitor
N/ <
> 4
QO*“ 4 ; @ — §
3 2 =
Ry 4 3 =
2 ‘?/ a )
v 2 3
Large 8 o
Phase Angle & ngﬁ;ﬁ;gt: i ¢ Smaller %
J- (Adding a Capacitor) Phase Angle g
p————— Real Power (kW) ———— F———— Real Power (kW) ———
Large Reactive Large Phase Reduced Reactive Smaller Phase
Power Side Angle (¢) Power Side Angle ($)
The vertical side of the triangle A wider angle indicates a The vertical side of the triangle The angle decreases as
is at its maximum height. less efficient power factor. is noticeably shorter. the system moves closer
to peak efficiency.
A NotebookLM

Fig. 6.1.2: Effect of Capacitor on Power Factor

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

Industrial plants use capacitor banks at HT and LT panels

Distribution companies insist on PF > 0.9

Automatic Power Factor Correction (APFC) panels switch capacitors ON/OFF based on
load

e Commercial buildings (malls, hospitals) use capacitors to reduce demand charges
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Daily-life analogy:
Think of reactive power like “extra weight” carried unnecessarily. Capacitors help remove this extra
load from the supply system.

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

Key Takeaways
e Reactive power is essential but must be controlled
e Low power factor increases losses and cost
e (Capacitors are the simplest and most economical solution
e Power factor improvement directly improves efficiency and savings

Typical Student Doubts

e Does reactive power consume energy? = No, but it increases losses
e Why only capacitors? - Because they supply leading reactive power

Mentorship Note (Career-Oriented Tip)

Mastering reactive power concepts prepares you for industrial electrical design,
energy auditing, power system studies, and utility-related jobs. In real industries,
engineers who can calculate savings due to PF improvement are highly valued. This
topic also forms the foundation for APFC panels, smart grids, and energy
management systems.

Remember: An engineer who controls reactive power controls efficiency, cost, and reliability.

6.2: Methods of Reactive Power Compensation

1. Hook / Introduction (= 5 minutes)

“If capacitors improve power factor, where should we connect them?”
At the substation? Near each motor? Or somewhere in between?

Imagine a hostel where one water tank supplies all rooms. If water pressure is low, should we install
one big pump at the entrance, or small pumps near each floor?

Reactive power compensation works in a similar way. The location of the capacitor decides how
effective the compensation will be.

In the previous lecture, we learned why power factor needs improvement. Today, we will learn how
and where to do it using three practical methods widely used in industry.
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2. Core Concepts (= 40 minutes)

Reactive power compensation using capacitors can be classified into:

1. Centralized Compensation
2. Individual Compensation
3. Group Compensation

Let us understand each step-by-step.

2.1 Centralized Compensation

In centralized compensation, a capacitor bank is installed at the main LT panel, HT panel, or
substation.

Working idea:
One large capacitor bank supplies reactive power for the entire plant or building.

Fig. 6.2.1: Centralized Compensation using Capacitor Bank
Advantages:

e Simple installation
e Easy maintenance
e Economical for small industries

Limitations:

e Reactive current still flows through cables
e Less effective for varying loads

Suitable when load pattern is almost constant.

2.2 Individual Compensation

In individual compensation, capacitors are connected directly across each inductive load, usually
motors.

Working idea:
Each motor gets its own capacitor to supply its reactive power requirement locally.

Advantages:
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e Best power factor improvement
e Minimum line current
e Reduced losses and voltage drop

Limitations:

e Higher initial cost
e Maintenance for many capacitors

Fun Fact: Large motors (above 10 HP) often use individual compensation in industries.

2.3 Group Compensation

In group compensation, a single capacitor bank is connected to a group of loads operating
together.

Working idea:
Instead of one capacitor per motor, a group of motors shares one capacitor bank.

Fig. 6.2.2: Capacitor Bank Connected to Three Phase Motr
Advantages:

e Balanced solution between cost and performance
e Less equipment compared to individual compensation

Limitations:
e Slightly less effective than individual method

Commonly used in workshops and production lines.

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

o Centralized compensation:

Shopping malls, hospitals, small factories
e Individual compensation:

Large pumps, compressors, conveyor motors
e Group compensation:

Machine shops, textile units

Modern industries use APFC (Automatic Power Factor Correction) panels, which automatically
switch capacitor banks ON/OFF based on load.
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Electricity boards prefer PF > 0.9, and penalties apply if it falls below this value.

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

Quick Revision Points

o C(Centralized: One location, low cost
e Individual: Best performance, higher cost
e Group: Balanced approach

Typical Student Questions

e Which method is best? - Depends on load type and size
e Can methods be combined? - Yes, in large plants

Mentorship Note (Career-Oriented Tip)

Understanding compensation methods is essential for industrial electrical
maintenance, energy auditing, and power system design. Engineers who can select
the correct compensation strategy help industries save lakhs of rupees annually. This
topic is directly useful in APFC panel design, site commissioning, and utility-level
jobs.

Remember: Smart compensation is not about adding capacitors—it's about placing them

correctly.

6.3: Capacitor Rating for Power Factor Improvement

1. Hook / Introduction (= 5 minutes)

“If a factory improves its power factor from 0.75 to 0.95, how many capacitors are required—and
how do we decide their rating?”

This is not a theoretical question. This is exactly what industrial electrical engineers and
maintenance supervisors calculate in real life. In the previous lectures, we learned why power
factor must be improved and where capacitors can be connected. Today, we answer the most practical
question:

How much capacitance (kVAR) is actually required?
By the end of this lecture, you should be able to calculate capacitor rating confidently using both

formula and standard tables, just like an industry engineer.
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2. Core Concepts (= 40 minutes)

2.1 Understanding the Requirement

When power factor is low, the load draws excess reactive power (kVAR) from the supply.
Our goal is to supply this reactive power locally using capacitors.

Capacitor rating is always expressed in kVAR, not in microfarads for power applications.

2.2 Capacitor Rating Using Formula Method
The most commonly used formula is:
Qc=P(tandl-tand2)

P = Active power in kW

¢1 = Angle corresponding to initial power factor
92 = Angle corresponding to desired power factor
Capacitor kVAR = difference between Qi and Q:

BEFORE

CAPACITOR kVAR =
Q1 > Qz

Fig. 6.3.1: Effect of Capacitor kVAR
Step-by-step approach (exam friendly):

1. Note given kW and initial PF
2. Find @1 = cos™'(PF1)
3. Find ¢z = cos™!(PF>)

!

AFTER
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4. Calculate tang: and tang:
5. Substitute in formula

Fun Fact: Most exam mistakes happen due to calculator angle errors, not concept errors.

2.3 Capacitor Rating Using Standard Table

In industry, engineers often use standard power factor improvement tables to save time.

These tables give kVAR required per kW for improving PF from a given initial value to a final

value (usually 0.9 or 0.95).
How to use the table:

Locate initial PF (e.g., 0.7)
Locate desired PF (e.g., 0.95)
Read kVAR/kW value from table
Multiply by total kW load

sl S

Qc=(kVAR per kW)xP
Why tables are popular in industry:

e Fast calculation
e Fewer chances of error
e Ideal for field engineers

Current Power
Factor

0.60

Target Power
Factor

0.90

POWER FACTOR CORRECTION TABLE

kVAR of Capacitor
Reguired per 100 HP

35.5

0.81

0.92

354

0.60

0:93

225

0.81

0.94

19.7

0.80

0.95

15.8

0.85

0.96

15:5

0.60

:
g
|
g
§

0197

173

0.95

0.95

13.4

0.60

0198

12.0

0.95

0.90

67

Fig. 6.3.2: Table for Required kVAR rating

2.4 Choosing Standard Capacitor Sizes
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Capacitors are available in standard ratings like:
e 5kVAR, 10kVAR, 25 kVAR, 50 kVAR, etc.
Engineers always select the nearest higher standard value, not the exact calculated value.

Over-compensation (leading PF) should be avoided.

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

Factories: Capacitor banks designed using PF tables
APFC panels: Use step-wise kVAR selection
Electricity boards: Inspect PF improvement calculations

Energy audits: Savings calculated using capacitor rating
Daily-life analogy:

Just like buying a water tank slightly bigger than requirement, capacitor rating is chosen safely above
calculated value.

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

Key Takeaways
e Capacitor rating is calculated in kVAR
e Formula method is important for exams
e Table method is widely used in industry
e Always choose standard capacitor ratings

Common Student Doubts

e Why not exact kVAR value? = Standard sizes only
e Is higher PF always better? - No, avoid leading PF

Mentorship Note (Career-Oriented Tip)

This topic is a core skill for industrial electricians, diploma engineers, and energy
auditors. If you master capacitor sizing, you can contribute directly to cost reduction,
energy saving, and power quality improvement. Many engineers get their first
industry recognition by successfully implementing a power factor improvement
project.

Remember: Calculating capacitor rating turns theory into money-saving engineering.
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6.4: Effect of Power Factor on Three-Phase Line Current and
Copper Losses (Case Study)

1. Hook / Introduction (= 5 minutes)

“If two factories consume the same power in kW, why does one pay higher losses and demand
charges?”

This question often comes from industry visits. The surprising answer is power factor.
Today’s lecture will clearly demonstrate—using a realistic case study—how power factor directly
affects three-phase line current and copper losses, even when the useful power remains the same.

By the end of this class, you will see with numbers why improving power factor is one of the
smartest cost-saving decisions in electrical systems.

2. Core Concepts (= 40 minutes)

2.1 Relationship between Power, Current and Power Factor

For a balanced three-phase system:

P = 3V, I, cos®

Where:
e (P)= Active power (kW)
e (V)= Line voltage (V)
® (I;)=Line current (A)
® (cos®)=Power factor

Key idea:
For constant power and voltage, current is inversely proportional to power factor.

2.2 Case Study — Effect on Line Current
Given:

e Load power =50 kW
e Line voltage =415V
o (ase-1: Power factor = 0.75
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e (Case-2: Power factor improved to 0.95

Case-1: Line current at PF = 0.75

50,000
V3 * 415 = 0.75

1=

Case-2: Line current at PF = 0.95

50,000
~ 3415 + 0.95

I2
Observation:

o (I11>12)
e Improving PF significantly reduces line current

2.3 Effect on Copper Losses
Copper loss in a three-phase system:

Copper Loss =3 R

Since losses depend on square of current, even a small reduction in current leads to large loss

reductio
I
Loss Ratio = (1—1)2
2

Important insight:
Improving power factor:

e Reduces current
e Reduces losses exponentially
e Improves efficiency

Fun Fact:

Reducing current by 20% reduces copper loss by nearly 36%.

2.4 Conceptual Understanding (Analogy)
Think of electricity like water in a pipe:

e Useful power = water reaching tank
e Reactive power = water oscillating in pipe

® Low PF =more water flow for same output - more friction loss
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Capacitors reduce unnecessary back-and-forth flow.

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

Industries: Lower copper losses mean less heating and longer cable life
Utilities: Reduced current frees transformer and feeder capacity

Energy audits: PF improvement projects justified using loss calculations
Cable sizing: Lower current allows smaller conductor size

Electricity boards encourage PF improvement because it reduces system losses across the
grid.

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

Low PF increases line current

Copper losses depend on (I"2)

PF improvement reduces losses significantly
Same KW # same system stress

Common Student Questions

e Does PFimprovement save energy units?
-> Indirectly, by reducing losses

® Isloss reduction always noticeable?
- Yes, especially in large systems

Mentorship Note (Career-Oriented Tip)

This case study is extremely valuable for industrial maintenance engineers, power
system technicians, and energy auditors. Engineers who can clearly quantify current
and loss reduction gain strong credibility during audits, inspections, and project
approvals. Mastering this topic prepares you for cost-saving proposals, utility
interactions, and real-world engineering decisions.

Remember: Engineers don't just supply power—they optimize it.
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6.5: Capacitor Rating for Star and Delta Connection

1. Hook / Introduction (= 5 minutes)

“If the same capacitor is connected in star and in delta, will it give the same power factor
improvement?”’

Most students assume the answer is yes—but in reality, the connection decides the reactive power
delivered.

In industries, a wrong choice between star and delta connection can lead to under-compensation or
over-compensation, penalties, and equipment stress.

Today’s lecture will help you understand, calculate, and correctly select capacitor ratings for star
and delta connections—a must-know skill for any practicing electrical engineer.

2. Core Concepts (= 40 minutes)

2.1 Review of Three-Phase Capacitor Banks
In three-phase systems, capacitors are connected either:

e In Star (Y) connection
e In Delta (A) connection

Capacitor rating is specified in kVAR, but the voltage across each capacitor depends on the type of
connection.

2.2 Capacitor Rating in Star Connection
In star connection:

e FEach capacitor is connected between line and neutral

e Voltage across each capacitor = Phase voltage (V, = V.. //3)

Reactive power per phase:
Total reactive power:

Qtotal =3 % Qph

Key feature:
Lower voltage across each capacitor — lower kVAR output

Fig. 6.5.1: Star Connection of Capacitors
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Advantages:

e Suitable for high-voltage systems
e Lower stress on capacitor insulation

Limitation:

e Less reactive power for same capacitor value

2.3 Capacitor Rating in Delta Connection
In delta connection:

e FEach capacitor is connected across line-to-line
e Voltage across each capacitor = Line voltage (VL)

Reactive power per phase:

Total reactive power:
Qtotal = 3 * Qph

Important Result:
Q4=3*"QY

L1

L2

L3

Fig. 6.5.2: Delta Connection of Capacitors
Advantages:

e Higher kVAR output
e Widely used in LT capacitor banks
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Limitation:
e Higher voltage stress

Fun Fact: Most industrial capacitor banks are connected in delta due to higher reactive power
delivery.

2.4 Practical Calculation Insight
If total required compensation is Q kVAR:

e Star connection:

Each capacitor rating = Q / 3 at phase voltage
e Delta connection:

Each capacitor rating = Q / 3 at line voltage

Exam Tip:
Always mention connection type and voltage rating clearly.

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

LT panels: Delta-connected capacitor banks

HT substations: Star-connected capacitors with neutral grounding
APFC panels: Step-wise delta capacitor banks

Motor terminals: Delta capacitors for large motors

Choosing the correct connection:

e Avoids over-compensation
e Improves capacitor life
e Ensures utility compliance

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

Key Takeaways
e Capacitor kVAR depends on connection type
e Delta delivers 3 times reactive power compared to star
e Star - lower voltage, safer
e Delta - higher kVAR, commonly used

Typical Student Doubts
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e (Can star and delta be mixed? - Yes, in large systems
e Which is better? - Depends on voltage and kVAR requirement

Mentorship Note (Career-Oriented Tip)

Mastery of star and delta capacitor calculations is essential for industrial panel design,
commissioning, and troubleshooting. Engineers who understand these connections
avoid costly mistakes during APFC installation and audits. This topic is frequently
tested in interviews, site work, and diploma examinations.

Remember: Correct connection turns capacitors into powerful efficiency tools.

6.6: Effect of Power Factor on Cable Size and Energy Saving
(Case Study)

1. Hook / Introduction (= 5 minutes)

“Why do two factories with the same load rating use different cable sizes?”

During industrial visits, students often notice that some panels use thicker, costlier cables, while
others don’t—despite having similar connected loads. The hidden reason is power factor.

Today’s lecture will demonstrate, through a practical case study, how power factor directly affects
cable size selection and leads to long-term energy savings. This topic connects classroom theory
with real engineering economics.

2. Core Concepts (= 40 minutes)
2.1 Power, Current and Cable Size Relationship
For a three-phase system:
P =43 V, I, cos®
For fixed power and voltage:

e Lower power factor = Higher current
e Higher current -> Larger cable cross-sectional area
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Key principle:
Cabile size is decided by current, not by kW alone.

2.2 Case Study — Effect on Cable Current

Given:
e [Load=75kW
e Line voltage =415V
e Operating hours = 4000 h/year
e C(Case-1: PF=0.7
e (Case—2: PF improved to 0.95

Current at PF =0.7

50,000

I, = ————
L /34415407
Current at PF = 0.95

50,000
V3 * 415 = 0.95

2 =

Observation:

e (I 1)is significantly higher
e PF improvement reduces current by 20-30%

2.3 Effect on Cable Size Selection
Higher current requires:

e Larger conductor cross-section
e Higher insulation rating
e Higher cost

For example:

e Atlow PF - 120 mm? aluminum cable
e At high PF - 70 mm? aluminum cable

Cost saving:

e Reduced copper/aluminum cost
e Easier installation
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Fun Fact: Cable cost can contribute up to 30—40% of total electrical installation cost.

2.4 Energy Saving Due to Reduced Losses
Power loss in cables:

Pioss = 3 *I°R
When current reduces:

e [ osses reduce proportionally to square of current
e Annual energy saving:

Esaving = (Piossi - Pioss2) * Operating Hours

Reducing Heat Loss with Power Factor Correction

Before Correction | ; ‘ After Correction

(Low Power Factor) (Improved Power Factor)

High
Current Flow §

A low power factor requires
more current to deliver the
same amount of power.

Significant
Heat Loss

This high current generates
substantial resistive heat (IR
losses) in the feeder cables.

Y§

Fig. 6.6.1: Effect of Power Factor Correction on Heat Loss

Reduced
Current Flow

Improving the power factor
lowers the total current needed
for the same power output.

Minimized
Heat Loss

Less current results in lower
resistive heat loss, improving
overall system efficiency.

A NotebooklM

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

Industrial design: PF considered before cable sizing
Energy audits: Savings justified using loss reduction
Utility networks: Lower current improves feeder capacity
Renewable plants: PF control reduces infrastructure cost

Many industries recover capacitor investment within 1-2 years through cable and loss

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

Key Takeaways
e Power factor directly affects line current
e (Cable size depends on current, not kW
e PF improvement reduces cable cost and losses
e Energy saving continues throughout system life

Common Student Questions

e Can cable size be reduced later? - Usually no, PF must be planned early
® Is PFimprovement always economical? = Yes for medium and large loads

Mentorship Note (Career-Oriented Tip)

This case study is highly valuable for design engineers, site supervisors, and energy
auditors. Engineers who understand the link between power factor, cable sizing, and
life-cycle cost are trusted for project estimation, approval, and optimization. This
knowledge is especially useful in industrial electrification, solar plants, and EV
infrastructure projects.

Remember: Smart engineers don't just supply power—they design efficient systems.

Student Al ToolKkit

A. Low-Level Prompts (Remember & Understand)

(10 prompts — for concepts, definitions, and clarity)

[

“Explain the concept of reactive power in simple words, using an everyday-life example

suitable for a Diploma student.”

2. “What is power factor? Explain its meaning, formula, and importance in AC electrical
systems.”

3. “List the main causes of low power factor in electrical installations and explain each briefly.”

4. “Differentiate between active power, reactive power, and apparent power in a clear tabular
form.”

5. “Explain why inductive loads require reactive power and how this affects the supply system.”

6. “What problems occur in an electrical system when power factor is low? Explain with
points.”

7. “Explain how a capacitor helps in power factor improvement using simple language and a

neat concept explanation.”
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“Describe the power triangle and explain what each side represents.”
“Write short notes on advantages of power factor improvement for industries and utilities.”

. “Summarize the entire concept of reactive power compensation in not more than 10 bullet

points.”

B. Moderate-Level Prompts (Apply & Analyze)

(10 prompts — for numericals, comparison, reasoning, and exam practice)

1.

10.

“Given a three-phase load with known kW and power factor, explain step-by-step how to
calculate line current.”

“Compare centralized, individual, and group reactive power compensation methods with
advantages, limitations, and suitable applications.”

“Analyze how improving power factor affects line current and copper losses in a three-phase
system.”

“Explain the procedure to calculate capacitor rating for power factor improvement using
formula method, with one solved example.”

“Explain how standard power factor correction tables are used in practical engineering
calculations.”

“Compare star and delta capacitor connections in terms of voltage, reactive power output, and
practical usage.”

“Analyze a case where power factor improvement reduces cable size requirement. Explain the
reasoning clearly.”

“Explain why copper losses reduce significantly when power factor is improved, even if kW
remains constant.”

“Identify common mistakes students make while solving power factor improvement
numericals and explain how to avoid them.”

“Explain how power factor improvement leads to indirect energy savings, even though
reactive power does not consume energy.”

C. High-Level Prompts (Design & Create)

(5 prompts — for distinction-level thinking, design, and system understanding)

1.

“Design a logical step-by-step workflow to improve power factor in an industrial electrical
system.”

“Create a case-study-based explanation showing how power factor improvement impacts
current, losses, cable size, and cost.”

“Develop an exam-oriented strategy to solve any numerical problem related to reactive power
compensation.”

262 |Page




“Design a conceptual layout for reactive power compensation in a three-phase system and
justify the chosen method.”

“Create a revision checklist or mind map for Unit—6 that a Diploma student can use one day
before the exam.”

Student Coaching Tip

Use Low-Level prompts when learning a topic for the first time, Moderate-Level prompts

while solving numericals and preparing for exams, and High-Level prompts if you are aiming

for distinction or interviews.

Mastery Check

1. Key Definitions / Glossary (15 Terms)

(One-line, Diploma-level, exam-focused definitions)

1.

10.

Reactive Power (kVAR): Power that oscillates between source and load to establish electric
and magnetic fields but does not do useful work.

Active Power (kW): Power that is actually converted into useful work like motion, heat, or
light.

Apparent Power (kVA): The product of supply voltage and current, representing total power
supplied.

Power Factor (PF): Ratio of active power to apparent power, indicating efficiency of power
usage.

Low Power Factor: Condition where current is high for the same kW load due to excess
reactive power.

Inductive Load: Electrical load that consumes reactive power, such as motors and
transformers.

Capacitor: A device that supplies leading reactive power to compensate lagging reactive
power.

Reactive Power Compensation: Method of reducing reactive power drawn from supply
using capacitors.

Centralized Compensation: Power factor improvement using a capacitor bank at the main
distribution point.

Individual Compensation: Power factor improvement by connecting capacitors directly
across each load.
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11. Group Compensation: Power factor improvement for a group of loads using a common
capacitor bank.

12. Copper Losses: Power losses in conductors due to current flow, proportional to square of
current.

13. Line Current: Current flowing through transmission or distribution lines supplying a load.

14. Star (Y) Connection: Three-phase connection where one end of each phase is connected to a
common point.

15. Delta (A) Connection: Three-phase connection where phases are connected in a closed loop.

2. FAQ & Assessment Section

A. Multiple Choice Questions (MCQs)

(20 questions — conceptual + application based)

1. Reactive power is measured in:

A)kW B)kVA C)kVAR D) Joule
2. Power factor is defined as the ratio of:

A)kVA/KW B)kW/kVA C)kVAR/KW D) Voltage/Current
3. Which load mainly causes low power factor?

A) Resistive B) Capacitive C) Inductive D) Electronic
4. Low power factor results in:

A) Reduced current

B) Increased line current

C) Reduced losses

D) Improved efficiency
5. Which device is used to improve lagging power factor?

A) Inductor B) Resistor C) Capacitor D) Transformer
6. In centralized compensation, capacitors are installed at:

A) Each load

B) Distribution board

C) Main supply panel

D) Motor terminals
7. Individual compensation is most suitable for:

A) Lighting loads

B) Large motors

C) Residential loads

D) Small appliances
8. Power factor improvement mainly reduces:

A) Voltage

B) Frequency

C) Current

D) Resistance
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10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

Copper losses are proportional to:

A)I B)? C)Vv* D)R?

In a three—phase system, active power is given by:
A) VIL B)+3VIL C)+3VILcosd¢ D) VIL cosd
Improving power factor from 0.7 to 0.95 will:

A) Increase current

B) Increase losses

C) Reduce current

D) Increase kVAR demand

Capacitor rating for power factor correction is expressed in:
A)kW B)kVA C)kVAR D) pF only

In star-connected capacitors, voltage across each capacitor is:
A) Line voltage

B) Phase voltage

C) Zero

D) Double line voltage

Delta-connected capacitors provide  reactive power compared to star for same value.
A) Equal

B) Half

C) One-third

D) Three times

Group compensation is generally used in:

A) Individual houses

B) Workshops

C) Power plants

D) Street lighting poles

Poor power factor causes penalty because it:

A) Increases kWh consumption

B) Increases current and losses

C) Reduces voltage

D) Increases frequency

Improving power factor helps in:

A) Reducing cable size

B) Increasing insulation

C) Increasing resistance

D) Increasing losses

Apparent power increases mainly due to:

A) Active power

B) Reactive power

C) Voltage

D) Frequency

Leading power factor is caused by:

A) Inductive load

B) Resistive load

C) Capacitive load

D) Mechanical load
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20. Main purpose of reactive power compensation is to:
A) Increase voltage
B) Reduce frequency
C) Improve efficiency
D) Increase load

Answer Key (MCQs)

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

B. Short Answer / Viva Questions (10 Questions)

Define reactive power and explain its necessity in AC systems.
Why does low power factor increase line current?

State two disadvantages of low power factor.

How does a capacitor improve power factor?

Differentiate between centralized and individual compensation.
Why are copper losses reduced after power factor improvement?
Explain the effect of power factor on cable size selection.

Why is delta connection preferred for LT capacitor banks?
What is the relation between power factor and efficiency?

I R I N

10 Why do electricity boards insist on maintaining high power factor?

Examiner’s Tip for Students

If you can clearly explain why current increases at low power factor and how
capacitors reduce losses, you are already prepared for most theory questions,
numericals, and viva discussions in this unit.

Digital Resource Library

1. Al Tools & Digital Learning Tools

(Free or easily accessible, student-friendly)

1. AI Chat Assistants (e.g., ChatGPT / Gemini)
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Purpose / Use-case:
e Concept clarification, summaries, step-by-step numerical solving
How it helps in this unit:

e Explain reactive power and power factor in simple language
e Solve PF improvement numericals step-by-step
e (enerate viva answers, revision notes, and comparisons (star vs delta)

2. Virtual Power System Simulators (e.g., Circuit Simulation Apps / Web-
based Simulators)

Purpose / Use-case:
e Simulate AC circuits with inductive loads and capacitors
How it helps in this unit:

e Visualize effect of capacitor connection on current and power factor
e Observe change in current when PF improves
e Strengthens understanding beyond formula learning

3. Virtual Labs — Electrical Engineering (Government / Academic Virtual
Labs)

Purpose / Use-case:
e Perform experiments virtually related to power factor improvement
How it helps in this unit:

e Simulate PF improvement using capacitors
e Observe readings of voltage, current, power, and PF
e Useful for students with limited lab access

4. Online Power Factor & KkVAR Calculators

Purpose / Use-case:
e Quick calculation of capacitor rating

How it helps in this unit:
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e Verify manual numerical answers
e Understand relation between kW, PF, and kVAR
e Builds confidence in exam calculations

5. Concept Visualization & Diagram Tools (Whiteboard / Drawing Apps)

Purpose / Use-case:
e Drawing power triangles, star—delta diagrams
How it helps in this unit:

e Practice neat diagrams for exams
e Visualize current, voltage, and reactive power flow
e Helpful for slow learners and visual thinkers

2. Video Learning Repository
(Search-friendly, Diploma-level, exam-oriented)
Topic Name Recommended

Channel / Course /
Lecturer Name

Reactive Power NPTEL - Electrical
Basics Engineering
Power Factor & Neso Academy

Power Triangle

Causes & Engineering
Effects of Low Explained (EE
Power Factor Education)

Search
Keywords

“NPTEL
Reactive Power
basics power
factor”

“Neso Academy
power factor
power triangle”

“low power
factor causes
effects electrical”
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Power Factor
Improvement
Using
Capacitors

Centralized vs
Individual
Compensation

Capacitor
kVAR
Calculation

Star and Delta
Capacitor
Connection

Effect of PF on
Line Current &
Losses

Cable Size vs

Power Factor

PF
Improvement
Case Studies

GATE Academy /
Diploma-focused
Channels

NPTEL /
Polytechnic
Lectures

Polytechnic
Electrical Lectures

Neso Academy

NPTEL Power
Systems

Electrical
Engineering
Concepts Channels

SWAYAM /
NPTEL Industry
Lectures

Student Learning Coach Tip

“power factor
improvement
using capacitor”

“types of power
factor
compensation”

“capacitor rating
for power factor
improvement”’

“star delta
capacitor power
factor correction”

“effect of power
factor on line
current losses”

“power factor
effect on cable
size”

“power factor
improvement
case study”

¢ Use videos first to build intuition, simulators to visualize behavior, and Al tools to

clear doubts and practice numericals.

¢ Do not skip drawing power triangles and star—delta diagrams—visual memory helps

greatly in exams.
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This Digital Resource Library ensures that every type of learner—slow, average, or advanced—can
understand, revise, and master Unit—6 effectively.

Predicted Question Bank

1. Most Repeated / High-Probability Questions

(Frequently asked / concept-focused / diagram-based)

A. Very Short & Short Answer Type (2—3 Marks)

1. Define reactive power and state its unit.

2. Define power factor and write its mathematical expression.

3. List any two causes of low power factor in electrical installations.
4. State any two disadvantages of low power factor.

5. What is meant by reactive power compensation?

6. Why are capacitors used for power factor improvement?

7. State any two advantages of power factor improvement.

8. What is meant by copper loss? Write its formula.

9. What is centralized power factor compensation?

10. What is the difference between active power and reactive power?

B. Short Descriptive / Explanation Type (4-5 Marks)

Explain the concept of reactive power with the help of a power triangle.

Explain the causes and effects of low power factor in an electrical system.
Explain the advantages of reactive power management using capacitors.
Explain centralized compensation with neat diagram, advantages, and limitations.
Explain individual and group compensation with suitable diagrams.

Explain the effect of power factor on line current in a three-phase system.
Explain why copper losses reduce when power factor is improved.

Explain the relation between power factor and efficiency of the system.

® N WDN >

C. Long Answer / Diagram / Case-Based (6—7 Marks)
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6.

Explain methods of reactive power compensation: centralized, individual, and group
compensation. Compare them.

Explain capacitor rating calculation for power factor improvement using formula method.
Explain star and delta connection of capacitors and compare their reactive power output.
With a suitable case study, explain the effect of power factor on three-phase line current
and copper losses.

Explain, with suitable explanation, the effect of power factor on cable size and energy
saving.

Draw and explain power triangles before and after power factor improvement.

Note: Questions 19-23 are very high probability for long answers.

2. Application & Logical Thinking Questions

(5 Questions — High-Scoring / Distinction-Oriented)

1.

A three-phase load draws the same kW at two different power factors.
Explain logically why the line current and copper losses are different in both cases.
An industry improves its power factor from 0.72 to 0.95 using capacitors.
Explain how this improvement affects:
e Line current
e Copper losses
e (Cable size
e Electricity bill
For a large industrial motor, which type of compensation method would you recommend—
centralized, individual, or group?
Justify your answer with technical reasoning.
Explain why delta-connected capacitors are preferred in LT systems, while star-connected
capacitors are often used in higher-voltage systems.
An engineer claims that “power factor improvement does not save energy units.”
Analyze this statement and explain whether it is correct or incorrect, with proper reasoning.

Examiner’s Analysis & Preparation Strategy

Must-prepare topics:

o Reactive power & power triangle
Causes/effects of low PF
o Capacitor compensation methods

O

o Effect of PF on current, losses, and cable size
Scoring tip:
Answers with neat diagrams, clear reasoning, and step-wise explanation always score
higher than definition-only answers.
OBE alignment:
o CO-4 (Application of capacitor for PF improvement) is strongly tested through case
studies and explanations.
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Final Advice to Students
If you can explain why low power factor increases current and losses, and how

capacitors reduce them, you are well-prepared for 80-90% of Unit—6 theory
questions.
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External Exposure & Enrichment Module

1. Beyond the Syllabus — Emerging Technologies
A. Smart Grid & Intelligent Energy Management
What it is:
A digital-electricity system that uses sensors, communication networks, and automation to manage
power flow efficiently.
Connection to the subject:
e Uses capacitors, power factor control, and load balancing—topics in Reactive Power
Compensation.
e Regenerative braking in trains and EVs feeds power back to the grid—smart grids decide
where to send it.
Why students should know it:
e India’s power sector (DISCOMs, metros, EV charging) is adopting Smart Grids.
e Emerging jobs:
Energy Auditor, SCADA Technician, Smart Meter Analyst, Grid Automation Technician

B. Electric Vehicles & Traction Modernization
What it is:
EVs (2W, cars, buses) and modern railway systems use inverters, motors, OHE supply, and
regenerative braking to conserve energy.
Connection to syllabus:
e Directly extends traction supply systems, regenerative braking and energy conservation.
e Uses the same principles learned for street lighting calculations and power factor—load
efficiency matters everywhere.
Why students should know it:
¢ India plans 100% electrification of railways and rapid EV adoption.
e Career opportunities:
Charging infrastructure technician, Battery service engineer, Metro traction technician, EV
manufacturing

2. MOOC & Online Course Recommendations

Course Title Platform Why It Helps Diploma Students
Electrical Machines for Connects classroom knowledge of power
Electric Vehicles & Railways NPTEL/SWAYAM utilization with EV motors, traction drives,
(Audit Free) and regenerative braking.

Introduces modern power distribution,
SWAYAM/NPTEL reactive power management, and grid
automation beyond the syllabus.

Fundamentals of Smart Grid
Technology

Lighting Design and Complements street lighting unit—Ilumens,

Coursera (Audit

Ilumination Engineering Option)

lux, LED efficiencies, energy saving

(Short Module) calculation.
rts saft king habits i
(Optional) Industrial Safety Supports safe wor. ne %bl S I pOWeL,
Any free platform furnace, and traction environments,

Fundamentals . .
enhancing employability.
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Pro Tip for Students:
Audit mode = free learning + certificate optional.

3. Industrial Exposure / Field Visit Suggestions (Regional & Realistic)

v 1. Indian Railways — Traction Substation / EMU Shed (Vadodara / Sabarmati / Mumbai
Division)

What they do:

Receives 25 kV supply from grid & powers trains.

Students observe:

Pantograph operations, OHE equipment, SCADA control rooms, regenerative braking energy flow.

v 2. Steel Melting / Small Furnace Industries (Ahmedabad, Surat, Hazira, Bhavnagar)
Industry: Arc & induction furnaces for re-rolling mills, foundries.

Students learn:

Charging—melting—tapping process, furnace transformers, energy efficiency upgrades, power factor
correction at furnace plants.

v 3. Municipal Corporation / Smart City Lighting Department
(Ahmedabad/Gandhinagar/Surat)

Work done: LED street light installation, pole placement, lux level audits, control via IoT.
Students observe & practice:

Lux measurement, pole spacing, asset mapping, automated timers, adaptive lighting energy savings.

Bonus Self-Exposure Ideas
e Visit an EV charging station
¢ Observe electrical load of a mall or college campus
¢ Conduct lux meter surveys on streets near campus

4. Conferences, Seminars & Technical Events

1. IEEE India Section Conferences

Theme: Power systems, traction drives, electric mobility, energy conservation

Benefit: Exposure to real R&D, student paper contests, IEEE student membership opportunities

2. IEEMA - ELECRAMA (Biannual)

Theme: The world’s largest electrical industry exhibition (Delhi NCR)

Why attend:

Meet companies making switchgear, traction equipment, EV chargers, capacitors, SCADA tools.
Students get internships, placement awareness & live demos.

3. REI Expo — Renewable Energy India

Theme: Solar, wind, storage & grid integration

Why relevant:

Future power utilization demands energy-efficient loads and smart distribution.
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4. Institution Seminars / AICTE ATAL FDP

Theme: EVs, [oT in power systems, smart manufacturing

Student benefit:

Youth-friendly talks, hands-on demos & exposure to skill pathways.

Closing Message to Students

“How electricity is used determines how sustainably we progress.”

This subject gives you the real-world link between power engineering and industries you see every
day—trains, factories, EVs, street lighting, and smart cities.

Use these exposure opportunities to:

Connect theory — practice
Build industry vocabulary
Identify project and internship ideas
Prepare for a fast-evolving power sector
Stay curious. Stay hands-on. The grid needs engineers like you.
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