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2. Nature of Use
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4. Copyright and Image Usage Compliance
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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
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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
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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
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concepts, apply critical thinking, and complement this content with authoritative academic
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® UNIT-1: INTRODUCTION TO ELECTRICAL SUBSTATIONS
(Diploma Engineering — Electrical Engineering)

Unit Weightage: 15%

Total Suggested Duration: 6 Lecture Hours

A. Topic-wise Breakdown & Logical Sequencing (As per Syllabus)

sr Nature of Suggested Exam Practical /
No. Topic (Strictly as per Syllabus) Topic Lecture Importance Industry
Hours Relevance
Definition and Purpose of Substations ¢
Overview of substations as critical nodes in ||Core
1 . . . 1.0 * Kk Kk ok * K K
power system ¢ Importance in India’s power ||(Foundation)
infrastructure
Types of Substations ¢ Based on function:
5 Transmission, Distribution, Switching ¢ Core + 5 k& ;%
Based on voltage level: EHV, HV, MV, LV |Supporting
* Indoor vs Outdoor substations
Essential Features of Substations «
3 Rel_lablillty,.s_afety, Scalablllt.}/’ .. ||Core 1.0 * Kk Kk K * K K K
maintainability ¢ Basic requirements for site
selection and accessibility
Typical Layout of Substations ¢
Switchyard, control room, auxiliary systems Apolication-
4 ||* Introduction to SLDs of 66 kV / 132 kV / Of’)i%nted 2.0 ok kA K * Kk kK K
220 kV substations * Common layouts:
Single bus, Double bus
‘ HRevision, Diagram Practice & Discussion HSupporting H H * * K ”* * ¥

B. Core, Supporting & Application Topic Mapping
4 Core Topics (Must-Know for Exams & CO-1)
o Definition and purpose of substations

e Types of substations (function & voltage based)
o Essential features: reliability, safety, maintainability

€ Supporting Topics
e Indoor vs outdoor substations

e Site selection basics and accessibility

# Application-Oriented Topics
e Typical substation layout

e Single Line Diagrams (SLDs) of 66 kV /132 kV / 220 kV

e Single bus and double bus arrangements
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C. Outcome-Based Education (OBE) Alignment

\Course Outcome (CO-1) HUnit—l Contribution

Interpret and apply principles of substation classification, layout and site

selection v Strong alignment

v Introduced at conceptual

Ensure reliability, safety and operational efficiency level

This unit builds conceptual readiness for UNIT-2 (Equipment) and UNIT-3 (Practices & Earthing).

D. Examination Orientation (Diploma Pattern Insight)
High-Probability Exam Areas
o Definition & purpose of substations

o Classification of substations

o Difference between transmission & distribution substations

e Indoor vs outdoor substations

o Neat sketch / explanation of single bus or double bus layout

e Short note on SLD of 66 kV / 132 kV substation

—[ 1 Diagram-based questions are very common from this unit.

E. NEP-2020 & SKill Orientation
o Emphasizes conceptual clarity before equipment study

e Encourages visual learning through layouts and SLDs
o Prepares students for field visits and virtual lab simulations

o Builds foundation for safety awareness and system thinking

% Mentor’s Teaching Tip
“If students clearly understand UNIT-1, they will never feel lost while studying transformers, isolators,
busbars, or protection systems later. This unit is the map of the substation—everything else fits into it.”

B UNIT-1| Lecture 1

Topic-1: Definition and Purpose of Substations

Sub-Topics:

1.1 Overview of substations as critical nodes in power systems
1.2 Importance of substations in India’s power infrastructure
Duration : 60 minutes

1. Introduction (= 5 minutes)

Let us begin with a simple question: Have you ever wondered how electricity generated hundreds of
kilometers away reaches your home safely at just 230 volts?

Electricity is generated at power stations at very high voltages, but our homes and industries need much lower
and controlled voltages. The “middleman” that makes this possible is the electrical substation.

Think of a substation like a railway junction. Trains (power) come from different directions, change tracks
(voltage levels), get controlled and monitored, and then move safely to their destinations. Without substations,
the power system would be unsafe, unreliable, and impossible to manage.
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2. Core Concepts (= 40 minutes)

2.1 Definition of Electrical Substation

An electrical substation is a part of the power system where voltage is transformed, power is controlled,
protected, and distributed using various electrical equipment.

In simple words:

A substation is a node where electrical power is received, modified, protected, and sent forward.

2.2 Substations as Critical Nodes in Power Systems
The power system has three major stages:
1. Generation — Electricity produced at power plants

2. Transmission — High-voltage power transfer over long distances
3. Distribution — Supplying power to consumers

Substations connect all these stages. They perform the following key functions:
e Voltage Transformation:

Step-up substations increase voltage for transmission, while step-down substations reduce voltage for
distribution.

e Switching Operations:
Allow connection and disconnection of lines and equipment safely.

e Protection:
Isolate faulty sections using circuit breakers and relays.

e Control & Monitoring:
Measure voltage, current, power, and system health.

Transmission Line Substation Distribution Line
—_— —
Transformer .
BT — (Step-Up / Step-Down) T [remnmi] L',U
h" “limienz
- - ! Consumers
. . Circuit Breaker (Industrial / Commercial / Residential)
Generating Station | (Protection & Switching)

Fig. Block diagram showing
Generating Station — Transmission Line — Substation (Transformer + Circuit Breaker) — Distribution Line
— Consumer

2.3 Purpose of Electrical Substations
The main purposes are:
e Ensure safe and reliable power flow

e Maintain correct voltage levels
e Protect equipment and personnel
e Improve power quality and system stability
e Enable maintenance without total shutdown

Fun Fact:
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A single fault without a substation can blackout an entire city, but with proper substations, faults are isolated
within seconds.

2.4 Importance of Substations in India’s Power Infrastructure

India has one of the largest power networks in the world, operating at voltage levels up to 765 kV.
Substations play a vital role in:

o Integrating thermal, hydro, solar, and wind power

e Supporting rural electrification and urban load growth

o Enabling smart grids and renewable integration

e Ensuring compliance with Indian Standards (IS) and safety regulations

Organizations like POWERGRID, GETCO, MSETCL, TANGEDCO depend heavily on efficient
substations.

INDIA - Electrical Power Distribution Map

China

Banglajkes

Jodhpur

Guwahati
Bangladesh

1
Mumbal -0 Eﬁ:&

1o

1 4

A _ Power Generation
ﬁ.ﬁ Station

Transmission
Substation (EHV)

Distribution
T g station (/) Bengaluru

Indian Ocean

= Transmission Line (EHV) === Distributoion Line (LV/MV)

=== Transmission Line (LV/ MV)

Fig. Map of India with generation — transmission substations — distribution substations marked.

3. Real-World / Industry Applications (= 10 minutes)
e Every 66 kV, 132 kV, or 220 kV substation you see near highways is controlling power flow for
entire regions.

o Industrial estates receive power from dedicated substations to ensure uninterrupted supply.

e Metro rail systems, airports, and hospitals depend on high-reliability substations.
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e Modern substations use SCADA and automation for remote control and monitoring.

4. Summary & Q&A (= 5 minutes)
Key Takeaways
e Substations are essential control centers of the power system

e They perform voltage transformation, protection, and switching
e They ensure safe, reliable, and efficient power delivery
e India’s growing infrastructure heavily depends on substations

Common Student Doubts
e Isatransformer alone a substation? — No, a substation includes transformers plus protection and

control equipment.

e Why not supply power directly from generators? — Due to safety, losses, and voltage mismatch.

Mentorship Note (Career Guidance)

Mastering the basics of substations is the foundation for careers as substation operators, maintenance
technicians, power utility engineers, and SCADA professionals. Strong understanding of this topic also
helps in  competitive exams, field jobs, and higher studies in power systems.

(3 A good engineer always understands the system before handling the equipment.

i UNIT-1| Lecture 2

Topic-2: Types of Substations

Sub-Topic 2.1: Classification Based on Function
Duration : 60 minutes

1. Introduction (= 5 minutes)

Imagine a city without traffic signals—vehicles would move randomly, causing accidents and chaos.
Similarly, in an electrical power system, substations act like traffic control centers for electricity. They
decide where power should go, at what voltage, and in what quantity.

Now think: Does electricity generated at a power plant directly reach your home?

The answer is No. Between generation and utilization, electricity passes through different types of
substations, each having a specific function. Understanding these functional classifications helps engineers
design, operate, and maintain power systems efficiently.

2. Core Concepts (= 40 minutes)

What is Classification Based on Function?

Classification based on function means categorizing substations according to the role they perform in the
power system—whether transmitting power, distributing it, or simply switching circuits.

According to the syllabus, substations based on function are:

1. Transmission Substation
Function:
Transmission substations handle bulk power at high voltage levels (such as 132 kV, 220 kV, 400 kV, or
higher).
Key Roles:
e Receive power from generating stations

e Step up or step down voltage
o Interconnect different transmission lines

e Improve system reliability and stability
Al Generated content for SUBSTATION ENGINEERING 10




Simple Analogy:
A transmission substation is like a highway junction where power flows over long distances with minimum
losses.
Main Equipment Used:
o Power transformers

¢ Circuit breakers
e |solators
e Busbars

e Protection and control systems

Incoming Owutgoing
Tramnsmissiorn Line W Transmission Lines
| Power Transformer |
I
i i T

0 v i
Generating [ B R ] Consumers
Station Consurcia

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

Fig. Incoming transmission line -Power transformer-Busbars-Outgoing transmission lines
2. Distribution Substation
Function:
Distribution substations reduce voltage from transmission levels to distribution levels such as 33 kV, 11 kV,
or415V.
Key Roles:
o Supply power to residential, commercial, and industrial consumers

o Ensure safe voltage levels for utilization
e Improve voltage regulation

Simple Analogy:
A distribution substation works like a local water tank, supplying water (electricity) to nearby houses.
Typical Locations:

o Near residential colonies

e Industrial areas

e Urban and rural load centers

Incoming 33 kV Line Outgoing 11 kV Feeders

/\i\‘t*i | e N
il

Step-Down Transformer
(33/11kV)

Fig. Incoming 33 kV line- Step-down transformer (33/11 kV)-Outgoing feeders

3. Switching Substation
Function:
Switching substations do not change voltage levels. Their primary role is switching, controlling, and
isolating circuits.
Key Roles:
e Load transfer during maintenance
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e Faultisolation
e Improving system flexibility

Where Used:
e Indense urban areas

e At junctions of transmission lines
o Where space constraints exist

Fun Fact:
Switching substations often do not have power transformers, making them simpler and more compact.

3. Real-World / Industry Applications (= 10 minutes)
e Transmission substations form the backbone of India’s national grid managed by agencies like
POWERGRID.

o Distribution substations are operated by DISCOMs such as GETCO, MSEDCL, TANGEDCO,
ensuring power reaches homes safely.

e Switching substations are widely used in metro cities to quickly reroute power during faults or
maintenance without outages.

In modern substations, SCADA systems allow remote switching and monitoring, improving reliability and
reducing downtime.

4. Summary & Q&A (= 5 minutes)
Key Takeaways
o Substations are classified based on function into:

1. Transmission Substations
2. Distribution Substations
3. Switching Substations
o Each type has a distinct role in power flow control
e Understanding functions helps in exam answers, site work, and fault analysis

Typical Student Questions
o Why are transformers not used in switching substations?

e Can a substation perform more than one function?

« Which substation is closest to the consumer?

Mentorship Note — Career Guidance

Mastering substation classification is not just for exams. It forms the foundation for careers in power
utilities, renewable energy integration, SCADA operation, and substation maintenance. When you visit a
substation site or work as a junior engineer, your ability to identify the substation type and its function
instantly will set you apart as a confident professional.

(7 Strong basics today lead to smart substations tomorrow.
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= UNIT-1| Lecture 3

Topic-2: Types of Substations

Sub-Topic 2.2: Classification Based on Voltage Level & Indoor vs Outdoor Substations
Duration : 60 minutes

1. Introduction (= 5 minutes)

Why does electricity travel at very high voltage on transmission towers but enters your home at only
230 Vv?

If we tried to transmit power at low voltage, losses would be huge and conductors would overheat. To solve
this, engineers divide the power system into voltage levels, and substations are designed accordingly. Just
like vehicles use highways, state roads, and local streets, electricity also travels through EHV, HV, MV, and
LV levels. Understanding this classification is essential for reading diagrams, answering exams, and working
confidently at substation sites.

2. Core Concepts (= 40 minutes)
2.2.1 Classification of Substations Based on Voltage Level
Substations are classified based on the operating voltage handled by their equipment.

1. Extra High Voltage (EHV) Substations
Voltage Range: 220 kV, 400 kV, 765 kV
Purpose:

o Long-distance bulk power transmission

e Interconnection of regional and national grids

Key Features:
o Very large switchyards

e Heavy insulation and large clearances
e Advanced protection and automation

Analogy:
EHV substations are like express highways—fast, long-distance, and high-capacity.

Fig. Large outdoor switchyard with tall structures, busbars and multiple transmission lines.

2. High Voltage (HV) Substations
Voltage Range: 66 kV, 110 kV, 132 kV
Purpose:

e  Sub-transmission

e Supplying power to cities and large industrial areas

Key Features:
e Step-down from EHV to MV
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e Moderate equipment size

e Commonly seen near cities

3. Medium Voltage (MV) Substations
Voltage Range: 11 kV, 22 kV, 33 kV
Purpose:

¢ Distribution to local areas

o Feeding distribution transformers

Key Features:
e Compact size

e Located close to load centers
e Used by DISCOMs
Analogy:

MYV substations are like city roads, distributing traffic to neighbour hoods.

4. Low Voltage (LV) Substations
Voltage Range: 415V /230 V
Purpose:

e Direct supply to consumers

e Used inside buildings, industries, and campuses

Key Features:
e Small and simple

e Often located indoors

e Closely connected with LT panels

» Fun Fact:
Your apartment transformer room is essentially an LV substation.

2.2.2 Indoor vs Outdoor Substations
Indoor Substations
Characteristics:

e Installed inside buildings

e Used for LV and MV levels
e Protected from weather

Advantages:
e High safety

e Less space required
o Suitable for urban areas

Applications:
Hospitals, malls, factories, metro stations
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Outdoor Substations
Characteristics:
e Installed in open yards

e Used for HV and EHV levels

Advantages:
o Easy expansion

o Better heat dissipation
e Lower installation cost

Applications:
Transmission and grid substations

Fig. Open yard with gantries, insulators, busars, and breakers.

3. Real-World / Industry Applications (= 10 minutes)
e EHV & HV outdoor substations are operated by POWERGRID and state utilities

e MV substations supply power to towns and industrial estates
e Indoor substations are preferred in metro cities due to space constraints

e Modern cities increasingly use compact indoor and GIS substations

4. Summary & Q&A (= 5 minutes)
Key Takeaways
o Voltage-based classification: EHV — HV — MV — LV

o Higher voltage = longer distance, lower losses
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e Indoor substations — safety & compactness
e Outdoor substations — high voltage & easy expansion

Common Student Doubts
e Why are EHV substations always outdoor?

e Can MV substations be indoor?

e Which voltage level is closest to the consumer?

Mentorship Note — Career Perspective

Understanding voltage classification helps you read SLDs confidently, identify substation roles on site, and
avoid safety mistakes. Whether you work as a junior engineer, technician, or operator, this knowledge is

used daily in maintenance, switching, and fault handling.
(= A good power engineer always respects voltage levels—because voltage decides safety.

UNIT-1| Lecture 4

Topic-3: Essential Features of Substations
Sub-Topic 3.1: Key Characteristics & Basic Requirements for Substation Location
Duration : 60 minutes

1. Introduction (= 5 minutes)

Imagine a city hospital running without backup power, safety rules, or proper access roads. Would it be
reliable? A substation is exactly like that hospital for the power system—it must be reliable, safe,
accessible, and well-planned.

Many power failures are not due to equipment faults, but because the substation was poorly designed or
badly located. Today’s topic answers a simple but critical question:

“What makes a good substation?”

2. Core Concepts (= 40 minutes)

A. Key Characteristics of a Good Substation

A substation must satisfy four essential characteristics:

1. Reliability

Reliability means the substation should supply power continuously with minimum interruptions.
e Achieved by proper layout

e Redundant equipment (alternate feeders, spare transformers)
o Clear switching arrangements

Analogy: Just like a mobile phone needs a backup battery, a substation needs backup paths.

2. Safety
Safety is the most important feature of any substation.
e Proper earthing system

e Adequate clearances between live parts
e Fire protection and fencing
o Safe operating zones for staff

Unsafe substations can cause electric shock, fire, or equipment damage.
3. Scalability (Future Expansion)
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A substation should allow future load growth.
e Space for additional bays

o Provision for higher capacity transformers
e Modular design

Fun Fact: Many old substations fail today because they were built without future planning.
4. Maintainability
Maintainability means equipment can be easily inspected, repaired, or replaced.

e [Easy access to equipment

o Clear labeling
e Proper working space

Good maintainability reduces downtime and maintenance cost.

B. Basic Requirements for Substation Location (Site Selection)
Selecting the right location is a technical and economic decision.
1. Load Center Proximity
The substation should be near the load center to reduce:

e Power loss

e Voltage drop
e Transmission cost

2. Availability of Land
o Sufficient land for present and future expansion

e Flat or easily levelled terrain

3. Accessibility
e Proper road access for equipment transport

o Easy entry for maintenance vehicles and emergency services

4. Safety and Environment
e Away from residential areas (for high-voltage substations)

o Free from flooding, waterlogging, and landslide risks
e Adequate drainage system

5. Economic Factors
e Cost of land

e Construction cost

e Right-of-way for transmission lines

3. Real-World / Industry Applications (= 10 minutes)
In India, substations are planned considering:
e Dense urban areas — Indoor / GIS substations

e Rural areas — Outdoor substations
o Industrial zones — High reliability and expansion capability

Utilities like GETCO, PGCIL, and DISCOM:s strictly follow site selection guidelines to avoid failures,
Al Generated content for SUBSTATION ENGINEERING
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flooding damage, and safety hazards.

4. Summary & Q&A (= 5 minutes)
Key Takeaways
e A good substation must be reliable, safe, scalable, and maintainable

e Location affects losses, safety, and future expansion
o Poor site selection leads to long-term operational problems

Common Student Doubts
e Why not build substations anywhere land is cheap?
— Because safety, access, and reliability matter more than cost.

e Which factor is most important?
— Safety and reliability.

Mentorship Note (Career Tip)
Understanding substation features and site selection helps you:
o Answer diagram and explanation questions confidently

e Perform better in field visits and maintenance jobs
o Build strong fundamentals for roles like Junior Engineer, Technician, and Site Supervisor

(2 Good engineers don’t just design equipment — they design systems that last.

UNIT-1| Lecture 5

Topic—4: Typical Layout of Substations
Sub-topic 4.1: Overview of Substation Layout Components
Duration : 60 minutes

1. Introduction (= 5 minutes)

Imagine entering a large electrical substation for the first time. You see tall steel structures, thick conductors,
loud humming equipment, warning boards, and a control room full of panels.
A natural question arises: “How is everything arranged so systematically and safely?”

This arrangement is not random—it follows a substation layout. Just like the layout of a factory or hospital
ensures smooth operation and safety, a substation layout ensures reliable power flow, easy operation, and
safe maintenance. Today’s lecture will help you visualize a substation and understand where each
component is placed and why.

2. Core Concepts (= 40 minutes)
What is a Substation Layout?
A substation layout is the planned physical arrangement of electrical equipment and buildings within a
substation premises.
Its objectives are:
o Safe operation

e Easy control and maintenance
e Minimum power loss
e Provision for future expansion
Main Components of a Typical Substation Layout
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1. Switchyard
The switchyard is the heart of the substation, usually located outdoors.
Contains:

o Power transformers

e Circuit breakers

o Isolators with earthing switches

e Busbars

o Current transformers (CTs) and potential transformers (PTs)
e Surge arresters

Function:
Handles high-voltage power, performs switching, protection, and voltage transformation.

2. Busbar Arrangement
Busbars act like common electrical highways.
Common layouts:

e Single bus system

e Double bus system

Purpose:
e Collect power from incoming lines

o Distribute power to outgoing feeders

The choice of busbar layout affects reliability and cost.

3. Control Room
This is the brain of the substation.
Contains:

e Control and relay panels

e SCADA/HMI systems

e Protection relays

e Metering instruments

e Battery and DC supply panels

Function:
Allows operators to monitor, control, and protect the entire substation from a safe indoor environment.
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Substation control room

(Station lewvel) .
Relay room ] 'Q-

(Bay lewvel)

Switch Yard
(Process level)

Fig. Room connected to switchyard via control cables.

4. Auxiliary Systems
These systems support continuous operation.
Includes:

e DC battery and charger system

e Lighting system

o Fire-fighting system

e Communication system (PLCC/SCADA)
o Earthing system

Without auxiliaries, even a well-designed switchyard cannot function reliably.

5. Earthing System
Earthing is spread throughout the substation in the form of an earthing grid.
Purpose:

e Protect personnel from shock

o Safely dissipate fault currents

e Maintain equipment safety

» Fun Fact:
A substation earthing grid can have resistance less than 1 ohm, even for very large installations.

3. Real-World / Industry Applications (= 10 minutes)
In 66 kV, 132 kV, and 220 kV substations, layout planning is crucial due to land cost, safety regulations, and
maintenance needs.

e Urban substations use compact layouts or GIS to save space

e Rural substations use outdoor AIS layouts for cost-effectiveness
e Poor layout design can lead to:

o Unsafe clearances

o Difficult fault isolation

o Long power outages
Al Generated content for SUBSTATION ENGINEERING 20




Field engineers rely heavily on Single Line Diagrams (SLDs) derived from the layout to perform switching
operations safely.

4. Summary & Q&A (= 5 minutes)
Key Takeaways
o Substation layout is a planned arrangement of equipment and buildings

e Main components: Switchyard, busbars, control room, auxiliaries, earthing
e Good layout ensures safety, reliability, and easy maintenance
o Layout directly influences operational efficiency and future expansion

Typical Student Doubts
e Why is the control room separated from switchyard? — Safety

e Why are busbars elevated? — Insulation and clearance

e Why is earthing spread everywhere? — Shock protection

& Mentorship Note (Career Tip)
Understanding substation layouts is a foundational skill for careers as:
o Substation operator

e Maintenance technician
e Protection & control assistant
o Power utility field engineer

If you can read a layout and SLD confidently, you already think like a power engineer. Master this topic
well—it will strongly support field training, interviews, and higher studies in power systems.
(= Next step for students: Practice sketching a 66 kV substation layout from memory.

UNIT-1| Lecture 6

Topic—4: Typical Layout of Substations

Sub-Topic—4.2: Introduction to Single-Line Diagrams (SLDs) of 66 kV / 132 kV / 220 kV Substations
& Examples of Common Layouts

Duration : 60 minutes

1. Introduction (= 5 minutes)

Imagine standing inside a large power substation spread over several acres. You see towers, busbars, circuit
breakers, isolators, transformers, and cables everywhere. Now imagine trying to explain this entire system on
one sheet of paper—<clearly and without confusion.

That single-sheet representation is called a Single-Line Diagram (SLD).

Thought question for students:

(3 If you were a junior engineer on duty at midnight and a fault occurred, would you run around the yard—or
first look at a drawing?

In real substations, engineers first read the SLD, not the physical layout. That is why SLDs are called the
language of substations.

2. Core Concepts (= 40 minutes)

What is a Single-Line Diagram (SLD)?

A Single-Line Diagram is a simplified graphical representation of a three-phase power system where:
e Only one line is used to represent all three phases

o Standard electrical symbols are used
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e Power flow from incoming line to outgoing feeder is shown clearly

SLDs do not show physical distances; they show electrical connections and sequence.

Purpose of SLD
e Understanding power flow

e Planning switching operations
o Fault isolation and maintenance
o Safety during operation

e Documentation and training

Fun Fact:
Every substation control room displays a large SLD panel—sometimes called the substation map.

Basic Elements Shown in an SLD
Students should learn to identify:
e Incoming transmission line

e Lightning arrester

e Isolator

e Circuit breaker

e Current transformer (CT)
o Potential transformer (PT)
e Busbar

e Power transformer

o Outgoing feeders

SLD of a 66 kV Substation
e Generally used for sub-transmission or large distribution

o Simple layout, often single bus system
e One or two incoming lines

e Step-down transformer (66/11 kV)

Description of Power Flow in a 66 kV Substation
e Incoming 66 KV Line:
Electrical power enters the substation from the transmission network at 66 kV.

e Lightning Arrester (LA):
Installed at the line entrance to protect substation equipment by diverting lightning and switching
surges safely to earth.

e Isolator:
Provides visible isolation of the line for maintenance and safety. It is operated only under no-load
conditions.
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o Circuit Breaker (CB):
Interrupts load current and fault current. It automatically trips during faults to protect the system.

e Current Transformer / Potential Transformer (CT/PT):
CT steps down current and PT steps down voltage to safe levels for protection relays, metering, and
control circuits.

e 66 kV Bus:
A common busbar that collects power from incoming lines and distributes it to connected
transformers or outgoing feeders.

e Power Transformer (66/11 kV):
Steps down the voltage from 66 kV to 11 kV for distribution purposes.

e 11KV Bus:
Receives power from the transformer secondary and acts as a distribution point for multiple feeders.

e 11KV Feeders:
Outgoing distribution lines that supply power to industrial, commercial, or residential loads.

This sequence ensures protection, control, voltage transformation, and reliable distribution of electrical
power from transmission to consumers

TR 66 kV Bus

Incoming
66 kV Line

Lightning  Isolator  Circuit CT/PT Power Transformer ~ Feeder1 Feeder2 Feeder3
Arrester Breaker

Fig. Power flow Incoming 66 kV line — LA — Isolator — Circuit Breaker — CT/PT — 66 kV Bus —
Transformer — 11 kV Bus — Feeders

SLD of a 132 kV Substation
o Widely used in state transmission networks

e May use single bus with bus coupler or double bus

o Higher reliability than 66 Kv

Description of a 132 kV Substation with Double Incoming Lines and Multiple Transformers
e Two Incoming 132 kV Lines:

The substation receives power from two independent 132 kV transmission lines. This arrangement
improves reliability and continuity of supply, as one line can support the system if the other is out of
service.

e Circuit Breakers (CBs):
Each incoming line is connected through a circuit breaker capable of making and breaking normal
load current as well as interrupting fault currents. CBs provide primary protection and operational
control.
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e Current Transformers (CTs):

CTs are installed on each feeder and transformer bay to step down high currents to standard values for

protection relays, metering, and monitoring.

e Potential Transformers (PTs):
PTs step down the high voltage to safe levels for voltage measurement, protection schemes,
synchronizing, and control purposes.

e 132 kV Bus System:

The incoming lines and outgoing transformer bays are connected to a common bus system (single bus,
double bus, or main-and-transfer bus, depending on design). The bus acts as a central node for power

collection and distribution within the substation.

e Bus Coupler:

The bus coupler circuit breaker connects two sections of the bus. It allows load sharing, maintenance

of one bus section without shutdown, and enhances system flexibility and reliability.

e Power Transformers:

Multiple power transformers are connected to the 132 kV bus. These transformers step down voltage

from 132 kV to 33 kV or 11 kV, depending on the distribution requirements.

e 33kV/11kV Buses:
The transformer secondary sides feed 33 kV or 11 kV buses, which distribute power to outgoing
feeders supplying downstream substations and consumers.

This configuration provides high reliability, operational flexibility, effective protection, and efficient
power distribution in high-voltage substations.

System Topology: The Integrated Single Line Diagram

Incoming Incoming
132kV Line 1 132kV Line 2
e Bus Coupler s )y
I [ L I
1 1 I
o
1 Z L
1 I
Transformer 1 7A Ai Transformer 2
= Neutral/Earth j—f Neutral/Earth
33kV Distribution Bus
B 132 kv Inflow
B 33 kv outflow
—— Neutral/Earth
Feeder 1 Feeder 2 Feeder 3 Feeder 4 Feeder 5

A NotebookLM

Fig. Two incoming 132 kV lines connected to a bus system and feeding 33 kV bus
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SLD of a 220 kV Substation

Used in major grid substations
Complex layouts

Often double bus or breaker-and-half scheme

Description of a 220 kV Substation with Double Bus Arrangement

Multiple 220 kV Incoming Lines:
The substation receives power from several 220 kV transmission lines. Multiple incomers improve
system reliability, load sharing, and continuity of supply during line outages or maintenance.

Double Bus Arrangement:

Two main buses (Bus-1 and Bus-11) are provided at 220 kV. Each incoming line and outgoing bay can
be connected to either bus through isolators and circuit breakers. This arrangement allows
maintenance of one bus without interrupting supply and provides high operational flexibility.

Protection CTs and PTs:

Current Transformers (CTs) and Potential Transformers (PTs) are installed in each bay for
measurement of current and voltage. They supply inputs to protection relays, metering, control, and
monitoring systems, ensuring safe and reliable operation.

Large Power Transformers:

High-capacity power transformers are connected to the 220 kV buses. These transformers step down
voltage from 220 kV to lower levels such as 132 kV, 66 kV, 33 kV, or 11 kV, depending on system
requirements.

Lower Voltage Buses:
The transformer secondary sides feed lower-voltage bus systems. These buses distribute power to
outgoing feeders supplying regional substations, industrial loads, and distribution networks.

This configuration ensures high reliability, redundancy, efficient fault isolation, and flexible operation,
making it suitable for major grid and bulk power substations.

Examples of Common Layouts
1. Single Bus System

o Simple and economical
o Used in small substations

o Disadvantage: complete shutdown during bus fault

2. Double Bus System

o Two buses for reliability
o Equipment can be shifted without shutdown

o Usedin 132 kV and above

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

Operators use SLDs during switching operations

Maintenance staff follow SLDs to apply lockout-tagout
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e Protection engineers analyze faults using SLD reference
o SCADA systems are designed based on SLD logic

Industry practice:
Before any maintenance work, engineers mark the SLD with red tags to ensure safety.

4. Summary & Q&A (= 5 minutes)
Key Takeaways
e SLD is the backbone of substation understanding

o Shows electrical connections, not physical layout
o Voltage level decides complexity of SLD

e Common layouts: single bus, double bus

o Essential for operation, safety, and maintenance

Typical Student Doubts
e 2 Why only one line for three phases?

v Because all phases behave similarly in balanced systems.

e ? Are SLDs same as layout drawings?
v No. Layouts show physical placement; SLDs show electrical flow.

Mentorship Note (Career Orientation)

Mastering SLDs is one of the most job-relevant skills in substation engineering. Whether you become a
technician, operator, supervisor, or engineer, your confidence will be judged by how well you can read
and explain an SLD.

(3 Start practicing by hand-drawing 66 kV and 132 kV SLDs—this single skill can set you apart during site
visits, interviews, and promotions.

Remember: A good engineer sees the entire substation through one clear line. 5

M STUDENT Al TOOLKIT -UNIT 1
Introduction to Electrical Substations

A. Low-Level Prompts (Remember & Understand)
(10 Prompts — for basics, definitions, and clarity)
1. “Explain the basic concept of a substation in very simple words suitable for a Diploma student.”

“Define an electrical substation and list its main purposes in bullet points.”

“Summarize the importance of substations in a power system in not more than 150 words.”
“Explain why substations are called ‘critical nodes’ in power systems with a simple analogy.”
“Differentiate between transmission and distribution substations in a simple comparison table.”
“Explain the meaning of EHV, HV, MV, and LV voltage levels with typical examples.”
“Describe indoor and outdoor substations in simple language with one example each.”

“List the essential features of a good substation and explain each in one line.”
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“Explain what a single-line diagram (SLD) is and why it is used.”
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o

. “Create short revision notes for UNIT-1 suitable for last-day exam preparation.”
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B. Moderate-Level Prompts (Apply & Analyze)
(10 Prompts — for understanding application and comparison)
11. “Compare different types of substations based on function and voltage level using a neat table.”

12. “Explain how voltage level classification of substations affects their layout and equipment.”

13. “Given a city power supply requirement, explain which type of substation is suitable and why.”
14. “Analyze the advantages and disadvantages of indoor versus outdoor substations.”

15. “Explain the role of substations in improving reliability and safety of power supply.”

16. “Interpret a basic single-line diagram of a substation and explain the flow of power step by
step.”

17. “Explain the importance of proper site selection for a substation with practical reasons.”
18. “Describe how a substation layout supports operation, maintenance, and safety.”
19. “Convert the topic ‘Types of Substations’ into a question—answer format for viva preparation.”

20. “Create 5 exam-oriented short notes from UNIT-1 with headings and key points.”

C. High-Level Prompts (Design & Create)
(5 Prompts — for distinction-level answers and system thinking)
21. “Design a conceptual layout of a medium-voltage substation and explain the placement logic of
each section.”

22. “Create a step-by-step workflow showing how electrical power flows from generation to
consumers through substations.”

23. “Develop an exam-ready answer explaining how substations support scalability and future
expansion.”

24. “Prepare a structured long-answer response on ‘Importance of substations in national power
infrastructure’ with headings.”

25. “Create a concept map linking substation definition, types, features, layout, and SLDs for
UNIT-1.”

@ How Students Should Use This Toolkit
e Use Low-Level prompts for first-time learning and revision

e Use Moderate-Level prompts for exams, vivas, and understanding applications

e Use High-Level prompts to score distinction marks and build strong fundamentals

&/ MASTERY CHECK — UNIT-1: Introduction to Electrical Substations

1. Key Definitions / Glossary
(Top 15 exam-oriented technical terms with simple definitions)
1. Substation — An installation where electrical power is received, controlled, transformed, and
distributed.

2. Transmission Substation — A substation used to transmit power at high voltage over long distances.
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3. Distribution Substation — A substation that supplies power to consumers at lower voltage levels.

4. EHV (Extra High Voltage) — Voltage level above 132 kV used for long-distance power
transmission.

HV (High Voltage) — Voltage level typically between 33 kV and 132 kV.
MV (Medium Voltage) — Voltage level usually between 1 kV and 33 kV.
LV (Low Voltage) — Voltage level below 1 kV supplied to end consumers.

Indoor Substation — A substation installed inside a building for safety and space constraints.
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Outdoor Substation — A substation installed in open air, generally for high voltage applications.

10. Single-Line Diagram (SLD) — A simplified diagram showing electrical connections using a single
line for three phases.

11. Busbar — A conductor system used to collect and distribute electrical power within a substation.
12. Circuit Breaker — A protective device that interrupts current during faults.

13. Isolator — A manually operated switch used to isolate equipment for maintenance.

14. Substation Layout — The physical arrangement of equipment in a substation yard or building.

15. Site Selection — The process of choosing a suitable location for a substation considering safety, load,
and accessibility.

2. FAQ & Assessment Section

A. Multiple Choice Questions (MCQs)
(20 MCQs — covering entire UNIT-1)
1. The main purpose of a substation is to:
a) Generate electrical power
b) Transmit electrical power only
c) Control, transform, and distribute power
d) Consume electrical power

2. Which voltage level is categorized as EHV?
a) 11 kV
b) 33 kV
c) 66 kV
d) 220 kv

3. A substation used near consumers is called:
a) Transmission substation
b) Generating station
c) Distribution substation
d) Switching station

4. Which diagram shows electrical connections without physical distances?
a) Layout drawing
b) Wiring diagram
c) Single-line diagram
d) Block diagram
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5. Indoor substations are mainly preferred when:
a) Voltage is very high
b) Space is limited
c¢) Cost must be maximum
d) Load is very large

6. Which voltage level is generally supplied to domestic consumers?
a) EHV
b) HV
c) MV
d) LV

7.  Which of the following is NOT a function of a substation?
a) Voltage transformation
b) Power control
c) Power distribution
d) Power generation

8. Outdoor substations are generally used for:
a) Low voltage
b) Medium voltage
c¢) High and extra high voltage
d) Domestic supply

9. Busbars are used to:
a) Generate power
b) Store energy
c) Collect and distribute power
d) Measure voltage

10. A single-line diagram represents:
a) One phase only
b) Three phases using one line
¢) Mechanical layout
d) Civil structure

11. Which factor is NOT considered during site selection of a substation?
a) Load center
b) Accessibility
c) Safety
d) Color of equipment

12. The main advantage of outdoor substations is:
a) High cost
b) Easy expansion
c) Limited space
d) Poor ventilation

13. Which voltage level is typically considered MV?
a) 440 V
b) 11 kV
c) 220 kV
d) 400 kv
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14. The layout of a substation mainly affects:
a) Power generation
b) Maintenance and safety
c) Consumer billing
d) Tariff calculation

15. Which of the following is a key feature of a good substation?
a) Complex design
b) Poor accessibility
c) Reliability
d) Frequent shutdown

16. Single-line diagrams are mainly used by:
a) Consumers
b) Operators and engineers
c) Accountants
d) Electric appliance users

17. Which substation is nearest to the load center?
a) Transmission substation
b) Generating station
c) Distribution substation
d) Switching station

18. HV substations usually operate in the range of:
a) Below 1 kV
b) 1-11 kV
c) 33-132 kV
d) Above 400 kV

19. Indoor substations are usually:
a) More compact
b) Less safe
c¢) Used for EHV
d) Installed in open areas

20. The main objective of a substation layout is to ensure:
a) Maximum cost
b) Easy operation and safety
c) More manpower
d) Decorative appearance

Answer Key (MCQs)

1-c, 2—d, 3—c, 4-c, 5-b,

6-d, 7-d, 8-c, 9-c, 10-b,
11-d, 12-b, 13-b, 14-b, 15-c,
16-b, 17—, 18-, 19-a, 20-b

B. Short Answer / Viva Questions
(10 Commonly Asked Questions)
1. Define an electrical substation and state its purpose.

2. Differentiate between transmission and distribution substations.

3. What is meant by voltage classification of substations?
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Explain the difference between indoor and outdoor substations.
List any four essential features of a good substation.

What is a single-line diagram? Why is it important?

Why are substations located near load centers?

State the importance of substation layout in operation and maintenance.
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Why are outdoor substations preferred for high voltage levels?

10. Explain the role of substations in improving reliability of power supply.

® Examiner’s Tip for Students

If you can clearly explain definitions, draw a simple SLD, and justify why a type of substation is used,

you are already at above-average performance level in UNIT-1.

#8 DIGITAL RESOURCE LIBRARY
UNIT-1: Introduction to Electrical Substations

1. Al Tools & Digital Learning Tools
1. Al Study Assistants (ChatGPT / Gemini / Similar Al)
Purpose / Use-case:
Concept clarification, summaries, exam answers, and viva practice
How it helps in this unit:
o Explains definitions like substation, SLD, voltage levels in simple language

o Converts syllabus topics into short notes, MCQs, and viva questions

e Helps in last-minute revision and doubt solving

2. Virtual Labs (Government of India — vlab.co.in)
Purpose / Use-case:
Simulation of electrical systems and substation operations
How it helps in this unit:
o Visualizes substation layout and equipment arrangement

o Helps understand power flow and switching logic

o Useful for students who cannot visit real substations

3. PhET Interactive Simulations
Purpose / Use-case:
Basic visualization of electrical concepts
How it helps in this unit:
e Builds strong fundamentals of power flow and circuits

o Useful for slow learners to visualize abstract concepts

e Supports understanding before learning complex substations

4. Electrical4U (Educational Website)
Purpose / Use-case:
Reference learning and concept explanations
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How it helps in this unit:

e Clear explanations of substations, voltage levels, layouts, and SLDs

o Exam-oriented descriptions with diagrams

o lIdeal for quick self-study and revision

5. NPTEL Online Courses (Free / Audit Mode)

Purpose / Use-case:

Structured learning from I T faculty

How it helps in this unit:

e Strengthens conceptual understanding of power systems

e Helps students connect theory with real-world practices

o Useful for motivated learners aiming higher studies

2. Video Learning Repository

(Use the table below exactly as required)

Topic Name

Recommended Channel / Course /
Lecturer Name

Search Keywords

Introduction to Electrical
Substations

NPTEL — Power Systems

“NPTEL introduction to electrical
substations”

Importance of Substations in
Power System

Electrical Engineering Academy

“importance of substations in power
system diploma”

Types of Substations

Gate Smashers (Electrical)

“types of substations electrical
engineering”

Voltage Classification of
Substations

Ekeeda Electrical

“EHV HV MV LV substations
explained”

lIndoor vs Outdoor Substations

| Electrical4U

"‘indoor vs outdoor substations”

Essential Features of
Substations

Unacademy Electrical

“features of electrical substations”

|Substation Site Selection

INPTEL — Power System Engineering

“substation site selection criteria”

|Substation Layout Basics

||Learn Electrical

“substation layout components”

Single Line Diagram (SLD)

Engineering Funda

“single line diagram substation
explained”

66 kV / 132 kV Substation SLD

Power System Studies

“66 kV 132 kV substation single line
diagram”

Common Substation Bus
Layouts

NPTEL — Switchgear & Protection

“single bus double bus substation
layout”

@ How Students Should Use This Library
o Before class: Watch one video to get basic idea

o After class: Use Al tools to summarize and revise

e Before exams: Use Electrical4U + Al prompts for quick revision

e For practical understanding: Explore Virtual Labs

Mentor Tip

Al Generated content for SUBSTATION ENGINEERING

32




Students who regularly combine videos + Al explanation + diagrams understand substations faster and
perform better in theory, viva, and site visits.

External Exposure Module
Subject: Substation Engineering (Diploma — Electrical Engineering)

1. Beyond the Syllabus — Emerging Technologies

1. Digital & Smart Substations

Modern substations are rapidly shifting from conventional relay-and-wire systems to digital and smart
substations. Here, traditional copper control cables are replaced by optical fiber communication, and
protection, control, and monitoring are integrated using intelligent electronic devices (IEDs).

Link to fundamentals:

Concepts like SLDs, protection schemes, transformers, isolators, and busbars remain the same, but their
operation is digitally monitored and controlled.

Why students should care:

Smart substations are the backbone of smart grids, renewable integration, and Industry 4.0. Awareness of this
technology prepares students for future utility jobs, automation roles, and higher studies.

2. Condition Monitoring & Predictive Maintenance

Instead of waiting for equipment failure, modern substations use online sensors, thermal imaging, and data
analytics to predict faults in transformers, breakers, batteries, and busbars.

Link to fundamentals:

Students already learn routine and periodic maintenance. Predictive maintenance is an advanced extension
using real-time data.

Why students should care:

Utilities now prefer technicians who understand maintenance plus data-driven monitoring, improving
employability and safety awareness.

2. MOOC & Online Course Recommendations

1. “Electrical Power Systems” — NPTEL

Platform: NPTEL

How it helps:

Strengthens understanding of substations as part of the overall power system, including voltage levels,
switching, and protection basics.

2. “Power System Protection” — SWAYAM / NPTEL

Platform: SWAYAM / NPTEL

How it helps:

Complements substation equipment topics like relays, circuit breakers, and protection coordination learned in
Substation Engineering.

3. “Introduction to Smart Grids” — Coursera (Audit Mode)

Platform: Coursera

How it helps:

Provides awareness of how substations fit into smart grids, automation, and modern power networks without
heavy mathematics.

3. Industrial Exposure / Field Visit Suggestions (Regional Focus)

1. State Electricity Transmission Utility Substations

Type: Transmission & Grid Operations

What students observe:

EHV/HV substations (66 kV, 132 kV, 220 kV), switchyard layout, transformers, busbars, protection panels,
and safety practices.

2. Power Distribution Company (DISCOM) Substations
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Type: Distribution & Consumer Supply
What students observe:
Distribution substations, feeder control, battery rooms, control panels, and real-life fault handling.

3. Electrical Equipment Manufacturing / Testing Units

Type: Manufacturing & Quality Testing

What students observe:

Transformers, isolators, insulators, batteries, and testing procedures that directly connect theory with
hardware.

(Examples can include nearby industrial estates, utility training centers, or government power corporations.)

4. Conferences, Seminars & Technical Events

1. IEEE Power & Energy Society (PES) Conferences

Theme: Power systems, substations, smart grids

Why useful:

Exposure to global trends, industry problems, and future technologies inspires long-term learning.

2. National Power Engineering Conferences (India)

Theme: Power transmission, substations, renewable integration

Why useful:

Helps students understand India-specific challenges, standards, and career pathways.

3. Utility or Academic Workshops on Power Systems

Theme: Substation operation, safety, automation

Why useful:

Even attending as listeners builds confidence, professional vocabulary, and industry awareness.

Closing Mentorship Note ¥

Substation Engineering is not just a syllabus subject—it is the entry gate to India’s power sector careers.
Students who actively explore industries, online courses, and emerging technologies develop confidence
beyond exams. Start as a curious learner today, and you can grow into a skilled technician, supervisor, or
power system engineer tomorrow.

Remember: The best engineers are not only exam-ready, but industry-aware.

UNIT-1: INTRODUCTION TO ELECTRICAL SUBSTATIONS
Predicted Question Bank (Theory)

1. Most Repeated / High-Probability Questions
A. Very Short / Short Answer Questions
Define an electrical substation.

State any two purposes of an electrical substation.

Why are substations called “nodes” of a power system?

Write the importance of substations in India’s power infrastructure.
List any two functions of a transmission substation.

What is meant by voltage level classification of substations?
Expand EHV and HV.

What is an indoor substation?
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What is meant by site selection of a substation?

10. Define Single Line Diagram (SLD).
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B. Descriptive / Explanatory Questions
11. Explain the role of electrical substations in a power system with a neat block diagram.

12. Classify substations based on function and explain any one in detail.
13. Classify substations based on voltage level (EHV, HV, MV, LV).
14. Compare indoor and outdoor substations (any four points).

15. Explain the essential features of a good substation.

16. Describe the basic requirements for selecting a substation location.
17. Explain reliability and safety as key characteristics of substations.
18. Describe the main components of a typical substation layout.

19. Explain the importance of control room and auxiliary systems in a substation.

C. Diagram-Based / Layout-Oriented Questions
20. Draw and explain a typical substation layout showing switchyard and control room.

21. Draw a neat single-line diagram (SLD) of a 66 kV substation and explain it.
22. Draw and explain a 132 kV / 220 kV single bus substation layout.
23. Explain different bus arrangements used in substations (single bus / double bus).

(Note: Diagrams are frequently asked for 4-6 marks in diploma exams.)

2. Application & Logical Thinking Questions
(High-Scoring / Distinction-Level)
1. A substation is to be constructed near a city area. Which type (indoor or outdoor) would you
recommend and why? Justify your answer.

2. Why are higher voltage levels (EHV) preferred for transmission substations? Explain with logical
reasoning related to losses and efficiency.

3. A rrural area requires power supply with minimum land cost and easy maintenance. Which type of
substation layout would be suitable? Explain your choice.

4. How does proper site selection of a substation improve reliability and safety of the power system?
Explain with practical points.

5. Given a basic single-line diagram of a substation, explain how power flows from incoming line to
outgoing feeders.

Examiner’s Tip for Students
¢ Definitions + classification + neat diagrams = assured marks

e Practice SLD drawing of 66 kV / 132 kV substations
o Use keywords like reliability, safety, scalability, maintainability in answers

o Application questions test understanding, not memorization
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® UNIT-2 : SUBSTATION EQUIPMENT
Total Hours: 16 | Weightage: 35%
“This is the heart of the substation — here theory meets real power flow.” 5

Mastering Unit-2 means you can operate, inspect, and protect a real substation.

1. Syllabus-wise Topic Breakdown (Strictly as per GTU)

Sr Equipment Group As per GTU Syllabus

1 Power & Inter-connecting Transformers Requirement, operation, maintenance, condition monitoring
2 Isolators & Earthing Switches Types, voltage class, safety interlocks

3 Bushbars Types, materials, ratings, maintenance

4 Auto-Reclosers Types, operation, loT-based monitoring

5 Surge Arresters Types, application, maintenance

6 Insulators, Clamps, Spacers Types, materials, maintenance

7 PLCC (Power Line Carrier Communication) Components, wave trap, working

8 Batteries & DC Systems Lead-acid, Ni-Cd, charger, maintenance

2. Logical Learning Flow (Industry-based)
We do not learn randomly — we follow actual substation power flow:
Source — Transformer — Busbar — Switching — Protection — Communication — Control Power

Sequence Topic

Transformers

Busbars

Isolators & Earthing switches

Auto-reclosers

Surge arresters

Insulators, clamps, spacers

PLCC

Batteries & DC system

This sequencing builds operational understanding just like in a real substation.
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@ 3. Core, Supporting & Application Topics

Category Topics

£ Core (Exam + Industry) Transformers, Busbars, Isolators, Surge Arresters
Supporting Insulators, Clamps, Spacers
Application-Oriented  Auto-reclosers, PLCC, Batteries & DC system

O 4. Lecture-wise Time Planning (16 Hours)

Sr  Topic Hours Why this Weight?

1 Transformers 4 hrs Most expensive and critical equipment
2 Busbars 2 hrs Backbone of power distribution

3 Isolators & Earthing switches 2 hrs Safety-critical switching

4 Surge Arresters 2 hrs Protection from lightning & surges

5 Insulators, Clamps, Spacers 2 hrs Mechanical + electrical safety

6 Auto-Reclosers 2 hrs Smart distribution automation

7 PLCC 1 hr Communication for protection
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Sr  Topic Hours Why this Weight?
8 Batteries & DC System 1 hr Control & relay supply

Total 16 hrs v

' 5. Exam Importance vs Practical Relevance

Topic Exam Weight Field Importance Why

Transformers * Kk Kk kK * ¥ K F K Core of substation

Busbars * K K % * K KK Power flow

Isolators * ¥ K K * ¥ K K K Human safety

Surge Arresters * K Kk * K K % Equipment protection
Insulators & fittings * % * * K K K Reliability

Auto-reclosers * kK * kK K K Smart grid

PLCC * * * K K Protection signalling

Batteries & DC * K %k * kK K K Substation will fail without DC

® OBE & NEP-2020 Alignment

OBE Aspect How Unit-2 Supports It

CO-2 Students identify, operate & monitor substation equipment
Skill based Inspection, fault detection, maintenance

Industry 4.0 10T reclosers, condition monitoring, DC SCADA

NEP-2020 Hands-on, virtual labs, safety awareness

] Student Success Mantra
“If you understand Transformers, Busbars, Isolators and Arresters — you can survive in any substation.”
Master these four and 35% of the paper becomes easy marks 199,

W UNIT-2 | Lecture 1
Topic-1: Transformers
Duration : 60 minutes

¢ 1. Introduction (= 5 minutes)

Imagine you are sending water through a long pipeline. If the pressure is low, very little water reaches the
other end because of losses. Electricity behaves the same way. To send huge electrical power over long
distances without wasting energy, we must increase the voltage. Who does this job? — the transformer.
In every electrical substation, the transformer is like the heart of the system. If it fails, power supply to
thousands of homes, hospitals, and industries stops. Fun fact: The first practical transformer was invented in
the 1880s and it made modern power systems possible!

@ 2. Core Concepts (= 40 minutes)

@ (a) Requirement of Transformers in Substations
Electricity is generated at about 11 kV, but it is transmitted at 132 kV, 220 kV or 400 KV to reduce losses.
Near cities, voltage must be reduced again to 66 kV, 11 kV, and finally 415 V.
This continuous stepping up and stepping down of voltage is done by transformers.
Two types used in substations (as per syllabus):
e Power Transformers

e Inter-connecting Transformers

substation engg_D104009011
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@ (b) Power Transformer

A power transformer changes voltage level while keeping power nearly constant.

Example: A 220/66 kV transformer converts 220 kV from transmission lines to 66 kV for distribution
substations.

Anatomy of a Core-Type Power Transformer

— Conservator Tank
A smaller tank positioned above
the main tank for oil expansion.

Bushings
Insulated terminals on top for

connecting high-voltage lines. Breather

Filters moisture from the air
as the transformer breathes

Magnetic Core ——_ during thermal cycling.

The central assembly holding
the primary and secondary
electrical windings.

Primary Coil g 3 _ Secondary Coil

A NotebookLM

Fig. Core-Type Power Transformer
Big tank. Inside draw two coils (primary and secondary) on a magnetic core.
Outside show:
e Bushings (on top)

e Radiators (cooling fins on sides)
e Conservator tank
e Breather

These parts help in insulation, cooling and protection.

4 (c) Inter-connecting Transformer
This transformer connects two substations operating at different voltages, like 220 kV and 132 kV. It allows
power sharing and flexibility in the grid.

4 (d) Operational Checks
To keep a transformer healthy, operators regularly check:
e Qil level

e Qil temperature

e Winding temperature
e Load current

e \oltage

High temperature is dangerous because insulation may break down, leading to faults.

@ (e) Maintenance Checks
Important maintenance activities include:
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e Oil testing (BDV test) to check insulation strength
e Cleaning of bushings

e Checking radiators and fans

e Looking for oil leakage

o Tightening electrical connections

Transformer oil acts as coolant and insulation.

4 (f) Condition Monitoring

Modern substations use sensors and loT to monitor transformers in real time.
Important parameters (as in syllabus):

substation engg_D104009011

Parameter Sensor Alarm When
Oil temperature RTD Too high
Winding temperature Fiber optic Overheating
Gas in oil DGA sensor Internal fault
Oil level Float switch Low oil

Data goes to SCADA, giving early warnings before failure.

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

In India, a 400 kV power transformer can cost more than X10 crore.
If it fails, an entire city area can go dark. That is why utilities like GETCO, MSETCL, PGCIL invest heavily
in transformer monitoring.

In renewable energy plants (solar and wind), transformers step up voltage before sending power to the grid.
Smart substations now use online oil sensors and temperature alarms to avoid blackouts.

¢ 4. Summary & Q&A (= 5 minutes)
? Key Points
o Transformers change voltage levels

o Power transformers handle bulk power
e Inter-connecting transformers link different voltage networks
¢ Oil and cooling systems protect transformers

e Sensors and SCADA provide condition monitoring

? Common Doubts

Q: Why is oil important?

(7 It provides cooling and insulation.

Q: What happens if temperature rises too much?
(7 Insulation fails and transformer may burn.

§ Mentorship Note

If you master transformers, you open doors to careers in power utilities, substations, renewable energy
plants, testing and commissioning, and smart grids. Almost every electrical project — from solar parks to
city substations — depends on transformers. Learn them well today, and tomorrow you become the engineer

who keeps the lights on for the nation 5.
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& UNIT-2 | Lecture 2
Sub-Topic-1.1: Requirement of Power & Inter-Connecting Transformers
Duration : 60 minutes

4 1. Introduction (= 5 minutes)

Let me ask you a simple but powerful question:

Why don’t we send electricity from a power plant directly to our homes at 11 kV?

If we did that, your fan and TV would explode!

But more importantly, sending power at low voltage over long distances causes huge losses. The only reason
we can transmit electricity efficiently and safely across India is because of transformers.

Think of transformers as the traffic police of voltage — they increase, decrease, and direct voltage so power
reaches every user safely.

¢ 2. Core Concepts (= 40 minutes)

@ (a) Why Transformers are Required in Substations

Electricity travels through many voltage levels:

Generator (11 kV) — Transmission (220 kV) — Sub-transmission (66 kV) — Distribution (11 kV) —
Consumers (415/230 V)

Every time voltage changes, a transformer is required. Substations are nothing but a collection of
transformers and control equipment that manage this voltage journey.

@ (b) Requirement of Power Transformers
A power transformer is used to change voltage level while handling large amounts of power.
Example:
A 220/66 kV power transformer steps down 220 kV transmission voltage to 66 kV for regional distribution.
Without power transformers:
e Transmission lines would carry very high current

e Line losses (I2R) would be huge
e Conductors would overheat

So power transformers make:
o Long-distance transmission possible

e Equipment size smaller

e Power system economical

@ (c) Requirement of Inter-Connecting Transformers
An inter-connecting transformer links two substations operating at different voltages, for example:
e 220 KkV system <> 132 kV system

Why is this needed?
1. Load sharing
If 220 kV line is overloaded, power can be supplied from 132 kV system.

2. Reliability
If one voltage network fails, the other can support it.

3. Flexibility
Power flow can be controlled as per demand.

% (d) Comparison
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\Feature ||Power Transformer Hlnter—connecting Transformerl
[Mainjob ||Change voltage level ||Connect two voltage networks |
‘Used between“Transmission — Distribution“220 kV & 132 kV etc. |
IPurpose  ||Supply power |Balance & share power |

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

In large substations like 400/220 kV or 220/132 kV, inter-connecting transformers ensure grid stability.
During peak load in summer, power may flow from higher voltage to lower voltage network through these
transformers to avoid blackouts.

Renewable energy plants also use power transformers to step up solar or wind generator voltage before
feeding into the grid.

¢ 4. Summary & Q&A (= 5 minutes)
? Key Points
e Power transformers change voltage for transmission & distribution

e Inter-connecting transformers link different voltage systems
o Both improve efficiency, safety, and reliability

e Substations cannot operate without them

? Common Doubts

Q: Why not use only one voltage?

(7 Different voltages are needed for efficiency and safety.
Q: Can a power transformer act as inter-connecting?

(7 Yes, if designed to connect two voltage networks.

& Mentorship Note

Understanding why transformers are required helps you in power system design, substation operation,
renewable energy projects, and competitive exams.

Engineers who understand power flow between voltage levels are the ones trusted with grid control rooms

and substation operations. This topic is your first step toward that career 5.

UNIT-2 | Lecture 3
Sub-Topic-1.2: Operational and Maintenance Checks of Transformer
Duration : 60 minutes

@ 1. Introduction (= 5 minutes)

Imagine a X10-crore power transformer silently working day and night inside a substation. It has no moving
parts like a motor, yet it carries thousands of amperes and withstands hundreds of kilovolts. Now think —
what if no one checks its health?

Just like a patient needs regular health check-ups, a transformer needs operational and maintenance checks
to avoid sudden failure. Most transformer failures do not happen suddenly — they give warnings if we know
how to read them.

@ 2. Core Concepts (= 40 minutes)

@ (a) What are Operational Checks?

Operational checks are daily or routine observations made while the transformer is in service.
These include:
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1. Oil Level Check
Transformer oil provides cooling and insulation. If oil level falls, insulation weakens and the
transformer can flash over.

POWER TRANSFORMER WITH CONSERVATOR TANK

Fig. Transformer with a conservator tank and show oil level indicator (MOG).
2. Oil Temperature & Winding Temperature
High temperature means overloading or cooling failure.
Two thermometers are provided:

e Oil temperature indicator (OTI)
e Winding temperature indicator (WTI)

3. Load and Voltage
Overloading heats windings and reduces life.
Operators compare:

e Rated current
e Actual current

4. Noise and Vibration
A healthy transformer makes a soft humming sound. Loud noise indicates loose core or internal
fault.

4% (b) Maintenance Checks
Maintenance checks are done during shutdown or periodic inspection.
@ 1. Transformer Oil Tests
Oil is tested for:
e BDV (Breakdown Voltage)
Low BDV means moisture or impurities present.

e Colour, smell, acidity
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How We Test Insulating Oil

Two Electrodes
/ A high voltage is applied

across these, creating an

electric field in the oil.

Insulating Oil
The liquid being tested for
its ability to resist

electrical breakdown.

electrodes during the test.

A 4 Test Cell
The vessel that contains the
oil sample and submerged

=AUy el 4 @0

1. Apply Voltage 2. Observe for Breakdown 3. Determine Strength
A voltage is gradually increased The test identifies the voltage at This “breakdown voltage"” measures
across the electrodes. which a spark arcs through the oil. the oil's insulating quality and purity.

A NotebookLM

Fig. How Test Insulating Oil

¢ 2. Bushing Inspection
Bushings carry high voltage from inside to outside.

Check for:
e Cracks
e Dirt
o Oil leakage

Dirty bushings can cause surface flashover.

4 3. Cooling System

Radiators, fans, and oil pumps must work properly.

If cooling fails, temperature rises and insulation gets damaged.
& 4. Tightness and Leakage

Oil leakage means:
e Loss of insulation

e Entry of moisture

All flanges, gaskets, and joints are checked.

4 (c) Preventive Maintenance
This includes:
e Cleaning bushings

e Tightening terminals
e Testing protective relays
e Checking silica gel in breather

Silica gel changes colour when it absorbs moisture — this tells technicians when to replace it.

® 3. Real-World / Industry Applications (= 10 minutes)
Power companies like GETCO, PGCIL, MSETCL follow strict transformer maintenance schedules.
A small oil leak or a hot spot detected early can save crores of rupees.
In modern substations, sensors and SCADA continuously show:
e Temperature

e Oil level
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e Load
If any value crosses limit, alarm is generated — preventing major failures and blackouts.

€ 4. Summary & Q&A (= 5 minutes)

? Key Takeaways
e Operational checks are done daily

e Maintenance checks are periodic and detailed
o Oil, temperature, bushings, and cooling system are most critical

e Good maintenance increases transformer life

? Common Doubts

Q: Why is oil so important?

(7 It cools and insulates the transformer.

Q: What happens if oil gets dirty?

(7 Insulation strength reduces, causing internal faults.

& Mentorship Note

Engineers who understand transformer maintenance are highly valued in substations, utilities, renewable
plants, and testing companies. A well-maintained transformer can work for 40-50 years — and it is the
engineer behind it who ensures that. Master this topic, and you build the foundation of a reliable power system
5.

UNIT-2 | Lecture 4

Sub-Topic-1.3: Condition Monitoring of Transformers
Duration : 60 minutes

¢ 1. Introduction (= 5 minutes)

Let me start with a true story from a 220 kV substation.

A transformer that looked perfectly healthy suddenly failed at midnight and caused a citywide blackout. Later
investigation showed that its oil temperature and gas level were rising slowly for many days — but no
one noticed.

Today, modern substations no longer “wait for failure.” They use condition monitoring — just like a
smartwatch tracks our heartbeat and warns us before a heart attack.

Condition monitoring allows engineers to see inside the transformer while it is running and prevent failures
before they happen.

@ 2. Core Concepts (= 40 minutes)

% (a) What is Condition Monitoring?
Condition monitoring means continuous observation of transformer health using sensors and testing
methods while it is in service.
It answers three questions:
1. Is the transformer healthy?

2. s it overloaded?

3. Is a fault developing inside?

4 (b) Important Parameters Monitored
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\Parameter HWhat it tells us \
|Oil temperature  ||Overloading, cooling failure|
\Winding temperature|Internal heating |
Oil level |Leakage or insulation risk |
Gas in oil Internal faults |
Moisture |Insulation weakness |
Load current |Overloading |

Temperature Display

Temperature Sensor

4 (c) Sensors and Methods

4 1. Temperature Sensors
e RTD (Resistance Temperature Detector) measures oil temperature

o Fiber optic sensors measure winding temperature

Fig. Transformer with a temperature sensor inside winding connected to a digital display.

4 2. Oil Level Sensor

A float switch in conservator tank indicates oil level.

& 3. DGA (Dissolved Gas Analysis)

When insulation breaks down, gases like hydrogen, methane, acetylene dissolve in oil.
A DGA sensor detects these gases.

High acetylene = arcing

High hydrogen = overheating

€ 4. Moisture Sensor

Measures water in oil. Moisture reduces insulation strength.

@ (d) Alarm Thresholds (Typical Values)
\Parameter HNormaIHAIarm HDanger
Oil temperature ||< 70°C |[70-85°C |> 90°C

|
1
il level |Normal [Low  |[Very low |
1

\Winding temperature|/< 80°C |[80-100°C|[> 110°C
Gas level [Low  |[Moderate [High
Load current |Rated |[Overload |Severe overload

When alarm limit is crossed, SCADA system gives warning to operators.
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@ (e) Data Flow

Sensors Data SCADA Control Room Alarm & Action

P =SB

Fig. Block diagram
Sensors — Data acquisition unit — SCADA — Control room — Alarm & action

This allows 24x7 remote monitoring.

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

Power utilities like PGCIL, GETCO, MSETCL use online condition monitoring for large transformers.

If DGA shows rising acetylene, engineers schedule inspection before explosion occurs.

In wind and solar plants, transformers are in remote areas. Sensors and loT allow engineers in city offices to
monitor them and avoid breakdowns.

¢ 4. Summary & Q&A (= 5 minutes)
? Key Takeaways
e Condition monitoring keeps transformers safe

e Temperature, oil, gas and moisture are critical
e Sensors send data to SCADA

o Alarm thresholds prevent failures

? Common Doubts

Q: Why not just do periodic maintenance?

(= Some faults develop between inspections — online monitoring catches them early.
Q: What is DGA?

(7 It detects gases formed due to internal transformer faults.

§ Mentorship Note

Condition monitoring is part of Industry 4.0 and smart substations. Engineers skilled in SCADA, sensors,
and transformer diagnostics are in high demand in power utilities and renewable energy companies. Master
this topic and you move from “maintenance technician” to smart grid engineer

UNIT-2 | Lecture 5
Topic-2: Isolators (with and without Earthing Switch) — (as per 1S 9921 Parts 1-5)
Sub-Topics : 2.1 Types & Voltage Class

Duration : 60 minutes

1. Introduction (= 5 minutes)

Imagine you are a substation engineer and a 132 kV transformer has to be serviced. Would you simply switch
off the breaker and touch the equipment? Of course not! Even after switching OFF, hidden voltages may
remain. This is where isolators and earthing switches become life-saving equipment.
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Fun fact: Many serious substation accidents in the past were not due to breakers, but because isolators or
earthing switches were wrongly operated! That is why Indian Standards (IS 9921) give special importance to
their design and safety.

2. Core Concepts (= 40 minutes)

What is an Isolator?

An isolator is a mechanical switch used to disconnect a part of the electrical system from the live supply.
Unlike a circuit breaker, it cannot break load current. It is operated only when the circuit is already de-
energized.

An earthing switch is attached to many isolators. It connects the isolated line to earth to remove any trapped
or induced voltage.

Voltage Classes of Isolators
Isolators are designed according to voltage levels such as:
e 11 kV, 33 kV (distribution)

e 66 kV, 132 kV, 220 kV, 400 kV (transmission)

Higher voltage isolators are larger and need bigger safety clearances.

Types Based on Break Mechanism
» 1. Horizontal Break Isolator
e The moving blade opens sideways like a door.

e Commonly used in medium voltage substations.

» 2. Vertical Break Isolator
e The blade moves upward.

e Requires less horizontal space, used in crowded switchyards.

» 3. Double Break Isolator
e Has two breaking points.

o Reduces mechanical stress and improves reliability for high voltages.

»* 4. Centre Break Isolator
e The conductor splits into two halves and opens from the center.

e Very common in 132 kV and above systems.

Centre-break Isolator

Fig. Three poles with a rotating blade opening from the middle for a centre-break isolator.
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Manual and Motorized Isolators
¢ Manual Isolator
e Operated by hand lever or rod.

e Used in small substations.

£ Motorized Isolator
e Operated using electric motor from control room.

e Used in large substations for safety and remote control.

With and Without Earthing Switch

v Without Earthing Switch

Only disconnects the line. Not fully safe for maintenance.

v With Earthing Switch

After isolation, the earthing switch connects the line to ground, removing all residual charge.
This protects technicians from electric shock.

3. Real-World / Industry Applications (= 10 minutes)
In a 132 KV substation, before repairing a transformer feeder:
1. Circuit breaker opens.

2. Isolator opens to give visible separation.
3. Earthing switch is closed to ground the line.
4. Maintenance staff work safely.

In modern substations, motorized isolators allow switching from the control room using SCADA. This
improves speed and safety.

4. Summary & Q&A (= 5 minutes)
Key Takeaways
o Isolators provide visible isolation.

e They are never operated on load.
e Types include horizontal, vertical, centre break and double break.
o Earthing switch ensures human safety.

Common Student Doubts

Q: Why not use circuit breaker instead of isolator?

A: Circuit breaker interrupts current; isolator ensures visible safety separation.
Q: Is earthing switch compulsory?

A: For safety, yes—especially in high voltage substations.

Mentorship Note 3

Understanding isolators is not just for exams—it is a life-saving skill. As a technician or engineer, correct
isolator and earthing switch operation can protect equipment worth crores and save human lives. Master this
topic and you become a safety guardian of the power system, a highly respected role in power utilities and
substations.

i® UNIT-2 | Lecture 6
Topic-2: Isolators (with and without Earthing Switch) — (as per 1S 9921 Parts 1-5)
Sub-Topic-2.2: Pad-Locking & Safety Interlocking of Isolators and Earthing Switches

Al Generated content for SUBSTATION ENGINEERING 48




Duration : 60 minutes

@ 1. Introduction (= 5 minutes)

If an isolator is open, is the line always safe to touch?

The shocking truth is — not always. Wrong switching, accidental operation, or trapped charge can turn a
“safe” line into a deadly one. That is why pad-locking and interlocking systems are used. These are the
guardians of human life in substations.

Fun fact: Modern safety systems were introduced after many fatal accidents in early substations where
workers unknowingly worked on live lines.

@ 2. Core Concepts (= 40 minutes)

@ (a) Why Safety Interlocking is Needed
In a substation, three operations must happen in correct order:
1. Circuit breaker opens

2. lIsolator opens
3. Earthing switch closes

If this order is violated, dangerous short circuits or electric shocks may occur. Safety interlocking ensures
this sequence is never broken.

4 (b) Pad-Locking Arrangement
A pad-lock is a simple but powerful safety tool.
It is used to:

e Lock isolator in OPEN position

o Lock earthing switch in CLOSED position during maintenance

@? Only authorized staff have the key.
This follows Lock-out / Tag-out (LOTO) principle.

% (c) Mechanical Interlocking
Mechanical interlocking uses levers, rods and cams to physically block wrong operation.
Example:

e Earthing switch cannot close unless isolator is open

e Isolator cannot close if earthing switch is ON

This system works even without electricity — making it very reliable.

4 (d) Electrical Interlocking
Electrical interlocking uses auxiliary contacts, relays and control circuits.
Example:

e If circuit breaker is ON, isolator motor will not get power

o If earthing switch is ON, isolator closing circuit is blocked
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Isolator
motor enable

— [

Used in SCADA controlled substations
(Lock-out / Tag-out)

CB status

Fig. Block diagram
CB status — Relay — Isolator motor enable
This type is used in SCADA controlled substations.

@ (e) Combined Safety System
Modern substations use:
e Mechanical interlocking

o Electrical interlocking
e Pad-locking

Together they create a triple-layer safety system.

4 3. Real-World / Industry Applications (= 10 minutes)
Before transformer maintenance:
1. Breaker is opened

2. Isolator is opened
3. Earthing switch is closed
4. Pad-lock is applied

Only then technicians are allowed to work.
In SCADA substations, even if someone presses a wrong button, interlocks prevent unsafe operation.
Power companies like GETCO, PGCIL follow these rules strictly to avoid accidents.

¢ 4. Summary & Q&A (= 5 minutes)
? Key Points
o Pad-locks prevent accidental operation

e Mechanical interlocking blocks wrong movement
e Electrical interlocking blocks wrong commands

o All three together ensure human safety

? Common Doubts

Q: Can we rely only on electrical interlocking?

(3 No. Mechanical interlocking is needed as backup.
Q: Why pad-locking if interlocks exist?

(7 To ensure no human mistake can bypass the system.

§ Mentorship Note

Engineers who understand interlocking and lock-out systems become safety leaders in substations. Whether
you work in maintenance, operation, or SCADA, this knowledge protects both equipment worth crores
and human lives. In power engineering, safety awareness is what turns a technician into a true professional.
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8 UNIT-2 | Lecture 7

Topic-3: Busbars

Sub-Topic-3.1 : Types & Materials
Duration : 60 minutes

@ 1. Introduction (= 5 minutes)

Let me ask you a simple guestion:

If transformers are the heart of a substation, what are the blood vessels that carry power to all outgoing
feeders?

The answer is Busbars.

A substation without busbars is like a city without roads — power may be generated, but it cannot be
distributed.

Fun fact: In a large 400 KV substation, the busbars can carry more than 3000 amperes continuously, enough
to power an entire city!

¢ 2. Core Concepts (= 40 minutes)

4 (a) What is a Busbar?
A busbar is a conductor that collects electrical power from incoming feeders and distributes it to outgoing
circuits inside a substation.
It must be:
e Highly conductive

e Mechanically strong

o Capable of carrying heavy current safely

% (b) Types of Busbars (as per 1S 8084)
Busbars are classified based on construction:

¢ 1. Rigid Busbar
e Made of aluminum or copper tubes or bars

e Mounted on insulators

e Used in substations for high currents

Fig. Straight aluminum pipe supported on insulators.

@ 2. Strain Busbar
e Made using tensioned conductors

o Used where bus length is large

& 3. Flexible Busbar
e Uses stranded conductors
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e Allows thermal expansion

e Suitable for compact substations

4 (c) Busbar Materials (as per IS 5082)
The performance of busbar depends mainly on its material.

Material Features

Aluminum Pipes Light weight, corrosion resistant
ACSR (Aluminum Conductor Steel Reinforced) High mechanical strength

AAC (All Aluminum Conductor) High conductivity

Aluminum is preferred because:
o Itischeaper

e It resists corrosion

e Itis lightweight
Copper is also used in indoor panels, but aluminum dominates in outdoor substations.
4% (d) Why Different Materials are Used?

Think of it like roads:
e Small streets — copper

e Highways — aluminum conductors

Large substations require conductors that can carry heavy loads and withstand wind, heat, and fault currents.

4 3. Real-World / Industry Applications (= 10 minutes)
In a 220 KV substation, aluminum tube busbars are used to distribute power from transformers to outgoing
feeders.
In indoor switchgear panels, copper busbars are used due to compact space and high conductivity.
Utilities like GETCO and PGCIL carefully select busbar material based on:

e Voltage level

e Current

e Weather conditions
Proper busbar selection ensures minimum power loss and high reliability.
¢ 4. Summary & Q&A (= 5 minutes)

? Key Takeaways
e Busbars distribute power within a substation

e Types: rigid, strain, flexible
e Materials: aluminum pipes, ACSR, AAC

e Aluminum is most common for outdoor substations

? Common Student Doubts

Q: Why not use copper everywhere?

(3 Because copper is expensive and heavy.

Q: Why flexible busbars?

(3 They absorb thermal expansion and vibrations.

Al Generated content for SUBSTATION ENGINEERING 52




§ Mentorship Note

If you understand busbars, you understand power flow inside a substation. This knowledge helps in layout
design, safety checks, and maintenance jobs. Field engineers who know how to inspect and select busbars
become valuable assets in power utilities and EPC companies. Keep learning — the grid depends on

engineers like you 5.

i® UNIT-2| Lecture 8
Sub-Topic-3.2: Busbars — Ratings, Functions & Maintenance
Duration : 60 minutes

4 1. Introduction (= 5 minutes)

If a busbar is carrying thousands of amperes every second, what happens if its size or rating is wrong?
The answer is simple — overheating, power loss, or even fire.

In substations, busbars silently carry massive power. They don’t rotate like motors or make noise like
transformers, yet they are one of the most critical components. Their ratings and maintenance decide
whether power flows smoothly or disasters occur.

@ 2. Core Concepts (= 40 minutes)

4 (a) Ratings of Busbars

According to the syllabus and IS standards, a busbar is selected based on several ratings .

1. Rated Voltage

This is the maximum system voltage the busbar can withstand safely (e.g., 66 kV, 132 kV, 220 kV).

2. Rated Current (Ampacity)
It is the maximum continuous current the busbar can carry without overheating.
More current — thicker busbar needed.

3. Short-Time Withstand Current

During a fault, very high current flows for a short time.
The busbar must withstand this without melting or bending.
Example: 25 kA for 1 second.

4. Peak Withstand Current
This is the maximum instantaneous current during a fault.

5. Temperature Rise Limit
Busbars must not exceed safe temperature limits even at full load.

@ (b) Functions of Busbars

Busbars perform two main functions :

1. Switching

They help in connecting and disconnecting circuits during maintenance or fault conditions.
2. Power Transfer & Distribution

Busbars collect power from transformers and distribute it to multiple outgoing feeders.
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Anatomy of a Single Bus Transformer System

Transformer
Connects to the bus to =
supply power to the system. -

Single Bus
Acts as a central connection
point for all system components.

Multiple Feeders

Branch out from the bus to distribute power to different loads.

A NotebookLM

Fig. Single bus system showing transformer connected to multiple feeders.

4 (c) Maintenance of Busbars
Since busbars are always live, their maintenance is very important.
1. Joint Inspection

e Loose joints cause heating and power loss

e Bolts and clamps must be tight

2. Corrosion Check
e Aluminium busbars can corrode in polluted or coastal areas

e Corrosion increases resistance and heat

3. Visual Inspection
Look for:
o Discoloration

e Cracks
e Burning marks

These indicate overheating or faults.

¢ 3. Real-World / Industry Applications (= 10 minutes)
In a 132 kV substation, large aluminium tube busbars carry power from transformers to feeders.
Technicians regularly:

e Measure joint temperatures using thermal cameras

e Inspect for corrosion
e Tighten joints during shutdowns

Power companies like GETCO and PGCIL follow strict busbar inspection schedules to avoid supply failure
or fire hazards.

€ 4. Summary & Q&A (= 5 minutes)
? Key Points
o Busbar ratings include voltage, current, short-time and peak withstand
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e Functions: switching and power distribution
e Maintenance includes joint inspection and corrosion checks

? Common Student Doubts
Q: Why are temperature rise limits important?

(7 Because excess heat damages conductors and insulation.
Q: What happens if joints are loose?

(3 Power loss, heating, and possible fire.

& Mentorship Note

Understanding busbar ratings and maintenance makes you valuable in substation operation, testing, and
safety audits. Engineers who can detect heating, corrosion, or wrong ratings prevent major blackouts. Master
this topic, and you move closer to becoming a reliable power system professional 5.

i UNIT-2 | Lecture 9

Topic—4: Auto-Reclosers (IS 7567)

Sub-topics 4.1 : Types (Single-phase, Three-phase) & Functions (Automatic Fault Clearing, Circuit
Restoration)

Duration : 60 minutes

@ 1. Introduction (= 5 minutes)

Have you ever noticed that sometimes when there is a fault on a line, the power goes OFF for just a few
seconds and then comes back automatically?

That “magic” is not done by a human—it is done by an Auto-Recloser.

Fun fact: About 80% of faults on overhead lines are temporary—Iike tree branches, birds, lightning, or
wind-blown wires. If we permanently trip the supply for such faults, consumers will face unnecessary
blackouts. Auto-reclosers are the smart guardians of the distribution system.

@ 2. Core Concepts (= 40 minutes)

% (a) What is an Auto-Recloser?
An auto-recloser is a protective switching device that:
o Detects a fault

e Opens the circuit
e Waits for a short time
e Closes the circuit again automatically

If the fault is temporary, the supply is restored. If it is permanent, the recloser locks open.

@ (b) Types of Auto-Reclosers

@ 1. Single-Phase Auto-Recloser
e Operates on one phase only

e Used mainly in rural distribution lines

e Reduces outage area

¢ 2. Three-Phase Auto-Recloser
e Operates on all three phases
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e Used in industrial and urban feeders

o Ensures balanced system operation

@ (c) Working of Auto-Recloser
Fault — Recloser trips — Wait time — Reclose —

» If fault cleared — Supply continues
» If fault remains — Trip again — Lockout

4 (d) Functions of Auto-Reclosers

@ 1. Automatic Fault Clearing
When a short-circuit or earth fault occurs:
o The recloser quickly disconnects the faulty section

o Protects equipment from damage

4 2. Circuit Restoration
If the fault disappears:
o Recloser closes automatically

o Power is restored without human intervention
This improves reliability and customer satisfaction.

4% (e) Why Auto-Reclosers are Better than Simple Circuit Breakers
Circuit Breaker|Auto-Recloser |

[Trips once | Tries multiple times |
IManual reset  |[Automatic reset |
\No intelligence HSmart fault handling\

4 3. Real-World / Industry Applications (= 10 minutes)
In overhead 11 kV and 33 kV feeders, auto-reclosers reduce power interruptions due to:
e Tree branches

e Birds
e Lightning
e Wind-induced conductor clash

Modern auto-reclosers are connected to SCADA systems so engineers can see:
o Fault location

e Number of reclose attempts
e Eventlogs

Utilities like GETCO and DISCOMs use them to improve SAIDI and SAIFI (reliability indices).

@ 4. Summary & Q&A (= 5 minutes)
? Key Takeaways
e Auto-reclosers clear temporary faults automatically

o Types: Single-phase and Three-phase
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e They reduce outage time and improve reliability

? Common Student Doubts
Q: Why not reclose forever?

(7 Because permanent faults can damage equipment.
Q: Where are reclosers mostly used?

(s On overhead distribution feeders.

$ Mentorship Note
Auto-reclosers are the backbone of smart distribution networks. Understanding them prepares you for
careers in distribution utilities, protection engineering, and SCADA operations. Engineers who master

reclosing logic play a key role in building reliable and smart grids of the future 5.

UNIT-2 : Lecture 10

Topic—4 : Auto-Reclosers (IS 7567)

Sub-topic 4.2 — Contact checks, Reclosing mechanism inspection & loT-enabled fault logging and
remote configuration

Duration : 60 minutes

1. Introduction (= 5 minutes)

Imagine a stormy night when a tree branch touches an overhead line. The power goes off for a few seconds
and then comes back automatically. Have you ever wondered who did that switching?
It was not a human operator sitting in the substation — it was an Auto-Recloser doing its smart job!

But what makes this device reliable? The answer lies in healthy contacts, a perfect reclosing mechanism,
and modern loT-based monitoring. Today’s lecture focuses on how engineers keep auto-reclosers fit and
intelligent.

2. Core Concepts (= 40 minutes)
A. Contact Checks in Auto-Reclosers
The contacts of an auto-recloser are the parts that open and close the circuit during faults. They behave like
heavy-duty electrical switches.
Why check contacts?
Every time a fault occurs, an electric arc is formed. This causes:
e Contact burning

e Pitting (small holes)
e Increase in contact resistance

If contacts become damaged, they may not close properly, leading to heating, power loss, or failure.
Routine Contact Checks include:
e Visual inspection for erosion and discoloration

e Measuring contact resistance using a micro-ohmmeter

e Checking alignment and pressure

B. Reclosing Mechanism Inspection

The reclosing mechanism is the heart of an auto-recloser. It controls how many times and how fast the
breaker will try to close after a fault.

Typical reclosing sequence:
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Fault occurs — breaker opens
Wait time (dead time)
Breaker closes again

If fault remains — opens again

o & w0 bpoRE

Repeats for 34 shots

Inspection includes:
e Checking springs, motors, and hydraulic or magnetic drives

e Lubrication of moving parts
o Verifying timing sequence (open-close-open)

e Checking energy storage units (spring or capacitor)

2 [ C L[ &
FAULT RELAY B s LINE

|G

AUTO-RECLOSE
SIGNAL
Fig. Block diagram: Fault — Relay — Reclosing unit — Circuit breaker — Line

C. loT-Enabled Fault Logging
Modern auto-reclosers use 10T (Internet of Things) technology.
Sensors measure:

o Fault current

e Voltage

e Number of operations
e Temperature

e Time of fault

All this data is sent to a control center via GSM, fiber or wireless communication.
This allows:
e Fault history recording

e Identifying weak feeders

e Planning preventive maintenance
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Fig. Recloser connected to a cloud symbol, then to a control room PC.

D. Remote Configuration
Earlier, engineers had to travel to the site to change recloser settings. Now, with I0T:
e Trip current

o Number of reclosing attempts

e Time delay
can be changed from the control room.

This makes the system:

e Faster
e Safer
e Smarter

3. Real-World / Industry Applications (= 10 minutes)
In Indian utilities like GETCO, MSEDCL, and PGVCL, thousands of auto-reclosers protect rural and urban
feeders.
For example, if a monkey causes a temporary fault on a line:
e Auto-recloser opens

e Waits 5 seconds
e Closes again
e Power is restored

If 10T shows frequent faults at the same location, maintenance teams are sent before a major breakdown
occurs. This saves time, money, and customer complaints.

4. Summary & Q&A (= 5 minutes)
Key Takeaways
o Contacts must be clean and healthy for reliable switching

e Reclosing mechanism ensures automatic restoration
e 10T helps in fault analysis and preventive maintenance
e Remote configuration reduces downtime

Typical Student Doubts
? Why not close the breaker only once?
Because most faults are temporary. Multiple reclosing improves supply continuity.
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? Is loT safe?
Yes, when protected with proper cybersecurity and authentication.

Mentorship Note @

If you master auto-recloser testing, inspection, and loT monitoring, you will be highly valuable to power
utilities, smart grid projects, and substation automation companies. These skills are in demand for future
digital substations, making you not just an electrician—but a smart power engineer.

i® UNIT-2 | Lecture 11

Topic-5 : Surge Arresters
Sub-Topic-5.1: Surge Arresters — Types
Duration : 60 minutes

4 1. Introduction (= 5 minutes)

Have you ever seen a tall transmission tower struck by lightning and yet the lights in your home stay ON?
That protection is not luck — it is because of a silent superhero called the Surge Arrester.

A lightning strike can create voltages of millions of volts for a fraction of a second. If such surges reach
transformers, breakers, or control panels, they can cause instant damage worth crores of rupees. Surge
arresters act like a pressure relief valve, safely diverting these dangerous surges to earth.

¢ 2. Core Concepts (= 40 minutes)

4 What is a Surge Arrester?
A surge arrester is a protective device connected between line and earth.
It:

o Allows normal voltage to pass

o Blocks over-voltage

e Conducts surge current safely to ground

% Types of Surge Arresters (as per IS 3070 & IEC 60099-4)
A. Expulsion Type Surge Arrester
This is one of the oldest types.
Construction:
e Fibre tube

e Spark gap
o Earthed electrode
Working:
When lightning strikes:
e Spark gap breaks down
e Arc forms inside tube
e Hot gases are expelled (hence “expulsion”)

e Arc is blown out

Features:
e Cheap

e Used in distribution lines
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e Not suitable for high voltages

B. Thyrite Type Surge Arrester
This type uses non-linear resistors made from silicon carbide (SiC), called thyrite.
Property:

e High resistance at normal voltage

o Low resistance at surge voltage

So during lightning:
e Resistance drops

e Surge current flows to earth

Used in:
Medium and high-voltage substations.

C. Metal Oxide (MO) Surge Arrester (IEC 60099-4)
This is the most modern and best type.
It uses Zinc Oxide (ZnO) varistors.
Key advantages:
o No spark gaps

e Very fast operation
e Very low residual voltage
o High energy absorption

Why no spark gap?
Because ZnO material automatically changes resistance with voltage.
Used in:

e EHV substations

e Transformers

e GIS and HVDC systems

€ 3. Real-World / Industry Applications (= 10 minutes)
Ina 132 kV or 220 kV substation, MO surge arresters are installed:
e At transformer terminals

e On busbars
e Onincoming lines

During a lightning strike, they conduct the surge to the earthing grid in microseconds, saving expensive
equipment.

Power companies like GETCO and Power Grid India use MO arresters because of their high reliability
and low maintenance.

¢ 4. Summary & Q&A (= 5 minutes)
? Key Takeaways
e Surge arresters protect against lightning and switching surges

e Types: Expulsion, Thyrite, and Metal Oxide

e MO arresters are most widely used today
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? Common Doubts

Q: Why not use fuses instead?

(7 Fuses cannot react fast enough to lightning surges.

Q: Why MO arresters are preferred?

(7 They are faster, more reliable, and need no spark gaps.

$ Mentorship Note
Understanding surge arresters makes you an expert in substation protection systems. These skills are
essential for working in power utilities, transmission companies, and renewable energy plants. Engineers

who know how to protect equipment are always in demand in the power sector 5.

&) UNIT-2 | Lecture 12

Topic-5 : Surge Arresters

Sub-Topic-5.2: Surge Arresters — Application, Routine & Periodic Maintenance
Duration : 60 minutes

4 1. Introduction (= 5 minutes)

Let me begin with a real-life thought. Imagine you buy a very expensive smartphone but never use a screen
guard. One fall, and it is damaged.

In a substation, surge arresters are the screen guards for transformers, breakers, and lines. They protect
equipment from lightning and switching surges.

But remember — even the best protection device must be properly applied and regularly maintained,
otherwise it becomes useless when a surge actually arrives.

@ 2. Core Concepts (= 40 minutes)

% (a) Application of Surge Arresters
Surge arresters are installed wherever sensitive and costly equipment must be protected. According to the
syllabus, their main applications are in substations and power lines .
Common installation locations:
e At transformer terminals

e On busbars

e Onincoming and outgoing feeders
e Near circuit breakers

e On overhead transmission lines

Purpose of correct application:
e Divert lightning and switching surges to earth

e Limit over-voltage across equipment

e Prevent insulation breakdown

@ (b) Why Maintenance is Necessary
Surge arresters operate during every surge. Over time:
e Internal components heat up

e Moisture may enter
e Zinc oxide blocks may degrade

Without maintenance, the arrester may:
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e Fail to protect
e Explode or short-circuit

o Damage connected equipment

4 (c) Routine Maintenance Procedures
These are done during regular inspections.
1. Visual Inspection

e Check for cracks in porcelain or polymer housing
e Look for burn marks or discoloration

e Ensure no physical damage

2. Check Earthing Connection

o Earth wire must be tight and corrosion-free

o Loose earthing makes arrester useless

3. Clean Surface

e Dust, salt, or pollution reduces insulation strength

o Cleaning improves performance

% (d) Periodic Maintenance Procedures
These are carried out during shutdowns.
1. Insulation Resistance Test

e Measured using a megger

e Low value indicates moisture or internal damage
2. Leakage Current Measurement

e High leakage current shows arrester deterioration
3. Thermal Inspection

e Hot spots detected using infrared camera

4. Replacement if Required

o If arrester fails tests, it must be replaced immediately

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

In 220 kV and 400 KV substations, metal oxide surge arresters are installed near every transformer and
busbar.

During monsoon, utilities like GETCO and PGCIL conduct frequent inspections because lightning is
common.

If an arrester shows high leakage current or cracks, it is replaced before failure occurs. This prevents
transformer outages worth crores of rupees and avoids blackouts.

® 4. Summary & Q&A (= 5 minutes)
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? Key Takeaways
o Surge arresters protect against lightning and switching surges

e Correct placement is very important
e Routine and periodic maintenance ensures reliability

o Earthing and cleanliness are critical

? Common Student Doubts

Q: Can surge arresters fail?

(7 Yes, due to aging, moisture, or heavy surge duty.

Q: What happens if earthing is poor?

(7 Surge energy cannot go to ground, so equipment gets damaged.

& Mentorship Note
Knowing how to apply and maintain surge arresters makes you a valuable technician in substations,
transmission lines, and renewable energy plants. Engineers who prevent surge damage save utilities from

huge losses. Master this topic and you step into the role of a true protector of the power system 5.

i UNIT-2 | Lecture 13

Topic — 6 : Insulator, strings, Clamps and Connectors, Spacers
Sub-Topic - 6.1: Insulator Types, Clamps & Connectors
Duration : 60 minutes

1. Introduction (= 5 minutes)

Imagine you are standing inside a 220 kV substation. Thick conductors are carrying thousands of amperes, yet
they are safely supported on metal structures without causing short circuits. What invisible hero makes this
possible? Insulators.

Just like rubber soles in your shoes protect you from electric shock, insulators protect electrical equipment
and structures from dangerous currents. Similarly, clamps and connectors are like the joints and bolts in
a bridge — if they fail, the entire power flow becomes unsafe. Today we will learn how these silent guardians
keep substations reliable and safe.

2. Core Concepts (= 40 minutes)
A. Insulators — Purpose and Types
Insulators are devices that support current-carrying conductors and prevent leakage of electricity to the
ground. In substations, they must withstand:
e High voltage

e Mechanical load
o Weather conditions

e Pollution and moisture

Main Types of Insulators
1. Porcelain Insulators
These are made from glazed ceramic.
Types:
o Disc type: Small discs joined to form a string for transmission lines
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e Long rod type: One-piece insulator used for high voltage

e Hollow bushing type: Used in transformer bushings to carry conductors through grounded tanks
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Fig. A vertical tower with a string of round discs hanging and supporting a conductor.
2. Composite Insulators
Made of fiberglass core with silicone rubber outer coating.

They are:
e Lightin weight

e Highly resistant to pollution
e Strong and flexible

Used widely in modern substations.

3. Silicon Rubber Insulators

Special polymer insulators with water-repelling (hydrophobic) property — ideal for coastal and industrial
areas.

4. Bus Post Insulators

Used to support busbars inside substations.

B. Clamps and Connectors
These are metallic fittings used to connect conductors to equipment, busbars, or insulators.
They must have:

e Low electrical resistance

e High mechanical strength
e Corrosion resistance

Materials Used
e Aluminium alloy casting type A6 — light and strong

e Bi-metallic strips — used when copper and aluminium are joined
e Galvanised mild steel — used for strength and rust protection

Types
e Suspension clamps — hold conductors on insulator strings

Al Generated content for SUBSTATION ENGINEERING 65




o Dead-end clamps — used at line terminations
e PG connectors — tap connections

e Busbar connectors — join busbars

Securing a Conductor: The Bolted Clamp Method

Step 1: The Components Step 2: The Assembly

The Conductor The U-Shaped Clamp

The wire or cable that A metallic, U-shaped piece
requires secure fastening. that cradles and holds
the conductor.

The Bolted Fastener

The nut and bolt used to
apply clamping force.

Conductor is Fixed Clamp is Bolted Tightly

The conductor is placed The bolt is tightened to secure the
within the clamp. clamp, firmly holding the conductor.

A NotebookLM

Fig. A conductor fixed with a U-shaped metallic clamp bolted tightly.

3. Real-World / Industry Applications (= 10 minutes)
In every substation:
o Insulators keep 132 kV or 220 kV conductors safely separated from grounded steel structures.

o Composite insulators are preferred in polluted industrial areas because they do not collect dust
gasily.

e Clamps and connectors ensure smooth power flow from transformers to busbars without
overheating.

A loose connector can cause sparking, overheating, and even fire — which is why maintenance teams
regularly check and tighten them.

4. Summary & Q&A (= 5 minutes)
Key Takeaways
o Insulators prevent current leakage and support conductors

e Porcelain, composite, and silicon rubber are commonly used
e Clamps and connectors ensure safe electrical and mechanical connections
o Proper material selection avoids corrosion and overheating

Common Student Doubts

Q: Why use composite insulators instead of porcelain?

A: They are lighter, stronger, and better for polluted areas.
Q: Why are bi-metallic connectors needed?

A: To safely join copper and aluminium without corrosion.

§ Mentorship Note

Mastering insulators, clamps, and connectors is essential for substation maintenance engineers, field
technicians, and power utility jobs. These components may look small, but they decide whether a substation
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runs safely or fails dangerously. If you understand them well, you will be trusted with real high-voltage
systems in your future career. 5

UNIT-2 | Lecture 14

Topic — 6 : Insulator, strings, Clamps and Connectors, Spacers

Sub-Topic-6.2: Non-Magnetic Spacers & Maintenance of Insulators, Clamps and Connectors
Duration : 60 minutes

4 1. Introduction (= S minutes)

Imagine two heavy conductors in a substation carrying thousands of amperes. During a fault, they start
vibrating and trying to pull toward each other like powerful magnets. If they touch — BOOM! — a short
circuit can occur.

What stops this from happening?

The answer is Spacers — especially non-magnetic spacers — along with regular maintenance of insulators
and connectors. These small components silently prevent major failures in high-voltage systems.

¢ 2. Core Concepts (= 40 minutes)

4 A. Non-Magnetic Spacers
Spacers are devices placed between conductors of twin, quad, or bundle busbars to:
e Maintain correct spacing

e Prevent conductor swinging
e Avoid short-circuits

Why Non-Magnetic?
In substations, large currents create strong magnetic fields. If spacers were made of magnetic materials, they
would:

o Get attracted

e Heatup
o Distort conductor alignment

So spacers are made from:
e Aluminium alloys

e Non-magnetic stainless steel

e Polymer composites

Principles of Non-Magnetic Busbar Spacers
—— The Non-Magnetic Requirement
NS s e

Avoiding Magnetic

Protecting
tf

Parallel Busbar Configuration
Two by

Fig. Two parallel busbars with a spacer in between holding them apart.

4 B. Routine Maintenance
Routine maintenance is done while the system is in service or during minor shutdowns.
1. Visual Inspection
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e Look for cracked insulators
e Check for rust on clamps
o See if spacers are loose or broken

2. Cleaning
o Dust, salt, and pollution cause surface leakage

o Insulators are cleaned using dry cloth or water jet

3. Earthing & Tightness Check
o All clamps and connectors must be tight

e Loose joints cause heating and sparking

4 C. Periodic Maintenance

Performed during major shutdowns.

1. Insulation Resistance (IR) Test
e Using a megger

e Low value indicates moisture or dirt

2. Mechanical Strength Check
e Check insulator pins, spacers, and bolts

3. Thermal Scanning
e Hot joints indicate loose or corroded connectors

4. Replacement
o Damaged insulators or spacers must be replaced immediately

Flowchart:
Inspection — Testing — Fault found? — Repair or Replace — System healthy

¢ 3. Real-World / Industry Applications (= 10 minutes)
In 132 kV and 220 kV substations, bundled busbars use non-magnetic spacers to keep phases properly
separated even during faults.
Utilities like GETCO and Power Grid schedule:
e Monthly visual checks

e Annual detailed inspections

This prevents busbar flashovers, conductor damage, and power outages, ensuring continuous supply to
industries and cities.
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€ 4. Summary & Q&A (= 5 minutes)

? Key Takeaways
o Non-magnetic spacers prevent conductor attraction and short circuits

e Routine maintenance finds early problems
o Periodic maintenance ensures long-term reliability

e Clean and tight joints are essential

? Common Student Doubts

Q: Why not use steel spacers?

(7 Steel is magnetic and unsafe in high current systems.

Q: What happens if a spacer fails?

(3 Conductors may swing and touch, causing a serious fault.

& Mentorship Note
If you understand spacers and maintenance practices, you are ready for roles in substation maintenance,
inspection, and reliability engineering. These skills make you the kind of engineer who prevents failures

before they happen — a highly valued professional in the power industry 5.

i UNIT-2 | Lecture 15

Topic-7: Power Line Carrier Communication (PLCC)
Duration : 60 minutes

1. Introduction (5 minutes)

Students, imagine this: a fault occurs 150 km away on a 220 kV transmission line. Within milliseconds, the
circuit breaker at the far-end substation trips—without any mobile phone, internet or fiber cable.

How did the message travel so fast?

The answer is PLCC — Power Line Carrier Communication.

In substations, power lines are not only used to carry electrical power but also act as communication
highways for protection, control and voice signals.

PLCC is one of the oldest yet most reliable communication systems in the power industry and is still widely
used today.

2. Core Concepts (40 minutes)

What is PLCC?

PLCC is a communication system in which high-frequency signals (30 kHz to 500 kHz) are transmitted over
high-voltage transmission lines along with the normal 50 Hz power.

Since frequency is different, both signals travel without disturbing each other.

Main Components of PLCC

1. Carrier Terminal (Transmitter & Receiver)

This generates and receives high-frequency signals used for:
e Tele-protection

e Tele-control
e \Joice communication
e SCADA data

It is the brain of PLCC.
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2. Coupling Capacitor (CC)
It allows high-frequency carrier signals to pass to the power line but blocks 50 Hz power from entering the
PLCC equipment.
Think of it as a filter gate:
e Passes communication

o Blocks power current

3. Line Matching Unit (LMU)
It matches the impedance of PLCC equipment to the transmission line so that maximum signal power is
transferred without reflection or loss.

4. Wave Trap (Line Trap)
This is a very important device connected in series with the transmission line at the substation end.
Its job:

e Allows 50 Hz power to pass

e Blocks high-frequency carrier signals

This ensures that communication signals go only to the PLCC equipment and do not enter transformers,
busbars, or other substation equipment.

Working of PLCC
Let us understand step-by-step:
1. The transmitter generates a high-frequency carrier signal with information.

2. This signal is injected into the transmission line using a coupling capacitor.
3. The signal travels along the same conductor that carries power.
4. At the receiving substation:
o The wave trap blocks the carrier from going into power equipment.
o The carrier is diverted to the receiver through coupling capacitor.
5. The receiver extracts the message.

This entire process happens in milliseconds.

3. Real-World / Industry Applications (10 minutes)
PLCC is used mainly for:
1. Tele-Protection
When a fault occurs on a transmission line, PLCC sends a trip command to the remote substation to open the
circuit breaker instantly.
This prevents:
e Equipment damage

e Fire

e Power system collapse

2. Substation Communication
Operators at two substations can talk using PLCC phones even if mobile networks fail.

3. SCADA & Control Signals
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PLCC sends:
e Voltage data

e Line status
o Breaker positions

This helps in remote monitoring and automation.
PLCC is still very popular in long rural transmission lines where fiber optics may not be available.

4. Summary & Q&A (5 minutes)

Key Takeaways

v PLCC uses power lines for communication

v Works on high-frequency carrier signals

v Main parts: Carrier terminal, CC, LMU, Wave trap

v Wave trap blocks HF signals from entering power equipment
v Used for protection, control and communication

Common Student Doubts

Q1: Does PLCC disturb power flow?

No. Power flows at 50 Hz, PLCC uses high frequency.

Q2: Why is wave trap needed?

To stop carrier signals from entering transformers and busbars.

Mentorship Note 3
If you understand PLCC well, you can work in substation automation, protection systems, smart grids and
SCADA. Power utilities need engineers who can handle both electricity and communication systems.

Mastering PLCC makes you future-ready for digital substations and smart grids

UNIT-2 : Lecture 16

Topic-8: Batteries and DC Systems
Sub-topics: Lead-Acid & Ni-Cd Batteries, Troubleshooting, Maintenance, Float & Boost Charging
Duration : 60 minutes

1. Introduction (= 5 minutes)

Students, imagine a total blackout at a 220 kV substation. AC supply is gone — but circuit breakers must still
trip, relays must operate, and control panels must stay alive.

What powers all this when the grid is dead?

The answer is DC battery systems.

In every substation, batteries are the silent lifeline that protects the grid during emergencies. Without them,
faults cannot be cleared and equipment can be destroyed.

Fun fact: In big substations, the DC battery bank can weigh more than a small car !

2. Core Concepts (= 40 minutes)
A. Types of Batteries Used in Substations
1. Lead-Acid Battery
This is the most commonly used substation battery.
Construction:
Lead plates + sulphuric acid electrolyte.
Advantages:
e Low cost

e Easy maintenance
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e High surge current

Disadvantages:
o Needs regular topping of distilled water

e Sensitive to temperature

2. Nickel-Cadmium (Ni-Cd) Battery
Used in critical installations.
Advantages:

e Long life

o Works in extreme temperatures
o Very reliable

Disadvantages:
o Expensive

e Environmental disposal issues

B. Troubleshooting of Lead-Acid Batteries

Trouble Symptom Cause Remedy

Low voltage Weak DC supply  Sulphation Boost charge

Excess heating  Hot cells Over-charging  Reduce charging rate
Low electrolyte  Plates exposed Evaporation Add distilled water
Corrosion Rust at terminals  Acid leakage Clean & grease terminals

Negative

Positive Terminal (-)

Terminal (+)

Electrolyte
[ Level

Fig. Battery cell with electrolyte level and terminals.
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C. Maintenance Checks
Routine checks include:
o Electrolyte level

e Cell voltage

e Terminal tightness

e Specific gravity using hydrometer
e Cleanliness

Healthy battery = reliable substation

D. Battery Charging

Two charging modes are used:

1. Float Charging

Battery stays connected to charger continuously.

It keeps battery fully charged without overcharging.
Used during normal operation.

2. Boost Charging
Used when battery is discharged or weak.
High charging current is supplied to quickly restore battery.
Used after:
e Long discharge

o Battery maintenance

o Blackouts

Float Charging

(Normal Operations)

Boost Charging

(Recovery & Maintenance)

Continuous Maintenance Connection High-Current Rapid Restore

The battery remains connected to the T R A B R Al Delivers high current to quickly replenish
charger during all normal operational periods. il weak or discharged battery banks.

Post-Discharge Activation

Feature | FloatModk | ; /-4' g &
Current Level Low/Stable High .

Safely maintaine a 100% charge level Battery State Fully Charged Discharged/Weak Specifically required after blackouts,
without damaging battery components. Typical Usage Continuous/Normal | Post-Blackout/Maintenance maintenance, or periods of long discharge.

Prevents Overcharging

A NotebookLM

Fig. Charger connected to battery bank with two switches — Float & Boost.

3. Real-World / Industry Applications (= 10 minutes)
In every 132 kV or 220 kV substation:
o Batteries power

o Protection relays

o Circuit breaker tripping

Al Generated content for SUBSTATION ENGINEERING 73




o SCADA
o Emergency lighting

If DC fails, AC grid protection fails — leading to dangerous faults.
Modern substations also use battery monitoring systems to track voltage, temperature and health in real
time.

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

v DC batteries are the heart of substation protection
v Lead-acid and Ni-Cd are commonly used

v Regular maintenance avoids failure

v Float charging maintains charge

v Boost charging restores discharged batteries

Common Student Questions

Q: Why not use AC instead of DC?

DC is more reliable and works even during total power failure.
Q: Why float charging is preferred?

It keeps the battery always ready without damage.

§ Mentorship Note

Understanding battery systems and DC supply makes you valuable in substation operations, protection
systems, and automation. Many blackouts happen due to DC failure — engineers who master this area
become grid guardians.

This knowledge opens doors to careers in power utilities, renewable energy plants, and substation

automation =5
STUDENT Al TOOLKIT — UNIT-2: SUBSTATION EQUIPMENT

A. Low-Level Prompts (Remember & Understand)
(Use these to build strong basics)
1. “Explain the main purpose of this unit in simple words as if I am a beginner.”

“List all important terms from this unit with short meanings.”

“Explain this topic step-by-step using very simple language.”

“Summarize this topic in 10 clear bullet points for quick revision.”

“What are the main components covered in this unit? Explain each briefly.”
“Create a glossary of all technical words used in this unit.”

“Explain this concept using a daily-life example.”

“Convert this topic into short notes suitable for exam preparation.”

© oo N o g &~ w D

“What are the key functions discussed in this unit?”

[N
o

. “Explain this topic as if you are teaching a 1st-year diploma student.”

B. Moderate-Level Prompts (Apply & Analyze)
(Use these to understand how things work in practice)
11. “Compare two important devices from this unit in a table showing their purpose, working, and
application.”
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12. “Explain how this system works in a real-life engineering situation.”
13. “Give me three practical examples where this concept is used.”

14. “Explain the working of this topic using a block-diagram description.”
15. “What problems can occur in this system and how are they solved?”
16. “Explain the advantages and limitations of this equipment.”

17. “How does this part interact with other parts in the overall system?”
18. “Explain this topic using a step-by-step flow of operation.”

19. “Why is this equipment important for safety and reliability?”

20. “Give me 5 exam-oriented questions with answers from this topic.”

C. High-Level Prompts (Design & Create)
(Use these for distinction-level understanding)
21. “Design a simple system using the concepts of this unit and explain its working.”

22. “Create a fault-analysis chart for this system showing causes, effects, and solutions.”
23. “Explain how you would improve the efficiency and safety of this system.”
24. “Develop a step-by-step maintenance plan for the equipment studied in this unit.”

25. “Create a concept map that connects all major topics of this unit.”

@ How to Use This Toolkit
e Use A-level prompts before exams for revision

e Use B-level prompts for practical understanding

e Use C-level prompts for viva, projects, and top grades

MASTER Y CHECK — UNIT-2: SUBSTATION EQUIPMENT

1 Key Definitions / Glossary (Top 15 Exam Terms)

\No.HTerm HSimpIe Diploma-Level Definition
1 |/Substation ||A place where voltage level is changed and power is controlled and distributed.
2 [isolator ||A mechanical switch used to isolate a part of a circuit when it is not carrying load.

3 ||Earthing Switch ||A device used to connect isolated equipment safely to earth.

4 ||Circuit Breaker  ||A protective device that opens a circuit automatically during a fault.

5 ||Busbar ||A common conductor used to collect and distribute electrical power.

6 ||Surge Arrester  ||A device that protects equipment from lightning and over-voltage.

7 ||Auto-Recloser  ||A device that automatically restores power after a temporary fault.

8 ||insulator ||\A material that prevents current flow and supports conductors.
9 |Battery Bank  ||A group of batteries supplying DC power in a substation.

10 ||Charger ||A device used to maintain and recharge substation batteries.
111 |lPLCC /A communication system that uses power lines to send signals.
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\No.HTerm HSimpIe Diploma-Level Definition

112 |Wave Trap ||A device that blocks high-frequency communication signals from entering equipment

113 ||Disconnect Switch||Another name for isolator used for safe separation of equipment.

14 ||String Insulator  ||A series of insulator discs used for high-voltage lines.

|15 |[Earth Mat ||A network of conductors buried in soil to ensure safe grounding.

2[FAQ & Assessment Section

A. Multiple Choice Questions (20 MCQs)
1. The main purpose of an isolator is to

A) Interrupt load current

B) Protect from short circuit

C) Provide visible isolation

D) Increase voltage

2. Busbars are used to

A) Generate power

B) Store energy

C) Collect and distribute power

D) Protect circuits

3. Which device protects against lightning surges?
A) Isolator

B) Surge arrester

C) Busbar

D) Battery

4. An earthing switch is operated when the isolator is
A) Closed

B) Open

C) Faulted

D) Loaded

5. Which device automatically restores power after a temporary fault?
A) Circuit breaker

B) Isolator

C) Auto-recloser

D) Fuse

6. Insulators are used to

A) Conduct current

B) Support and isolate conductors

C) Increase voltage

D) Reduce losses

7. PLCC is used mainly for

A) Power transmission

B) Control and communication

C) Energy storage

D) Grounding

8. Wave trap is connected in

A) Series with line

B) Parallel to line

C) Battery circuit

D) Earth mat

9. Which battery type is commonly used in substations?
A) Lithium-ion

B) Lead-acid

C) Dry cell

D) Nickel-iron
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10. Busbars are generally made of
A) Rubber

B) Steel

C) Copper or aluminum

D) Plastic

11. An isolator is operated when current is
A) High

B) Flowing

C) Zero

D) Overload

12. Which device is used for DC backup?
A) Transformer

B) Battery bank

C) Busbar

D) Surge arrester

13. The main function of a charger is to
A) Supply AC

B) Charge batteries

C) Operate isolator

D) Trip circuit

14. String insulators are used in

A) Low voltage lines

B) High voltage lines

C) DC systems

D) Battery rooms

15. Surge arresters are installed between
A) Phase and earth

B) Phase and phase

C) Busbar and transformer

D) Battery and charger

16. Auto-reclosers are mainly used in
A) Control panels

B) Distribution lines

C) Battery rooms

D) Transformers

17. Which provides safe grounding?
A) Busbar

B) Earth mat

C) Battery

D) Charger

18. PLCC uses

A) Radio waves

B) Power lines

C) Optical fiber

D) Satellite

19. Isolators are provided with

A) Arc extinguishers

B) Visible gap

C) Relay

D) Fuse

20. The purpose of earthing in substations is to
A) Increase power

B) Reduce voltage

C) Ensure safety

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

B. Short Answer / Viva Questions (10)
1. Why is an isolator not used to interrupt load current?

Why are busbars made of copper or aluminum?
Explain the need for earthing switch.

What is the role of an auto-recloser?

Why are insulators required in power systems?
What is the purpose of PLCC?

Why are batteries important in a substation?

© o N o o &~ D

What is the function of a wave trap?

10. Why is earthing essential for safety?

DIGITAL RESOURCE LIBRARY —UNIT 2

1'0AI Tools & Digital Learning Tools
Tool Purpose / Use-Case

Al tutor for explanations,
doubts, summaries, and viva
practice

Visual physics & electrical
system simulations

Build and test simple
electrical circuits

Online experiments on power
systems

ChatGPT / Gemini

PhET Interactive
Simulations

Circuit Simulator (e.g.,
DC/AC Circuit Sim apps)

Virtual Power System Labs
(Academic Virtual Labs)
Mind-Mapping / Diagram
Tools (e.g., online flowchart
makers)

(3 Why these tools matter:

Create block diagrams &
layouts

What is the function of a surge arrester in a substation?

How it Helps for Substation Equipment

You can ask it to explain isolators, busbars,
PLCC, batteries, or generate exam questions
and model answers for Unit-2

Helps visualize current flow, voltage, faults,
and switching actions used in substations

Useful to understand battery systems, charging
circuits, and DC supply in substations

Helps students observe switching, protection,
and earthing concepts virtually

Helps draw layouts of substations, PLCC
systems, busbars, and protection schemes for
exams

They convert theory into visuals, improve concept clarity, and allow practice without physical labs.

20117 Video Learning Repository

Use the following table to search reliable, Diploma-level learning videos.

Recommended Channel / Course /

Topic Name Lecturer
Substation Overview

Isolators & Earthing Engineering Explained / Electrical

Switch Lectures

NPTEL / Technical Education
Busbars

Channels

Al Generated content for SUBSTATION ENGINEERING

NPTEL — Power System Engineering

Search Keywords
“NPTEL substation basics power system”

“isolator and earthing switch in substation”

“busbar types and ratings substation”
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Topic Name

Surge Arresters
Auto-Reclosers

Insulators & Strings

Clamps & Connectors
Spacers

PLCC System

Batteries in Substation

Battery Charger
Earthing System
Protection & Control

Recommended Channel / Course /
Lecturer

Power System Protection Lectures
Distribution System Lectures

Electrical Line Engineering Channels

Power Transmission Lectures
High Voltage Engineering Lectures

NPTEL / Power Communication

Substation DC System Lectures

Electrical Maintenance Channels
NPTEL / Safety Engineering
Power System Protection NPTEL

@ How to Use This Library Effectively

A WP

Watch one video per topic — pause — write notes
Use Al tools to summarize what you watched

Draw diagrams using digital diagram tools

s Mentor Tip for Your Career
Modern substations are becoming digital, automated, and remotely monitored. Engineers who can combine
electrical knowledge with Al tools, simulations, and online learning will have a big advantage in:

o Power utilities

e Smart grid projects

e Substation automation

e Maintenance and testing jobs

Search Keywords

“surge arrester working lightning protection”
“auto recloser working in power system”
“types of insulators overhead transmission
line”

“clamps and connectors in transmission line”
“conductor spacers in transmission line”

“PLCC power line carrier communication
wave trap”

“lead acid battery substation charger float
boost”

“float charging boost charging battery”
“substation earthing earth mat”
“substation protection and control basics”

Test yourself by asking Al to give MCQs or viva questions

(= If you master Unit-2 using these digital tools today, you build the foundation for tomorrow’s smart

power systems.

EXTERNAL EXPOSURE MODULE - SUBSTATION ENGINEERING

1001 Beyond the Syllabus — Emerging Technologies
A. Digital & Smart Substations

Traditional substations used manual meters and relay panels. Today, smart substations use sensors,
communication networks, and computer-based protection systems.

They continuously monitor voltage, current, temperature, and faults in real time.

¢ How your syllabus helps:
Your knowledge of transformers, busbars, isolators, relays, PLCC, and DC systems forms the backbone

of smart substations.
[l Why it matters:

Smart substations reduce power outages and improve safety. Utilities now need engineers who understand
both electrical equipment and digital monitoring systems.
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B. Condition Monitoring & Predictive Maintenance

Modern substations use online sensors and data analysis to predict failures before they happen. Instead of
waiting for a breakdown, engineers receive alerts when equipment health reduces.

[J How your syllabus helps:

Topics like surge arresters, insulators, batteries, isolators, and auto-reclosers are monitored for
temperature, leakage current, and operating cycles.

[ Why it matters:

This technology increases equipment life and reduces accidents—creating new job roles in maintenance,
testing, and automation.

20011 MOOC & Online Course Recommendations
Course Theme Platform How it Helps
Power System Explains substations, switchgear, busbars, transformers, and

Engineering NPTEL protection systems

Switchgear and SWAYAM / Covers isolators, breakers, earthing switches, and protective
Protection NPTEL devices

Electric Power Coursera (Audit Helps understand how substations connect to real consumers
Distribution Mode) and industries

[] These courses help you move from textbook diagrams to real operating systems.

300 Industrial Exposure / Field Visit Suggestions

(Regional focus — suitable for most Indian states)

1. State Electricity Board Substation (132 kV / 220 kV)

Work: Power transmission and switching

What to observe: Transformers, busbars, isolators, surge arresters, control room, batteries, and protection
panels

2. Power Grid Corporation of India (PGCIL) Substation
Work: National power transmission
What to observe: Extra high voltage substations, digital relays, PLCC systems, and condition monitoring

3. Electrical Equipment Manufacturing Unit
(Companies making transformers, breakers, insulators, or control panels)
What to observe: Testing of insulators, assembly of isolators, battery chargers, and surge arresters

4171 Conferences, Seminars & Technical Events

Event / Forum Theme Why It Is Useful

IEEE Power & Energy Society Power systems, substations, Learn about future power technologies
Conferences protection and smart grids

National Power Engineering Power transmission & Exposure to industry practices and new
Conferences (India) substations designs

Electrical Safety & Grid Safety, maintenance, Helps understand modern maintenance
Reliability Seminars automation and safety standards

(1 Attending such events builds professional confidence, networking skills, and industry awareness.

[] Mentor’s Career Insight
Substation Engineering is no longer just about switches and wires — it is about automation, communication,
safety, and data-driven maintenance.
By connecting your UNIT-2 knowledge with modern technology, online learning, and industrial
exposure, you prepare yourself for careers in:

o Power utilities

e Smart grid projects
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e Electrical maintenance
e Automation and control systems

1 Today’s diploma student can become tomorrow’s substation technology specialist — if you stay
curious and industry-aware.

() UNIT-2 : SUBSTATION EQUIPMENT
[] Predicted Question Bank

10101 Most Repeated / High-Probability Questions
These are frequently asked, diagram-based, and core theory questions that appear regularly in diploma
exams.

A. Transformers

1. Explain the need of power and inter-connecting transformers in a substation.
2. Describe the operational and maintenance checks of a transformer.
3. What is condition monitoring of a transformer? Explain any three parameters monitored.
4. Draw and explain the basic layout of a power transformer in a substation.
B. Isolators

5. Define isolator. Why is it used in substations?

6. Explain the difference between isolator and circuit breaker.
7. Explain types of isolators with neat sketches.

8. What is the function of an earthing switch in isolators?

9. Explain mechanical and electrical interlocking in isolators.

10. Describe the pad-locking arrangement of isolators.

C. Busbars
11. Define busbar. State its functions.

12. Explain types of busbar arrangements used in substations.
13. What are the ratings of a busbar?

14. Write the maintenance procedures for busbars.

D. Auto-Reclosers
15. Define auto-recloser. State its function.

16. Explain the working of an auto-recloser.
17. Differentiate between single-phase and three-phase auto-reclosers.

18. Write short note on loT-based fault logging in auto-reclosers.

E. Surge Arresters
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19. Define surge arrester. Why is it used in substations?
20. Explain types of surge arresters.
21. Describe the working of metal oxide surge arrester.

22. Write the maintenance of surge arresters.

F. Insulators, Clamps & Spacers
23. Define insulator. Explain any two types.

24. What is an insulator string?
25. Explain clamps and connectors used in substations.
26. What are non-magnetic spacers? Why are they used?

27. Write maintenance of insulators and connectors.

G. PLCC System
28. What is Power Line Carrier Communication (PLCC)?

29. Draw and explain the block diagram of PLCC system.
30. What is wave trap? Explain its working.

31. State the applications of PLCC.

H. Batteries and DC Systems
32. Explain lead acid battery used in substations.

33. Differentiate between lead acid and Ni-Cd battery.
34. What is float and boost charging?

35. Write maintenance checks of substation batteries.

2[00 Application & Logical Thinking Questions (High-Scoring)
1. A transformer in a substation shows rising oil temperature.
Which condition monitoring parameters should be checked and why?

2. A maintenance engineer must work on a live busbar.
Explain how isolator, earthing switch, and interlocking ensure safety.

3. During lightning, a sudden voltage surge enters the substation.
Explain how a surge arrester protects the equipment.

4. A feeder experiences frequent temporary faults.
How does an auto-recloser improve supply reliability?

5. A communication failure occurs between two substations.
Explain how PLCC helps in control and protection coordination.

(] Exam Strategy Tip
If you master:
e Diagrams
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e Working principles
e Functions & maintenance

you can score above 75% in this unit. Focus on Isolators, Transformers, Surge Arresters, PLCC, and
Batteries — these are guaranteed question areas.
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UNIT-3 STUDY PLAN

Subject: Substation Engineering (D104009011)

Unit Title: Substation Practices, Earthing Systems, and Compensation Equipment
Total Hours: 10 Hours

Weightage: ~22% (High scoring & practical-heavy unit)

¢ Unit-Level Learning Focus (OBE Alignment)
| Aspect | Focus |

CO-3: Apply substation operational, earthing, and reactive power

Course Outcome . .
compensation practices

‘ Bloom’s Level H Apply (A) ‘
| NEP-2020 Alignment || Skill-based learning, safety awareness, industry relevance |
| Industry Role Mapping||  Junior Substation Operator, Maintenance Technician |

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

» LEGEND

e C =Core Topic (Must-master, exam & industry)
e S =Supporting Topic (Conceptual foundation)
e A= Application-Oriented Topic (Field & lab relevance)

+¢ Detailed Study Plan Table

Syllabus . . .
Seq.| Topic (Strictly Sub-topics Covered -ELT:) ImE)g?trznce Pra:;::;?/;/r]l;eld
as per GTU)
* Switching schemes for
765/400/220/132 kV substations
Routine ;T]I;(;\iz:zitr;l;)w & voltage level
1 Substation . . 2 oooo aooooo
Operations * Operational documentation &
logbooks
* Preventive, Predictive & Proactive
maintenance
* Purpose of earthing
* Step & Touch potential
* Transferred & Floating potential
Earthing Solid grounding
2 Systems (IS * Resistive grounding (NER) 3 0oooo ooool
3043) * Grid & rod earthing
* Counterpoise earthing
* IS 3043:2018, IS 5613, CEA
Regulation 2010 (Rule 42)
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S_yllabu_s . Time Exam Practical / Field
Seq.| Topic (Strictly Sub-topics Covered
(hrs) Importance Relevance
as per GTU)
* Need for reactive power
compensation
Compensation || * Introduction to capacitor banks
Equipment — || ¢ Maintenance practices Concept of
4 . oo HINNIN
Capacitor oucCB 3
Banks * Case studies for optimal operation
» Commercial & energy-saving
benefits
*IS5216Part 1 &2
Safety .
Standards & recommendations
6 . * Minimum & working safety 2 oooo oooog
Regulations clearances
IS 521
(1S 5216) * PPE, Lockout—Tagout procedures

» Logical Learning Flow (Why This Sequence Works)

I

Start with Operations — Understand how substations are run daily
Move to Earthing Basics — Safety foundation (life-saving knowledge)
Advance to Earthing Desigh & Standards — Compliance + field execution
Introduce Compensation Equipment — Power quality improvement
Apply OUCB Concepts — Industry economics & efficiency
Conclude with Safety Standards — Reinforce professional discipline

» Core vs Supporting vs Application Summary

Category

Topics Included

Core Topics

standards

Switching operations, Earthing principles, Earthing systems, Safety

‘ Supporting Topics

| Voltage monitoring, Maintenance philosophies, Documentation |

Application-Oriented

Topics

OUCB case studies, PPE usage, Lockout—Tagout, Earthing grid design

¢ Teaching—Learning Suggestions (Faculty + Students)

>

>

For Faculty

For Students

Practice earthing mesh design (Lab Exp-8)
Relate safety rules with actual substation accidents

Al Generated content for SUBSTATION ENGINEERING

Use single-line diagrams (SLDs) to explain switching schemes
Demonstrate step & touch potential using sketches or sandbox models
Link OUCB with electricity bill savings (real utility examples)
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e Revise IS numbers conceptually (no memorization overload)

» Exam Strategy Tips (Diploma-Friendly)
o Earthing systems & safety — Guaranteed theory questions
o Switching schemes — Diagram-based questions
e« OUCB — Short notes / application questions
e Focus on “why + where used”, not just definitions

v Mentor’s Closing Note

“In substations, operations earn efficiency, but earthing and safety save lives.

Master this unit, and you 're not just exam-ready—you re industry-ready.”
If you want, | can next help you with:

e Unit-3 question bank (GTU pattern)

e Lecture-wise PPT outline

e Lab + theory integration plan

e Al-ready micro-content prompts
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Lecture-1&2
Topic 1: Routine Substation Operations

(Duration: 120 minutes | Unit-3: Substation Practices, Earthing Systems, and Compensation
Equipment)

1. Hook / Introduction (= 10 minutes)

Good morning future engineers

Let me start with a simple question: What would happen if a power substation is switched ON
or OFF in the wrong sequence?

The answer is serious—equipment damage, blackout, or even loss of human life.

You already know about generators, transformers, and transmission lines from previous
subjects. Today, we step into the control room of a substation, where routine operations decide
whether power flows safely to millions of homes or not. Think of a substation as a railway
junction—trains (power) must be guided, stopped, diverted, or restored smoothly. That daily
guiding process is called Routine Substation Operations.

This topic is not just theory—it is the daily job of substation operators and maintenance
engineers.

2. Core Concepts (= 80 minutes)

2.1 Meaning of Routine Substation Operations

Routine substation operations include all regular activities carried out to ensure:
o Continuous power supply

« Safe operation of equipment

« Protection of personnel and assets

These operations mainly involve:

o Switching operations

e Monitoring power flow and voltage

« Documentation and reporting

e Maintenance planning

2.2 Switching Schemes in Substations

Switching means connecting or disconnecting equipment such as feeders, transformers, or
busbars.

\oltage Levels Covered

o 765kV
e 400 kV
o 220kV
o 132kV
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At higher voltages, strict switching sequences are followed.

Typical Switching Sequence (Explain with a simple susear | flow
diagram):

1. Open circuit breaker

2. Open isolator

3. Apply earthing switch

(Reverse sequence while energizing)

CIRCUIT BREAKER

ISOLATOR

O\C

| EARTHING
SWITCH

2.3 Power Flow and \Voltage Level Monitoring

Substations continuously monitor:
e Voltage (kV)

e Current (A)

e Power (MW, MVAR)

e Frequency (Hz)

Monitoring is done using:

e Meters

e Relays

e SCADA systems

Analogy: Just like a doctor monitors BP and heartbeat, a substation monitors voltage and
current.

Any abnormal value indicates:
e Overloading

« Fault conditions

« Voltage instability

2.4 Documentation and Operational Logs

Every operation is recorded.
Examples of records:

« Switching logs

e Load records

o Fault reports

e Maintenance schedules

Why documentation is important?
e For fault analysis

o For safety accountability

e  For future maintenance planning
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Fun fact: Many blackout investigations start by checking logbooks!

2.5 Maintenance Practices

Routine operations also include maintenance planning:
1. Preventive Maintenance
o Scheduled inspections
o Cleaning, tightening, oil checks
2. Predictive Maintenance
o Based on condition monitoring
o Temperature, vibration, insulation tests
3. Proactive Maintenance
o Correcting root causes before failure

Pillar 4: The Pillar of Longevity

Evolving from Fixing to Preventing

S g

Proactive

| Root cause analysis Increasing
Maintenance ensures the long-term health and to eliminate failures R Intelligence
reliability of substation assets. The approach before they occur. & Complexity

has evolved from simple scheduled tasks to
intelligent, condition-based strategies.

N

Preventive
Time-based, sc
(e.g.. Scheduled inspec
tightening, oll ct

3. Real-World / Industry Applications (= 20 minutes)

In real substations:

o Operators perform switching from control rooms

« SCADA allows remote operation

e Load is shifted during transformer maintenance

e Voltage is controlled using tap changers and capacitor banks

During festivals or peak summer load, routine operations prevent blackouts.
Power utilities like GETCO, PGCIL, and DISCOMs rely heavily on trained diploma engineers
for these tasks.

4. Summary & Q&A (= 10 minutes)
Key Takeaways

« Routine operations ensure safe and continuous power supply
o Switching must follow proper sequence
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« Monitoring prevents faults and failures
« Documentation is as important as operation
« Maintenance keeps substations reliable

Common Student Doubts

o Why isolator is not operated under load?
« Difference between preventive and predictive maintenance?

» Mentorship & Career Tip

Mastering routine substation operations prepares you for roles such as:

Substation Operator

Maintenance Technician

Control Room Assistant

Utility Field Engineer

If you understand switching logic, monitoring, and documentation, industries trust you with
responsibility. Remember—good engineers don’t just switch ON power, they ensure it stays
ON safely.

Topic 2: Earthing Systems in Substations (IS 3043)

Unit-3: Substation Practices, Earthing Systems, and Compensation Equipment
Audience: Diploma Engineering — Electrical
Total Duration: 180 minutes (3 x 60-minute lectures)

Learning Outcomes (CO-3 Alignment)

After these three lectures, students will be able to:
o Explain the purpose and necessity of earthing
« Understand step, touch, transferred, and floating potentials
« Identify different earthing systems used in substations
« Relate earthing design to human safety and equipment protection
« Appreciate the importance of IS 3043 and CEA safety regulations

LECTURE-3 (60 Minutes)
Introduction to Earthing & Safety Fundamentals

1. Hook / Motivation (= 10 minutes)

Let me ask you something serious.

"1 Why do birds sit on high-voltage lines and still remain safe, while a human touching the same
system may die?

The answer lies in earthing.
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Earthing is not just a wire connected to the ground—it is a life-saving system. In substations,
faults are unavoidable. What makes the difference between safe operation and fatal accident is
how well the earthing system is designed.

As future diploma engineers, earthing knowledge is non-negotiable. Many real-world
accidents occur not due to lack of equipment, but due to poor earthing practices.

2. Core Concepts (= 45 minutes)

2.1 What is Earthing?

Earthing is the process of connecting non-current carrying metallic parts of electrical equipment
to the general mass of earth, so that:

« Fault current flows safely to ground

o Equipment remains at safe voltage

e Human beings are protected from electric shock

Simple definition to remember for exams:
Earthing is the connection of exposed metal parts of electrical equipment to earth to protect
persons and equipment.

2.2 Purpose of Earthing in Substations

Earthing serves three major purposes:
1. Human Safety
Prevents electric shock during faults
2. Equipment Protection
Protects transformers, breakers, panels
3. System Stability
Provides reference potential for system voltages

Visualizing the Fault Current Path

Transformer
Tank
Safety Green

Action Sequence

1. Fault occurs within the equipment.
2. Current travels through the casing.

3. Earthing connection diverts current to the electrode.
4. Fault current flows to ground.

Electrode

By providing a low-resistance path to the earth, the system ensures the casing does not
remain energized at a lethal voltage.

Transformer tank connected to earth electrode, showing fault current flowing to ground.
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2.3 Why Earthing is Critical in Substations

Substations handle:

« Very high voltages

o Huge fault currents (thousands of amperes)

o Outdoor metallic structures

Without proper earthing:

« Ground potential rises dangerously

« Entire yard may become live

o Walking itself becomes unsafe

This brings us to an important concept—Ground Potential Rise (GPR).

2.4 Ground Potential Rise (GPR)

When a fault occurs:

o Large current flows into earth

« Soil around earthing electrode rises in voltage

This rise in earth voltage is called Ground Potential Rise.
High GPR = High risk of shock

LECTURE—4 (60 Minutes)
Step, Touch, Transferred & Floating Potentials

1. Quick Recall & Bridge (= 5 minutes)

Previously, we learned:

e Why earthing is needed

o What happens during earth faults

Now we answer the most important safety question:

How exactly does electric shock occur in substations—even without touching live conductors?

2. Core Concepts (= 45 minutes)

2.1 Step Potential
Definition:
The potential difference between two points on the ground surface separated by the distance of
one step (=1 meter).
Shock scenario:
A person walking near a faulted structure may experience current flowing through legs.
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Hazard I: Step Potential

» Definition: The potential
difference between two points
on the grounds on the ground
unstwrce, separated by the
distance of one human step
(approx. 1 meter).

 Scenario: Walking near a faulted
structure or earth electrode during
a discharge.

» The Physics: Current travels up one
leg, bridges the pelvis, and travels
down the other leg.

Potential
Difference
= 500V

Two

anaaan | fEET ON

ground near earth electrode with voltage difference marked.

2.2 Touch Potential

Definition:

The potential difference between a grounded metallic structure and the ground where a person is

standing.
This is the most dangerous potential.

Example:

« Person touches transformer body

e Feet on ground

o Current flows through hand — heart — feet

Hazard Il: Touch Potential
The Critical Danger

« Definition: The potential difference
between a grounded metallic
structure (being touched) and the
point on the ground where the
person is standing.

« Scenario: Touching a gantry leg or
transformer casing during a fault.

» The Physics: Current enters the
hand (at high structure potential)
and exits the feet (at lower ground
potential).

Structure
Potential

Ground
Potential
(Low)

Person touching equipment with voltage difference between hand and feet.
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2.3 Transferred Potential

Occurs when:

e A grounded object outside substation

« Is connected to earthing grid inside substation
Example:

o Fence, pipeline, cable sheath

Voltage gets “transferred” to safe areas.

2.4 Floating Potential

Occurs when:

o Metal object is not properly earthed

o [t “floats” at unknown voltage
Example:

« Unconnected ladders

e Loose metal sheets

Golden Rule:

Any metal you can touch must be earthed.

2.5 Methods to Reduce Step & Touch Potential

Earthing mesh/grid

Crushed stone (high resistivity layer)
Proper bonding of all metallic parts
Low earth resistance (<1 ohm)

LECTURE-5 (60 Minutes)
Earthing Systems Used in Substations & Standards

1. Introduction (= 5 minutes)

Now that you know why earthing is needed and how shock occurs, let’s learn how engineers
actually design earthing systems in substations.

2. Core Concepts (= 45 minutes)

2.1 Types of Earthing Systems in Substations

1. Solidly Grounded System

o Neutral directly connected to earth
e Used in HV/EHV systems
e Simple and effective
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2. Resistance Grounding (NER — Neutral Earthing Resistor)
e Resistor connected between neutral and earth
o Limits fault current
o Reduces equipment damage
Used in: 11 kV and 33 kV systems
3. Grid (Mesh) Earthing System
o Network of buried conductors
o Covers entire substation yard
e Most common in EHV substations

Top

[‘@ The Invisible Foundation: Grid (Mesh) Earthing '] view
= = 1 of

1. Distributes fault current over a wide area.

2. Reduces dangerous potential gradients
(Step and Touch voltages).

Application: Standard for EHV Substations.

\ f Buried Copper
\ ~ Conductors

13 /| ENGINEERING HANDBOOK SERIES - EHV EARTH STRATEGIES

square mesh under substation yard.

4. Rod & Counterpoise Earthing

« Vertical rods driven into earth
o Counterpoise wires used in high soil resistivity areas

2.2 Earthing Standards & Regulations
IS 3043:2018

« Indian standard for earthing

« Design principles

o Safety limits
IS 5613 (Part 2, Section 1)

o Earthing of power stations & substations
CEA Regulation 2010 (Rule 42)

o Mandatory earthing for safety

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

« Earthing resistance testing using earth tester
« Periodic inspection of joints

« Earthing audits in substations

« Design of earthing mesh in new substations
Diploma engineers are often responsible for:

o Measuring earth resistance

o Checking continuity

e Reporting unsafe conditions

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

Earthing is a life-saving system

Step & touch potentials cause shock

Mesh earthing reduces risk

Standards ensure safety & legal compliance

Typical Student Doubts

e Why crushed stones are used in substations?
o Why earthing resistance should be low?

» Mentorship & Career Note

If you master earthing systems:

e You become a safety-conscious engineer

« Industries trust you with field responsibilities

e You are prepared for maintenance, inspection, and audits
Remember:

Good engineers design for performance.

Great engineers design for safety.

Topic 3: Compensation Equipment — Capacitor Banks & OUCB

Unit-3: Substation Practices, Earthing Systems, and Compensation Equipment
Audience: Diploma Engineering — Electrical Engineering

Total Duration: 180 Minutes (3 x 60-minute lectures)

CO Alignment: CO-3 (Apply)

» Learning Outcomes

After these three lectures, students will be able to:
« Explain why reactive power compensation is required
« Understand working and types of capacitor banks
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« Identify maintenance requirements of capacitor banks
o Explain OUCB (Optimum Utilization of Capacitor Bank)
« Relate capacitor banks to energy savings and commercial benefits

LECTURE-6 (60 Minutes)
Need for Reactive Power Compensation & Introduction to Capacitor Banks

1. Hook / Motivation (= 10 minutes)

Let me start with a question that every power utility worries about:

Why do industries get penalty bills even when they consume less energy?

The reason is poor power factor.

Imagine carrying water in a bucket with holes. Even if you put effort, useful water delivered is
less. In power systems, reactive power behaves like that useless effort. Capacitor banks act like
patches to close those holes.

In substations, compensation equipment ensures efficient, economical, and stable power
supply.

2. Core Concepts (= 45 minutes)

2.1 What is Reactive Power?

Reactive power (VAR):

« Isrequired to create magnetic fields

e Does not perform useful work

« Increases current in the system

Sources of reactive power:

« Induction motors

e Transformers

e Fluorescent lighting A
« Welding machines

KVAR

Reactive Power,Q = VI Sing

True Power P=VICos ¢ B
KW ==
Power triangle showing kW, kVAR, and kVA.

2.2 Effects of Poor Power Factor

e Higher current flow

« Increased copper losses

« Voltage drop

e Overloading of equipment
o Penalty from utilities
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Simple example:
Low PF — Higher current — More heating — Reduced equipment life

2.3 What is Reactive Power Compensation?

Reactive power compensation means:
Supplying reactive power locally instead of drawing it from the grid.
This is achieved using capacitor banks.

2.4 Capacitor Banks — Introduction

A capacitor bank is a group of capacitors connected together to:
« Improve power factor

« Reduce line current

« Improve voltage profile

« Increase system capacity

» - [ &
Three-Phase Three-Phase
Supply Supply
*—e— ———
* .
Three-phase Three-phase
A Imad Jj lead
Delta connected Star Cr:m nected
capacitor bank Capacitor Bank

Delta and Star Connected Capacitor Banks

Capacitor bank connected in parallel with load.

2.5 Location of Capacitor Banks

« Substations

« Distribution feeders
 Industrial panels

« Near heavy inductive loads
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LECTURE-7 (60 Minutes)
Types, Operation & Maintenance of Capacitor Banks

1. Bridge from Previous Lecture (= 5 minutes)

We understood why capacitor banks are needed.

Now let’s see how they are installed, operated, and maintained in substations.

2. Core Concepts (= 45 minutes)

2.1 Types of Capacitor Banks

1. Fixed Capacitor Banks
o Permanently connected
o Used for constant loads
« Simple and economical

2. Automatic Capacitor Banks

« Switched ON/OFF automatically
« Controlled by APFC relay
« Maintains desired power factor

AC POWER
SUPPLY

INDUCTIVE

T

CURRENT VOLTAGE CAPACITOR RELAY
TRANSFORMER TRANSFORMER BANK
LCD < : : > RELAY
SCREEN MICROCONTROLLER DRIVER

Block diagram showing CT — APFC relay — capacitor stages.

2.2 Switching of Capacitor Banks

Switching devices:

Circuit breakers
Contactors

e Thyristor switches (advanced)
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Switching considerations:

e Avoid inrush current

« Provide discharge resistors
« Ensure correct sequence

2.3 Maintenance of Capacitor Banks

Regular maintenance includes:

e Visual inspection

o Checking bulging or leakage

e Measuring capacitance

e Checking fuses and connections

o Ensuring proper earthing

Important safety note:

Capacitors store charge even after supply is OFF.

2.4 Common Faults in Capacitor Banks

o Overvoltage
e Harmonic resonance
e Fuse failure
e Overheating

Faulty capacitor unit with bulging body

LECTURE-8 (60 Minutes)
OUCB — Optimum Utilization of Capacitor Bank & Commercial Benefits

1. Introduction (= 5 minutes)

Installing capacitors is not enough.
If capacitors are wrongly sized or poorly operated, they can cause more harm than good.
That is why industries follow OUCB — Optimum Utilization of Capacitor Bank.

2. Core Concepts (= 45 minutes)

3.1 What is OUCB?

OUCB means:
Using capacitor banks in the right quantity, at the right location, and at the right time.
Goals of OUCB:
« Maintain target power factor
e Avoid overcompensation
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3.2

3.3

3.4

« Reduce losses
« Improve voltage regulation

Over-compensation & Under-compensation

| Condition “ Effect |
Under-compensation|[Low PF, penalty |

|Over-compensation |Leading PF, voltage rise]

Power factor curve showing under, optimal, and over-compensation.

Case Study (Simple Explanation)

Industrial load:

e PF before capacitor: 0.72

o PF after optimal capacitor: 0.98
Results:

e Reduced current

o Lower losses

e No penalty

o Improved voltage

Commercial Benefits of OUCB

« Reduced electricity bill

« Avoidance of PF penalties

 Increased transformer capacity

o Longer equipment life

o Improved reliability

Fun fact:

Utilities often recover the cost of capacitor banks within 1-2 years.

Real-World / Industry Applications (= 10 minutes)

« Utilities install capacitor banks at substations
e Industries use APFC panels

o Diploma engineers:

Monitor PF

Replace faulty capacitor units
Adjust capacitor stages
Perform routine inspection
OUCB is widely used in:

e Manufacturing plants

o DISCOM substations

o Commercial buildings

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

Key Takeaways

« Capacitor banks supply reactive power
e Improve PF and voltage

« Maintenance is essential for safety

o OUCB ensures economic operation

« Wrong compensation can cause damage

Typical Student Questions

e Why capacitor banks are connected in parallel?
e What happens if capacitor bank fails suddenly?

Mentorship & Career Guidance

Understanding compensation equipment makes you valuable in:

Distribution utilities

Industrial electrical maintenance

Energy audit teams

Power quality roles

Remember:

Power saved is power generated.

An engineer who improves efficiency is as important as one who builds power plants.

Topic 4: Safety Standards and Regulations in Substations (IS 5216)

Unit-3: Substation Practices, Earthing Systems, and Compensation Equipment
Audience: Diploma Engineering — Electrical Engineering

Total Duration: 120 Minutes (2 x 60-minute lectures)

CO Alignment: CO-3 (Apply)

Learning Outcomes

After completing these two lectures, students will be able to:

« Understand the importance of safety standards in substations

o Explain key recommendations of IS 5216 (Part 1 & Part 2)

« ldentify minimum and working safety clearances at various voltage levels
o Apply basic safety practices such as PPE and lockout—tagout

o Develop a safety-first professional mindset
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LECTURE-9 (60 Minutes)
Introduction to Substation Safety & IS 5216 Standards

1. Hook / Motivation (= 10 minutes)

Let me begin with a hard truth.

Most electrical accidents do not happen because engineers lack knowledge—

they happen because safety rules are ignored.

Substations are high-energy environments. Even a small mistake can lead to fatal accidents,
equipment damage, or nationwide blackouts. That is why safety standards exist—not to
restrict engineers, but to protect them.

IS 5216 is often called the “safety bible” for substations.

2. Core Concepts (= 45 minutes)

2.1 Why Safety Standards Are Required

Safety standards ensure:
 Protection of personnel
« Protection of equipment
« Uniform safe practices
« Legal compliance
Without standards:

o Unsafe designs

« Inconsistent practices

« Increased accidents

Fun Fact:

Most substation safety rules are written after learning from past accidents.

2.2 Introduction to IS 5216

IS 5216 is the Indian Standard for:

“Safety procedures and practices in electrical installations.”

It is divided into:

o Part 1 - General safety requirements

o Part 2 — Operational and maintenance safety

Exam Tip:

Students are expected to explain recommendations, not clause numbers.

2.3 Key Recommendations of 1S 5216 — Part 1

IS 5216 Part 1 focuses on general safety principles:
e Proper fencing of substations
« Danger notices and signage
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e Adequate illumination

o Clear access paths

« Fire protection systems

« Proper earthing of structures

2.4 Key Recommendations of IS 5216 — Part |

IS 5216 Part 2 focuses on operational safety:

e Permit-to-work system

« Authorized personnel only

« Proper isolation before work

« Use of insulated tools

o Emergency procedures

Golden rule:

Never trust a switch—always test before touch.

LECTURE-10 (60 Minutes)
Safety Clearances, PPE & Lockout—Tagout Practices

1. Bridge & Recall (= 5 minutes)

We discussed safety rules and standards.
Now we focus on how engineers apply safety practically on site.

2. Core Concepts (= 45 minutes)

2.1 Safety Clearances in Substations

Safety clearance is the minimum safe distance maintained between:
e Live parts and ground

o Live parts and personnel

« Live parts and structures

Types:

1. Minimum Clearance — Absolute minimum

2. Working Clearance — Safe distance for maintenance

Typical Clearance Trend (Explain, not memorize values):

o Higher voltage — Larger clearance
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2.2 Personal Protective Equipment (PPE)

PPE is the last line of defense.

Common PPE in substations:

 Insulated gloves

o Safety helmet

o Arc-flash suit

o Safety shoes

o Face shield

Important note:

PPE does not replace safe practices—it supports them.

2.3 Lockout-Tagout (LOTO) Procedure

Lockout-Tagout ensures:
Equipment cannot be energized accidentally during maintenance.
Steps:

Switch OFF supply
Isolate equipment
Apply lock

Attach danger tag
Test before work

ok

Switch with lock and red danger tag.

2.4 Common Unsafe Practices to Avoid

e Bypassing interlocks

o Working without permit

 Ignoring earthing

o Wearing damaged PPE

« Rushing during emergencies

Real-world lesson:

Most accidents happen during routine work, not emergencies.

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

o Substation safety audits

« Safety drills and mock exercises

e Toolbox talks before maintenance

« Accident investigation reports

e Compliance checks by CEA inspectors
Diploma engineers play a key role in:
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« Enforcing PPE usage
« Maintaining safety records
« Reporting unsafe conditions

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

Key Takeaways

« Safety standards protect life and assets
o IS 5216 guides safe substation practices
« Safety clearance increases with voltage
e PPE and LOTO are mandatory

« Safety is a habit, not an option

Common Student Doubts

e Why minimum clearance is not enough for work?
« Is PPE mandatory even for low voltage?

Mentorship & Career Message

If you follow safety standards:

e You earn trust and respect at work sites

e You reduce risk to yourself and others

e You become a responsible professional engineer
Remember:

A skilled engineer keeps the system running.

A safe engineer keeps everyone alive.

Unit-3: Substation Practices, Earthing Systems, and Compensation Equipment using Al
tools like ChatGPT, Gemini, or similar platforms.

How students should use this:

Copy one prompt — paste into any Al tool — read the answer — relate it to notes, diagrams,
and exams.
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STUDENT Al TOOLKIT

Unit-3: Substation Practices, Earthing Systems, and Compensation
Equipment

LOW-LEVEL PROMPTS
(Remember & Understand — 10 Prompts)

1.

w

9.

10.

“Explain the concept of this topic in very simple language, as if teaching a first-year
diploma student.”

“Define all key terms related to this unit and explain each term in one or two lines.”
“Summarize this topic in bullet points suitable for last-day exam revision.”

“Explain the purpose and importance of this topic in electrical engineering with simple
examples.”

“Differentiate between closely related terms from this unit in a simple comparison
table.”

“Explain this topic using a real-life daily example that a student can easily
understand.”

“Create a step-by-step explanation of this concept without using complex
mathematics.”

“Explain why this topic is included in the diploma syllabus and what problem it
solves.”

“List common mistakes students make while studying this topic and correct them.”
“Explain this topic as short question—answer pairs suitable for viva or oral exams.”

MODERATE-LEVEL PROMPTS
(Apply & Analyze — 10 Prompts)

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

19.
20.

“Explain how the concepts of this unit are applied in real electrical installations or
power systems.”

“Analyze a practical problem related to this unit and explain the correct engineering
solution step by step.”

“Compare two methods or approaches related to this topic and explain when each is
preferred.”

“Explain the consequences if this concept is ignored or improperly applied in real
systems.”

“Create a flowchart in words explaining the operational sequence involved in this
topic.”

“Explain how this topic helps improve system safety, reliability, or efficiency.”

“Solve a typical diploma-level exam problem related to this topic with explanation.”
“Explain how this topic connects with subjects studied earlier in the diploma course.”
“Describe a fault or failure scenario related to this unit and analyze how it is handled.”
“Convert this topic into a set of short notes, diagrams to draw, and keywords for
exams.”
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HIGH-LEVEL PROMPTS
(Design & Create — 5 Prompts)

21

22.

23.

24,

25.

“Design a basic system or workflow based on this unit and explain the reasoning
behind each step.”

“Create a checklist or standard operating procedure for applying this topic safely and
effectively.”

“Develop a case study related to this unit, including problem description, analysis, and
solution.”

“Prepare a mini-project idea based on this topic that a diploma student can
realistically complete.”

“Create an exam-focused concept map or structured framework linking all major
ideas of this unit.”

STUDENT COACHING NOTE

1 Use Low-Level prompts during first reading

1 Use Moderate-Level prompts while solving examples and revising
1 Use High-Level prompts before exams, projects, or interviews
Remember:

Al is not a shortcut—it is a smart study partner.

The better your prompt, the better your understanding.

MASTERY CHECK - UNIT=-3

Substation Practices, Earthing Systems, and Compensation Equipment

1 Key Definitions / Glossary
(Top 15 Exam-Oriented Technical Terms)

1.

Substation Operation — The routine activities performed to safely control, monitor, and
maintain power flow in a substation.

Switching Operation — The process of opening or closing electrical equipment to connect
or disconnect parts of a power system.

Power Flow Monitoring — Continuous observation of voltage, current, and power levels in
a substation.

Preventive Maintenance — Planned maintenance carried out to avoid equipment failure.
Predictive Maintenance — Maintenance based on condition monitoring and performance
data.

Earthing — Connection of exposed metal parts of electrical equipment to earth for safety.
Ground Potential Rise (GPR) — Increase in earth voltage near an earthing system during a
fault.
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10.

11.
12.

13.

14.

15.

Step Potential — VVoltage difference between two points on the ground separated by one
step distance.

Touch Potential — Voltage difference between a grounded object and the earth surface
where a person stands.

Earthing Grid (Mesh Earthing) — A network of buried conductors used to reduce step and
touch potentials.

Resistance Earthing (NER) — Earthing method using a resistor to limit earth fault current.
Reactive Power — Power required to create magnetic fields but does not perform useful
work.

Capacitor Bank — A group of capacitors connected to improve power factor and voltage
profile.

OUCB (Optimum Utilization of Capacitor Bank) — Proper use of capacitor banks to
achieve maximum efficiency and cost benefit.

Lockout-Tagout (LOTO) — A safety procedure to prevent accidental energization during
maintenance.

2 FAQ & Assessment Section

Multiple Choice Questions (MCQs)
(20 Questions — Conceptual & Application Based)

1.
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The main purpose of routine substation operations is to:
A. Increase generation capacity

B. Ensure safe and reliable power supply

C. Reduce transmission distance

D. Eliminate maintenance

. Switching operations are mainly performed to:

A. Increase system voltage

B. Protect consumers from billing errors
C. Connect or disconnect equipment safely
D. Improve power factor

. Which parameter is NOT normally monitored in a substation?

A. Voltage

B. Current

C. Power

D. Temperature of soil

. Preventive maintenance is carried out to:

A. Repair failed equipment
B. Predict future demand

C. Avoid equipment failure
D. Increase system voltage

. Earthing is mainly provided to protect:

A. Only electrical equipment
B. Only operators
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C. Both equipment and human life
D. Power factor
6. Ground Potential Rise occurs mainly due to:
A. Load variation
B. Earth fault current
C. Lightning arresters
D. Capacitor banks
7. Step potential depends on:
A. Distance between two feet
B. Height of conductor
C. Frequency of supply
D. Power factor
8. Touch potential is most dangerous because:
A. Current flows through the heart
B. Voltage is very low
C. It affects only equipment
D. It occurs only indoors
9. Which earthing system is commonly used in EHV substations?
A. Plate earthing
B. Rod earthing
C. Mesh earthing
D. Pipe earthing
10. Resistance earthing is mainly used to:
A. Increase fault current
B. Limit earth fault current
C. Eliminate earthing
D. Increase voltage level
11. Reactive power is mainly required for:
A. Heating loads
B. Lighting loads
C. Magnetic field creation
D. Energy billing
12. Poor power factor results in:
A. Reduced losses
B. Higher current
C. Lower voltage only
D. Improved efficiency
13. Capacitor banks are connected mainly in:
A. Series with load
B. Parallel with load
C. Series with generator
D. Open circuit
14. Automatic capacitor banks are controlled by:
A. Transformer
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B. Relay panel
C. Power factor controller
D. Earth switch
15. Over-compensation leads to:
A. Lagging power factor
B. Leading power factor
C. Unity power factor always
D. No effect on voltage
16. OUCB focuses on:
A. Maximum number of capacitors
B. Proper size, location, and operation
C. Eliminating reactive power
D. Increasing system frequency
17. Safety clearance increases with:
A. Reduction in voltage
B. Increase in voltage
C. Increase in power factor
D. Decrease in current
18. PPE is mainly used to:
A. Replace safe practices
B. Improve power flow
C. Provide personal protection
D. Reduce maintenance
19. Lockout—Tagout ensures that equipment:
A. Operates automatically
B. Cannot be energized accidentally
C. Improves efficiency
D. Reduces losses
20. Safety standards like 1S 5216 mainly focus on:
A. Economic operation
B. Electrical design only
C. Human and equipment safety
D. Power generation

Answer Key (MCQs)

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

Short Answer / Viva Questions

(10 Exam-Focused Questions)

1.  Why are routine switching operations carried out in substations?

2. Explain the difference between preventive and predictive maintenance.
3. What is earthing and why is it necessary in substations?
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Define step potential and explain how it can be reduced.

Why is touch potential more dangerous than step potential?

What is the purpose of mesh earthing in substations?

Explain the need for reactive power compensation.

What is OUCB and why is it important for utilities?

Why is safety clearance important in high-voltage substations?

10 Explain the importance of lockout—tagout during maintenance work.

© N A

Final Examiner’s Note for Students

If you can:

v explain the glossary in your own words
v answer MCQs with reasoning

v’ confidently handle viva questions

DIGITAL RESOURCE LIBRARY
Unit—3: Substation Practices, Earthing Systems, and Compensation
Equipment

Branch / Discipline: Electrical Engineering (Diploma)

1 Al Tools & Digital Learning Tools

(Free / Easily Accessible Learning Aids)
1. Virtual Labs (VLAB — Govt. of India Initiative)

Purpose / Use-case:

Simulation of substation operations, earthing, switching, and maintenance scenarios.
How it helps this unit:

« Visualizes switching sequences and fault scenarios

o Demonstrates earthing systems and safety procedures

« Helps students “see” what happens during operations without real-site risk

o Excellent for slow and average learners

2. MATLAB Online / MATLAB Simulink (Student Access)

Purpose / Use-case:
Basic simulation of power systems, voltage profile, and reactive power effects.
How it helps this unit:
o Visualizes reactive power and compensation
o Helps understand effect of capacitor banks
e Supports OUCB concept through simple models
1 Useful for applied understanding and mini-projects
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3. Electrical Power System Simulators (ETAP Student / OpenDSS)

Purpose / Use-case:
System-level simulation of substations and distribution networks.
How it helps this unit:

Shows impact of earthing, faults, and compensation

Builds system-level thinking

Useful for high-performing students and design-based learning
1 Aligns with NEP-2020 skill orientation

4. Al Assistants (ChatGPT / Gemini / Copilot)

Purpose / Use-case:
On-demand explanation, revision, and exam preparation.
How it helps this unit:

Explains earthing, OUCB, safety standards in simple language
Generates exam-style questions and answers

Helps convert theory into flowcharts and summaries

1 Best used with the Student Al Toolkit prompts

5. Diagram & Concept Visualization Tools (Draw.io / PowerPoint)

Purpose / Use-case:
Drawing SLDs, earthing grids, and flow diagrams.
How it helps this unit:

Helps students practice exam diagrams
Improves visual memory for viva and theory exams
Supports self-made notes and presentations

2 Video Learning Repository

(Recommended Free Video Resources — No Direct Links)

Recommended Channel / Course /

Topic Name Search Keywords
P Lecturer Name yw
Routine Substation . . . . “substati itchi ti
. Electrical Engineering Tutorials (YouTube) ?u >a f,on SWITCHINg operations
Operations diploma

Switching Sequences &

SLD

. [13 . . 1 1 .
GATE Academy / MADE EASY Basics subsFahoP single line diagram
explained

Earthing Basics

‘NPTEL — Electrical Engineering ‘

“earthing system basics NPTEL”

Step & Touch Potential Power System Protection Lectures

“step and touch potential
explained”

Substation Earthing Grid ||Electrical4U

“mesh earthing substation

explanation”
Grounding Standards (IS . . “IS 3043 earthing standard
Power Engineering Lectures -
3043) explanation
Reactive Power NPTEL — Power Systems “reactive power basics diploma”
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Recommended Channel / Course /

Topic Name
P Lecturer Name

Search Keywords

Fundamentals H

|

“capacitor bank power factor

Capacitor Banks Engineering Explained — Electrical .
correction

“optimum utilization of capacitor

B t tility Training Lect
OUCB Concep Utility Training Lectures bank”

“power factor improvement

Power Factor Improvement||SWAYAM — Electrical Courses o
capacitor

“substation safety practices IS

Safety in Substations Electrical Safety Council / CEA Talks 516"

[PPE & Lockout-Tagout |Industrial Safety Training Videos “lockout tagout electrical safety”

Student Learning Coach Tips

"1 Before class: Watch 1-2 short videos

1 After class: Use Al tools for clarification

1 Before exams: Revise diagrams + glossary

1 For practical confidence: Use virtual labs repeatedly
Remember:

Reading builds knowledge,

Watching builds understanding,

Simulating builds confidence.

EXTERNAL EXPOSURE MODULE
Subject: Substation Engineering

(For Diploma — Electrical Engineering Students)

1 Beyond the Syllabus — Emerging Technologies

(Awareness of What’s Next in the Power Sector)
1. Digital Substations & Smart Monitoring Systems

What it is:

Modern substations where conventional wiring, relays, and manual monitoring are replaced by
digital sensors, intelligent devices, and communication networks.

Link with syllabus fundamentals:

« Builds on routine operations, switching, earthing, and monitoring

o Extends concepts of voltage, current, protection, and safety

o Uses digital data instead of only analog meters

Why students should care:

e Most new substations are moving towards digital designs

« Diploma engineers are needed for operation, maintenance, and data monitoring
« Strong foundation in substation basics makes digital systems easier to learn later
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2. Smart Reactive Power Compensation & Power Quality Systems

What it is:

Advanced systems that automatically manage reactive power, voltage stability, and power
factor using intelligent controllers and sensors.

Link with syllabus fundamentals:

« Direct extension of capacitor banks and OUCB concepts

o Uses real-time data instead of manual switching

o Improves efficiency and reduces losses

Why students should care:

« Industries demand engineers who understand energy efficiency

o Power utilities focus on loss reduction and quality improvement
« Strong knowledge of compensation basics gives a career edge

2 MOOC & Online Course Recommendations

(Free / Audit-Friendly Learning Opportunities)
1. Power System Engineering

e Platform: NPTEL

o Focus: Power generation, substations, transmission, protection

e How it helps:
Reinforces substation operations, earthing, and system-level understanding with real
examples

2. Electrical Power Systems

o Platform: SWAYAM
e [Focus: Fundamentals of power systems and substations
e How it helps:
Strengthens theoretical clarity and supports diploma exam preparation

3. Energy Management & Power Quality (Audit Option)

« Platform: Coursera
o [Focus: Power factor, reactive power, efficiency
e How it helps:
Enhances understanding of capacitor banks and compensation from an industry viewpoint

3 Industrial Exposure / Field Visit Suggestions

(Regional & Realistic Visit Ideas)

1. State Electricity Transmission Company Substations
Type of Industry:
Transmission and grid operation utilities

What students can observe:
¢ Real substation layouts
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« Switching operations
« Earthing systems and safety practices
« Control room functioning

2. Distribution Utility or City Power Substation

Type of Industry

Power distribution and consumer supply
What students can observe:

« Capacitor banks in action

o Load variation handling

« Routine maintenance practices

« Safety clearance and PPE usage

3. Industrial Electrical Maintenance Facility / Large Manufacturing Plant

Type of Industry:

Process industries, automation-heavy plants
What students can observe:

o Power factor improvement systems

o Maintenance procedures

o Energy efficiency practices

« Application of OUCB concepts

4. Conferences, Seminars & Technical Events

(Exposure to Professional Engineering Culture)
1. |EEE Power & Energy Society (PES) Conferences

Theme:

Power systems, substations, smart grids, energy efficiency

Why it helps students:

o Exposure to global trends

« Motivation to pursue higher studies

« Understanding how classroom topics evolve into research and innovation

2. National Power Engineering Conferences (India)

Theme:

Transmission, distribution, substation modernization
Why it helps students:

« Industry-academia interaction

o Awareness of Indian power sector challenges

« Inspiration for final-year projects

3. Electrical Safety & Energy Management Seminars

Theme:
Safety standards, earthing, power quality
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Why it helps students:

o Builds safety-first mindset

o Improves professional communication skills

« Connects technical knowledge with real responsibilities

Mentor’s Closing Message to Students

Substation Engineering is not an isolated subject.

It is the foundation for careers in:

o Power utilities

« Industrial maintenance

« Energy management

e Smart grid and automation systems

Remember:

Today you learn how substations work.

Tomorrow, you may help design, operate, or modernize them.

PREDICTED QUESTION BANK — UNIT-3

Substation Practices, Earthing Systems, and Compensation Equipment

Branch: Electrical Engineering (Diploma)

1

A

Most Repeated / High-Probability Questions

(Very Likely to Appear — Definitions, Explanations, Diagrams)
Short Answer / 2-3 Marks Type Questions

(Frequently repeated across diploma exams)

1. Define routine substation operations.

What is meant by switching operation in a substation?
State the purpose of earthing in substations.

Define step potential.

Define touch potential.

What is ground potential rise (GPR)?

List any two objectives of preventive maintenance.
What is reactive power?

State the function of a capacitor bank.

10 What is meant by lockout-tagout (LOTO)?

©ooN RN

Medium Answer / 4-5 Marks Type Questions

(Concept + explanation, often repeated)
11. Explain routine substation operations carried out during normal conditions.

12. Explain preventive, predictive, and proactive maintenance with suitable examples.

13. Explain the need for earthing in substations.
14. Explain step potential and touch potential with neat sketches.
15. Describe mesh (grid) earthing system used in substations.

Al Generated content for SUBSTATION ENGINEERING

117




16.
17.
18.
19.
20.

Explain the effects of poor power factor on the electrical system.
Explain the working and advantages of capacitor banks.

Write a short note on OUCB (Optimum Utilization of Capacitor Bank).
Explain the importance of safety clearance in substations.

State the general safety recommendations as per IS 5216.

C. Long Answer / 8-10 Marks Type Questions

(High probability — usually 1 question from this unit)

21.
22.
23.
24,
25.

Explain earthing systems used in substations with neat diagrams.
Explain step, touch, transferred, and floating potentials and methods to reduce them.

Describe reactive power compensation using capacitor banks and explain its benefits.

Explain routine substation operations, monitoring practices, and documentation.
Explain safety practices in substations, including PPE and lockout-tagout procedures.

') Examiner’s Tip:
Questions 21-25 are most expected long questions from Unit-3.

2 Application & Logical Thinking Questions

(5 Questions — High-Scoring & Differentiation Level)
These questions test understanding + application, and help students score above average
marks.

Application-Based Questions

1.

A substation experiences frequent equipment failures during peak load hours.
Explain how proper routine operations and maintenance practices can reduce such
failures.

Identify the type of potential involved and explain how it can be reduced.

. An industrial consumer is penalized by the utility despite consuming less energy.

Analyze the possible reason and explain how capacitor banks and OUCB can solve the
problem.

During maintenance work, a feeder is accidentally energized causing an accident.
Explain how lockout—tagout procedure could have prevented this incident.

. A newly constructed substation shows unsafe voltage levels on metallic structures

during faults.
Suggest suitable earthing methods and justify your choice.

How to Use This Predicted Question Bank (Student Guidance)

First, master all definitions (guaranteed marks)
Prepare 2-3 long answers thoroughly
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o Practice step/touch potential diagrams
e Learn OUCB + capacitor bank as an application topic
« Write answers with safety + reasoning focus

Examiner’s Final Advice

Most diploma students lose marks not due to lack of knowledge,
but due to poor structure and unclear explanation.

If you:

e Write clear definitions

o Draw neat, labeled diagrams

« Relate answers to safety and application
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Weightage: 28% (High Exam Importance)

UNIT-4 STUDY PLAN

Specialized Substations and Automation Basics

Branch: Diploma Electrical Engineering
Total Hours: 13 Lecture Hours

Mapped CO: CO-4 (Apply level)

UNIT-4 LEARNING PROGRESSION (Pedagogical Logic)

Introductory Awareness — Technology Understanding — System Application — Future
Orientation
This sequencing ensures:
« Smooth transition from conventional substations (Unit-3)
o Conceptual clarity before automation & smart grid topics
« Strong application & employability focus

DETAILED TOPIC-WISE STUDY PLAN (STRICTLY AS PER

SYLLABUS)
. . Practical
Sr.|| Topic (As per . Topic Suggested Exam actical /
Sub-Topics Covered Lecture Industry
No. Syllabus) Nature* Importance
Hours Relevance
. Purpose, need in urban High (Urban
1 Overview of & HV areas Core 1 oooo substations
GIS & HGIS ' ’
compactness metros)
GIS GIS Circuit Breakers, .
2 Components — | || Disconnector switches Core ! SR High
3 | I3 carthing switches, Core 1 900 ||Medium-High
Components — 11 || three-position switches
GIS .
T, PT . .
4 ||IComponents — CT.PT, view ports_., Supporting 1 000 Medium
i pressure relief devices
- Density monitors, gas-
5 GIS Auxiliary tight & pass-through Supporting 1 OOl Medium
Systems .
insulators
Routine Inspection points
6 || Checklist of safst awariness’ Application 1 o000 Very High
GIS & HGIS y
HVDC Purpose, long-distance
7 || Substations — & renewable Core 1 000l High
Overview integration
Converters, filters, DC .
8 HVDC v ) TS, Core 1 oooo High
Components transformers
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Sr.|| Topic (As per . Topic Suggested Exam Practical /
Sub-Topics Covered Lecture Industry
No. Syllabus) Nature* Importance
Hours Relevance
HVDC Ratings || £500 kV, MW ratings, . .
o & Functions grid stability Core 1 JHE | Medium-High
HVDC Converter checks, filter
10 || Maintenance & || inspection, digital Application 1 oao High
Monitoring monitoring
Substation Definition, need,
11 || Automation — || advantages of SCADA Core 1 oooo Very High
Basics substations
SCADA .
} Architecture, HMI, .
12 || Architecture & OWS, EWS Core 1 mininlN Very High
Interfaces
Digital substations,
Modern & GOOSE, MMS, Application / .
13 || Future . 1 mininlN Very High
. cybersecurity, smart Awareness
Substations . .
grids, green substations
* Topic Nature Legend
o Core: Frequently asked, concept-forming, scoring
e Supporting: Strengthens understanding
e Application: Used in case studies, viva, industry readiness
EXAMINATION & OBE ALIGNMENT SNAPSHOT
| Aspect [ Alignment |
[Bloom’s Level |Apply (A-Level —50%) |
Question Types ||Short notes, explanations, diagrams, comparisons |
[High-Scoring Areas ||GIS components, HVDC block diagram, SCADA architecture|
‘Diagram ImportanceHVery High (GIS, HVDC, SCADA) ‘
‘Viva Focus HAutomation, digital substations, smart grids ‘
FACULTY & STUDENT USAGE GUIDANCE
For Faculty
o Ideal for lecture planning & lesson delivery
o Easy mapping to 13 lecture sessions
e Supports chalk-board + PPT hybrid teaching
For Students
e Clear what to study, how much, and why
o Helps prioritize high-weight exam topics
o Suitable for self-study & revision
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For Al-Assisted Learning

e Each row can become:
o One Al lesson
o One quiz
o One micro-video
o One PPT module

MENTORSHIP NOTE (Career Perspective)

Unit—4 introduces you to the world of future power systems.

If Unit-1 to 3 make you a substation technician,

Unit—4 starts shaping you into a modern power-system professional
ready for GIS, HVDC, automation, and smart grid roles.

Unit—+4
Lecture -1

Overview of Specialized Substations — Purpose, Urban/HV Use &
Compactness

1002 Hook / Introduction (= 5 minutes)

Let me begin with a simple thought experiment.

Imagine you are asked to supply electricity to a metro station located underground in a
crowded city.

There is no open land, people are moving all around, and safety is extremely important.
Now think:

1 Can we build a large open-air substation there?

The answer is NO. This is where specialized substations, especially Gas Insulated
Substations (GIS), become necessary. Today’s lecture will help you understand why these
substations were developed, where they are used, and why compactness matters.

218 Core Concepts (= 40 minutes)
Purpose of Specialized Substations

Traditional substations, also called Air Insulated Substations (AlS), require:
e Large land area

e Open air insulation

e Wide safety clearances

However, modern power systems face new challenges:

e Land scarcity

e Urban population growth

e Environmental pollution

« Higher voltage levels
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The main purpose of specialized substations is to deliver reliable and safe power under space
and environmental constraints.

Use in Urban Areas

Urban areas demand substations that are:
o Compact
o Safe for the public
o Less affected by pollution and weather

GIS substations meet these requirements because:
e All live parts are enclosed inside metal chambers
e Insulation is provided by SF¢ gas, not air
e No open conductors are exposed

1 Visual to draw:

(A) (B)
(A)Large open AIS yard (B)Compact indoor GIS substation

This makes GIS suitable for:

« City centers

e Metro rail substations

e Underground installations

o High-rise building substations

Use in High-\Voltage Areas

As voltage increases:

e Required air clearance increases

« Risk of flashover increases

o Size of AIS grows significantly

In high-voltage and extra-high-voltage (HV/EHV) systems, GIS becomes very useful
because:
e SF¢ gas has very high dielectric strength
o Equipment spacing is much smaller
o System reliability improves
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'] Fun Fact:
SF gas can withstand much higher electric stress than air, allowing compact HV substations.

Compactness — Why It Matters

Compactness is one of the most important advantages of GIS.
Compared to AlS:

e GIS requires about 10-20% of the space

o Equipment is installed vertically and modularly

e Indoor installation is possible

Compact substations offer:

e Lower land cost

o Better aesthetics

e Improved safety

o Easy expansion using modular units

Link with Hybrid GIS (HGIS)

In some cases, full GIS is costly.
Hybrid GIS (HGIS) combines:
e GIS equipment for critical sections
e AIS equipment for less critical parts
This provides:
e Space saving
o Cost optimization
o Practical design flexibility

3018 Real-World / Industry Applications (= 10 minutes)

Specialized substations are commonly found in:
e Metro rail projects

e Airports

« Urban transmission substations

e Industrial plants

e Underground power stations

Power utilities prefer GIS/HGIS where:

e Space is limited

e Public safety is critical

« High reliability is required

4110 Summary & Q&A (= 5 minutes)
Key Takeaways

o Specialized substations solve space and safety problems
e GISis ideal for urban and high-voltage applications
o Compactness reduces land, cost, and risk
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e HGIS balances cost and performance
Common Student Questions

e Why not use GIS everywhere? — Cost factor
e Is GIS safer than AIS? — Yes, due to enclosed design
e Isindoor substation always GIS? — Mostly, but depends on voltage

Mentorship Note — Career Insight

Understanding the purpose and applications of GIS helps you:
o Read modern substation layouts confidently

o Prepare for utility and metro project jobs

e Transition easily into HV, EHV, and automation fields

Lecture - 2
Components of GIS — Circuit Breakers and Disconnector Switches

1[1R Hook / Introduction (= 5 minutes)

Let us begin with a familiar situation.

When a fault occurs in a power system, what is the first equipment that must act to protect
the system?

1 The circuit breaker.

Now imagine performing this operation inside a sealed metal chamber filled with gas, without
any visible arc. That is exactly what happens inside a GIS circuit breaker. Today’s lecture
focuses on two very important GIS components:
e Circuit Breakers
« Disconnector Switches

Understanding these components is essential for exams, safety awareness, and real-life
substation work.

218 Core Concepts (= 40 minutes)

GIS Circuit Breakers

A GIS circuit breaker is a switching device used to:
o Make and break normal load current
« Interrupt high fault currents
« Protect the system during abnormal conditions

Unlike conventional circuit breakers, a GIS circuit breaker:
e Isenclosed inside a metallic chamber

e Uses SF¢ gas for insulation and arc quenching

o Operates in a compact, sealed environment
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Working Principle (Simplified)

« Under normal conditions, current flows through closed contacts.
e During a fault:
o Contacts separate
o Anarcis formed
o SFg¢ gas absorbs free electrons and extinguishes the arc rapidly

e The system becomes electrically isolated safely.
Access cover

Insulating rod Fixed contact

Fixed arcing contact

Operating box

NN

Insulating mount \—Moving arcing contact
Moving contact

Cross-section of GIS circuit breaker

"l Fun Fact:
SF¢ gas cools the arc faster than air, making GIS breakers highly reliable.

Advantages of GIS Circuit Breakers

o Compact size

« High breaking capacity

e Low maintenance

o Safe operation (no exposed live parts)

« Suitable for high-voltage and EHV systems

Disconnector Switches in GIS

A disconnector switch is used to:
e Isolate a part of the system
e Ensure visible separation during maintenance
e Operate only under no-load conditions

0 Important Rule:

A disconnector must not interrupt load or fault current.

Role of Disconnector in GIS

In GIS, disconnectors:
o Are also enclosed in SF¢ filled chambers
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« Provide mechanical isolation
o Work together with circuit breakers and earthing switches
o Ensure safety of maintenance personnel

Interlocking System (Safety Feature)

GIS disconnectors are provided with interlocking, which ensures:

« Disconnector cannot open when circuit breaker is closed

o Circuit breaker cannot close if disconnector is not in correct position
This prevents:

« Wrong operation

« Equipment damage

e Human accidents

Comparison (Exam Favourite)

| Feature |Circuit Breaker| Disconnector|
[Interrupts fault current |Yes INo |
|Operates under load | Yes INo |
|Arc quenching medium|'SF, gas INot required |
[Main purpose |Protection Isolation |

3010 Real-World / Industry Applications (= 10 minutes)

In actual substations:

o Circuit breakers respond automatically during faults

o Disconnectors are operated before and after maintenance

e Operators follow a fixed switching sequence:
1. Open circuit breaker
2. Open disconnector
3. Close earthing switch

GIS substations in:

e Metro stations

e Airports

e Urban transmission networks

Rely heavily on these components for safe and reliable operation.

4110 Summary & Q&A (= 5 minutes)
Key Takeaways

e GIS circuit breakers protect the system during faults
e SF¢ gas ensures fast arc extinction

« Disconnectors provide mechanical isolation

« Interlocking ensures operational safety
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« Very important for viva and theory exams
Common Student Doubts

e Can adisconnector break load current? — No
e Why is SF4 used? — High dielectric strength
o Are GIS breakers maintenance-free? — Low maintenance, not zero

Mentorship Note — Career Insight

A strong understanding of GIS circuit breakers and disconnectors helps you:
e Work confidently in HV and EHV substations

« Follow safe switching procedures

e Prepare for utility, metro, and smart grid jobs

o Build a base for protection and automation studies

Lecture - 3
Earthing Switches in GIS — Safety-Critical Switching Devices

101E Hook / Introduction (= 5 minutes)

Let me begin with a safety-focused question:

“If a circuit breaker is open and power supply is isolated, is the equipment completely safe
to touch?”

Most students initially say yes—but in reality, residual charges, induced voltages, or back-
feed can still make equipment dangerous. This is why earthing switches are used in substations.
In Gas Insulated Substations (GIS), earthing switches play a critical role in operator safety.
Today’s lecture focuses on three important types:

e Non-fault initiating earthing switches

o High-speed earthing switches

e Three-position disconnector / earthing switches

Understanding these devices is essential for safe substation operation and examinations.

2118 Core Concepts (= 40 minutes)

Non-Fault Initiating Earthing Switch (NFIES)

A non-fault initiating earthing switch is designed to:
o Earth isolated equipment safely
e Avoid initiating a fault during earthing operation
Working Concept (Simple Explanation)
e Operated only when:
o Circuit breaker is open
o Disconnector is open
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« Itensures no live voltage is present before earthing

x Disconnector

Earthing switch connected to isolated bus section after disconnector
Key Features
e Operates under no-voltage condition
o Ensures operator safety
e Used during routine maintenance
717 Exam Point:
It does not interrupt fault current.

High-Speed Earthing Switch (HSES)

A high-speed earthing switch is designed to:

e Operate very quickly

« Protect the system during transient or induced voltage conditions
Why High Speed is Needed?

During certain faults:

e Voltage may appear suddenly

o Fast earthing is required to protect equipment and personnel

HSES operates:

o Within milliseconds

o Often triggered automatically

High-speed earthing switch with spring-operated mechanism
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Applications
e HVand EHV GIS substations
« Protection against switching surges
e Transmission line earthing
" Fun Fact:
High-speed earthing switches are faster than human reaction time!

Three-Position Disconnector / Earthing Switch

This is a combined device having three stable positions:
1. ON (Connected)
2. OFF (Isolated)
3. EARTHED
Importance
« Eliminates wrong operation
e Reduces equipment count
o Enhances safety
Interlocking
e Only one position possible at a time
o Prevents closing on earth or earthing live equipment
[1[1 Exam Favourite Question:
“Explain three-position disconnector with neat diagram.”

Comparison (Quick Revision)

‘ Feature H NFIES H HSES HThree—Position Switch‘
[Speed INormal |Very high INormal |
‘Fault handlingHNo HYes (limited) HNO

|
[Main purpose | Safe earthing|[Fast protection |[Combined safety |
|

Operation  [Manual |Automatic/Manuall[Manual

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

In real GIS substations:
« Maintenance staff rely on earthing switches for safety
« High-speed earthing switches protect during:
o Line switching
o Lightning surges
e Three-position switches reduce operational errors
These devices are widely used in:
e Urban GIS substations
e Metro rail substations
e EHYV transmission systems
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41]R Summary & Q&A (= 5 minutes)

Key Takeaways

« Earthing switches ensure human and equipment safety
o NFIES prevents fault during maintenance

e HSES provides fast protective action

e Three-position switch improves safety and reliability

« Highly important for viva and safety questions

Common Student Doubts

e Can earthing switches break fault current? — No
e Is HSES automatic? — Often yes
e Why combine disconnector and earthing? — To prevent wrong operation

Mentorship Note — Career Insight

Mastering earthing switch concepts helps you:
o Follow safe switching procedures
e Work confidently in GIS and HV substations
e Understand protection and automation systems
o Build trust as a responsible field engineer

Lecture - 4
Auxiliary & Protection Components in GIS — View Ports, CT, PT &

Pressure Relief Devices

1[1R Hook / Introduction (= 5 minutes)

Let us begin with a safety-related thought.
“If all GIS equipment is sealed inside metal enclosures, how do engineers inspect its condition
or detect internal problems?”
Unlike conventional substations, we cannot visually see live parts in GIS. Therefore, special
components are provided for inspection, measurement, and protection. In today’s lecture, we will
study four such important components:

e View Ports

e Current Transformers (CT)

o Potential Transformers (PT)

e Pressure Relief Devices
These components may look small, but they play a major role in safe and reliable operation.

218 Core Concepts (= 40 minutes)
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View Ports in GIS

A view port is a transparent or inspection window provided on GIS enclosures.
Purpose:

e To visually inspect internal components

e To check alignment and condition during installation

o To observe internal arcing or damage (during shutdown)

Key Points:
e Usually provided at strategic locations
o Used only when GIS is de-energized
e Helps reduce dismantling during inspection

Current Transformer (CT) in GIS

A Current Transformer (CT) is used to:
e Measure current
e Provide input to protection relays
o Enable metering and monitoring
GIS CT Characteristics:
o Compact design
« Fully enclosed in SF¢ gas
« High accuracy and insulation reliability

Exam Note:
CT in GIS works on the same principle as conventional CT, but is more compact and sealed.

Potential Transformer (PT) in GIS

A Potential Transformer (PT) is used to:
« Step down high voltage to measurable levels
o Provide voltage signals for meters and relays
GIS PT Features:
e Integrated inside GIS enclosure
e Provides safe voltage measurement
e Reduces risk of insulation failure

'] Fun Fact:
In GIS, PTs are often more reliable because they are protected from dust and moisture.

Pressure Relief Device (PRD)

A Pressure Relief Device is a safety component designed to:
o Release excess pressure from the GIS enclosure
o Prevent rupture or explosion during internal faults
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Why is it Needed?
« Internal arc faults cause rapid pressure rise
e SF¢ gas expands due to heat

Operation:
e Opens automatically when pressure exceeds limit
o Directs hot gases safely away from personnel

[0 Safety Focus:

PRDs protect both equipment and human life.

Summary Table (Quick Revision)

‘ Component H Main Function ‘
View Port |Visual inspection |
cT |[Current measurement & protection|
PT |Voltage measurement |
|Pressure Relief Device|Safety during internal faults |

312 Real-World / Industry Applications (= 10 minutes)

In actual GIS substations:
e View ports help during installation and fault investigation
e CTsand PTs continuously feed data to:
o Protection relays
o SCADA systems
o Pressure relief devices ensure:
o Safe operation during faults
o Compliance with safety standards
These components are critical in:
e Urban GIS substations
e Metro rail substations
e HVand EHV installations

4117 Summary & Q&A (= 5 minutes)
Key Takeaways

e GIS requires special inspection and protection components
e CT and PT provide safe measurement signals

o Pressure relief devices prevent dangerous failures

o Frequently asked in viva and theory exams

Common Student Questions
o Can view ports be opened during operation? — No

e Are GIS CTs and PTs maintenance-free? — Low maintenance, not zero
e What happens if PRD fails? — Risk of enclosure damage
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Mentorship Note — Career Insight

Understanding auxiliary components helps you:
o Diagnose substation problems
« Read protection schemes
e Work confidently in GIS maintenance teams
« Build foundation for automation and protection systems

Unit-4 | Topic-1 (Part-E)
Lecture -5
Gas Monitoring & Insulation Integrity in GIS

1[1R Hook / Introduction (= 5 minutes)

Let me start with a practical question:
“If SF¢ gas provides insulation in a GIS, what happens if even a small amount of gas leaks?”
The answer is simple but serious: insulation strength reduces, and the risk of internal flashover
increases. That is why continuous gas monitoring and perfect sealing are critical in Gas Insulated
Substations.
Today’s lecture focuses on three important elements that ensure the health of the SF¢ gas system:

« Density Monitors

e Gas-Tight Construction

e Gas Pass-Through Type Insulators
These components work silently—but they are the guardians of GIS reliability.

2118 Core Concepts (= 40 minutes)

Density Monitors in GIS

A density monitor is a device used to:
e Measure the density (pressure + temperature compensation) of SF¢ gas
o Detect gas leakage at an early stage
Why Density, Not Just Pressure?
SF¢ gas pressure varies with temperature. Density monitors:
o Compensate for temperature changes
e Give accurate indication of gas condition

Working Principle (Simple)

e Uses a sealed reference chamber

o Compares actual gas density with reference

e Triggers alarm or trip when density falls below set limits
1] Exam Point:
Low gas density — reduced dielectric strength
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Gas-Tight Design in GIS

Gas-tight construction means:

o Preventing leakage of SF¢ gas

« Maintaining insulation and arc-quenching properties
How Gas-Tightness is Achieved:

o High-quality gaskets and O-rings

e Precision-machined flanges

e Welded or sealed joints

Importance:

e Reduces maintenance

o Improves reliability

o Ensures long service life
'] Fun Fact:

Modern GIS designs can limit leakage to less than 0.5% per year.

Gas Pass-Through Type Insulators

A gas pass-through type insulator allows:
o Electrical conductors to pass through compartments
e SF¢ gas to remain sealed between sections
Key Functions:
e Electrical insulation
e Mechanical support
o (Gas separation or continuity

Characteristics:
o High dielectric strength
o Resistant to thermal and mechanical stress
o Maintains gas pressure integrity
(111 Exam Favourite:
“State functions of gas pass-through insulators in GIS.”

Combined Role (Quick Understanding)

’ Component H Main Role ‘
[Density Monitor |Gas condition monitoring|
|Gas-Tight Design |Leakage prevention |
|Gas Pass-Through Insulator| Insulation + gas sealing |

3[1@ Real-World / Industry Applications (= 10 minutes)

In actual GIS substations:
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« Density monitors are connected to SCADA for alarms

e Maintenance teams rely on them to plan gas refilling

o Gas-tight construction reduces downtime

e Pass-through insulators allow modular GIS expansion
These features are essential in:

e Urban substations

e Metro rail power systems

« High-voltage and EHV installations

4117 Summary & Q&A (= 5 minutes)

Key Takeaways

e SF¢ gas health is critical in GIS

« Density monitors detect leakage early

o Gas-tight design ensures long-term reliability

o Pass-through insulators maintain insulation and sealing

Common Student Doubts

e Is pressure gauge enough? — No, density monitor is better
e Can gas leakage be repaired? — Yes, during maintenance
e Areinsulators replaceable? — Yes, but carefully

Mentorship Note — Career Insight

Understanding gas monitoring and insulation systems helps you:
o Diagnose GIS faults confidently
e Work in maintenance, testing, and commissioning
o Prepare for HV engineering roles
o Build strong foundation for automation and protection

Unit—4 | Topic-1 (Part-F)
Lecture - 6
Routine Check List of GIS & HGIS Substations

1012 Hook / Introduction (= 5 minutes)

Let me begin with a reality from the power industry:

“Most substation failures are not due to design faults—but due to poor routine checking.”

Gas Insulated Substations (GIS) and Hybrid GIS (HGIS) are highly reliable systems, but only when
regular inspections are carried out. Unlike conventional substations, many parts in GIS are sealed,
so early detection of abnormalities becomes extremely important.

Today’s lecture will train you to think like a maintenance engineer by understanding the routine
check list followed in real GIS and HGIS substations.
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211 Core Concepts (= 40 minutes)

Purpose of Routine Checks

Routine checks are performed to:

Ensure safe and uninterrupted operation
Detect early signs of faults

Maintain insulation and mechanical integrity
Prevent costly breakdowns

"1 Exam Point:

Routine checks are mostly visual, monitoring-based, and record-oriented.

Electrical Parameter Checks

These checks ensure correct system operation:

v’ Current and voltage readings through CTs and PTs
v’ Abnormal fluctuations in meter readings

v Relay indications and alarms

SFes Gas Monitoring Checks

SF¢ gas health is critical in GIS/HGIS.
v’ Density monitor readings within safe range
v Gas leakage alarms

v/ Gas compartment pressure status
C117 Important:
Low gas density can lead to flashover risk.

Mechanical & Structural Checks

Even sealed systems need mechanical observation.
v’ Condition of enclosures and flanges

v Tightness of bolts and joints

v’ No unusual vibration or noise

'] Fun Fact:

Unusual humming sound often indicates internal partial discharge.

Earthing & Safety Checks

Safety checks are mandatory during every inspection.
v Earthing switches position indication

v Integrity of earthing connections

v’ Locking and interlocking systems
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" Exam Favourite:
“State the importance of earthing checks in GIS.”

Control & Protection System Checks

Modern GIS/HGIS substations are automated.
v’ Control panel indications

v’ Health of protection relays

v/ SCADA communication status

Environmental & Housekeeping Checks
A clean environment improves reliability.

v Temperature and ventilation

v’ Cleanliness around GIS area

v’ Absence of moisture and dust

Routine Checklist Summary (Quick Table)

‘ Area H Items to Check

‘Electrical HVoItage, current, alarms

(Gas System ||Density, leakage

[Earthing |[Switch position, connections

Control  |[Relays, SCADA

‘Environment"Cleanliness, ventilation

‘Mechanical HEncIosures, vibration ‘

3010 Real-World / Industry Applications (= 10 minutes)

In real substations:
o Operators follow daily, weekly, and monthly checklists
e Readings are logged and compared
e Any abnormality triggers preventive maintenance
« Routine checks reduce:
o Forced outages
o Equipment damage
o Safety incidents
These practices are standard in:
e Urban GIS substations
e Metro rail power stations
e Ultility and industrial substations
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41]R Summary & Q&A (= 5 minutes)

Key Takeaways

e Routine checks are the backbone of GIS reliability

o Focus on gas health, electrical parameters, and safety
e Mostly non-intrusive and observation-based

e Frequently asked in viva and practical exams

Common Student Doubts

« Are GIS maintenance-free? — No, low-maintenance
e How often are checks done? — Daily to yearly
e Is shutdown required? — Mostly no

Mentorship Note — Career Insight

Learning routine checklists helps you:
e Think like a substation operator
o Prepare for site jobs and internships
o Perform better in practical exams and vivas
o Build a safety-first engineering mindset

Unit—4 | Topic-2
Lecture -1
HVDC Substations — Overview & Purpose for Long-Distance and

Renewable Integration

1018 Hook / Introduction (= 5 minutes)

Let me start with a thought-provoking question:

“If AC power works well everywhere, why are countries spending crores on HVDC
transmission?”

The answer lies in distance, losses, and renewable energy integration. As power plants move
farther away from cities—and renewable energy grows—traditional AC transmission faces
limitations. This is where HVYDC (High Voltage Direct Current) substations become extremely

important.
Today’s lecture introduces HVDC substations, focusing on why they are used and where they are
most effective.

2118 Core Concepts (= 40 minutes)

What is HVDC?

HVDC stands for High Voltage Direct Current transmission.
In this system:
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e AC power is converted to DC at the sending end
e Transmitted over long distances
o Converted back to AC at the receiving end

Why Not Use Only AC for Long Distances?

When AC power is transmitted over very long distances:
e Reactive power increases
e Line losses increase
o Stability problems occur
DC transmission:
e Has lower losses
e No reactive power
o Better control of power flow
" Fun Fact:

For distances above 600-800 km, HVDC becomes more economical than HVAC.

Purpose of HVDC Substations

HVDC substations are used to:

e Convert ACto DC and DCto AC

e Control power flow precisely

« Improve transmission efficiency
They are especially useful for:

e Long-distance bulk power transfer

e Interconnection of different grids

o Renewable energy integration

HVDC and Renewable Energy Integration

Renewable sources such as:
e Wind farms
o Large solar parks
o Offshore wind installations
are often located far from load centers. HVDC:
« Efficiently transfers large power over long distances
o Handles fluctuating renewable output
e Improves grid stability

Advantages of HVDC Substations

v’ Lower transmission losses

v Better voltage control

v Suitable for long submarine or underground cables
v Enables integration of weak renewable grids
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"1 Exam Tip:
“State advantages of HVDC transmission” is a high-probability exam question.

Limitations (Diploma-Level Awareness)

« High initial cost
o Complex equipment
e Requires skilled operation
But for long distances, benefits outweigh limitations.

3010 Real-World / Industry Applications (= 10 minutes)

HVDC substations are widely used in:
National power grids
Renewable energy corridors
Offshore wind projects
Inter-state and international power exchange
Examples include:
o Bulk power transfer from renewable zones
e Undersea cable transmission
« Grid interconnection between regions
These systems ensure reliable, efficient, and clean energy delivery.

4110 Summary & Q&A (= 5 minutes)
Key Takeaways

e HVDC is ideal for long-distance power transmission
e Reduces losses and improves control

Essential for renewable energy integration

Plays a major role in modern power systems

Common Student Doubts
e IsHVDC replacing AC completely? — No, both coexist

e IsSHVDC safer? — Yes, with proper protection
o Do HVDC substations need automation? — Absolutely

Mentorship Note — Career Insight

Understanding HVDC substations helps you:
o Prepare for future power system careers
e Work in renewable and transmission projects
o Build foundation for advanced grid technologies
o Stay relevant in a rapidly evolving energy sector
1 HVDC is not just technology—it is the highway of future power transmission.
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Unit-4 | Topic-2
Lecture - 2
HVDC Substation Components: Converters, Filters & DC Transformers

1018 Hook / Introduction (= 5 minutes)

Let me start with a practical question:
“If electricity is generated as AC and consumed as AC, why do we need complex equipment
inside an HVDC substation?”
The simple answer is: conversion and control.
HVDC substations are not ordinary substations—they are power conversion hubs. Inside them,
electricity changes its form, gets cleaned, and is controlled with high precision.
Today’s lecture explains the three most important components of an HVDC substation:
o Converters
o Filters
e DC Transformers

2118 Core Concepts (= 40 minutes)

Overview of HVDC Substation Components

An HVDC substation mainly consists of:
e AC side equipment
o DC side equipment
o Control and protection systems
We will focus on conversion and conditioning components.

Converters in HVDC Substations

A converter is the heart of an HVDC substation.
Function:
o Converts AC to DC (Rectifier mode)
e Converts DC to AC (Inverter mode)
Types (Diploma-Level):
e Line Commutated Converters (LCC)
e Voltage Source Converters (VSC)
1 Simple Analogy:
A converter works like a language translator between AC and DC.

Need for Filters in HYDC Substations

During conversion:
e Harmonics are generated
o Power quality gets affected
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Filters are used to:

e Remove harmonics

e Improve power quality

o Reduce interference with nearby systems
1 Types of Filters:

o AC filters
o DC filters
"1 Exam Tip:

“State the purpose of filters in HVDC substations” is a frequent question.

DC Transformers (Converter Transformers)

DC transformers, also called converter transformers, are used to:
e Step up or step down voltage
e Provide electrical isolation
o Match converter requirements
[ Important Note:
Actual transformation occurs on AC side, but they are part of HVDC system.
'] Fun Fact:
Converter transformers are specially designed to handle harmonics and DC bias.

Combined Working (Step-by-Step Flow)

AC power enters HVDC substation
Converter transformer adjusts voltage
Converter converts AC to DC

Filters remove harmonics

Clean DC power is transmitted

ok~ wbdE

Overheadline
—— =
HVDC - N HVDC

First transformer CONVerter Input power is Rectifier ¢ ansformer Second

Power equal to Power
: Converter Converter :

grid/ i Qutput power station grid/

network HAOn network

HVDC Substation Layout
Block diagram showing full power flow

3010 Real-World / Industry Applications (= 10 minutes)

In real HVDC projects:
o Converters control power flow between regions
« Filters protect AC networks from distortion
o Converter transformers ensure safe operation
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Used in:
o Long-distance bulk power transmission
e Renewable energy corridors
o Offshore wind power transmission
o Inter-state grid connections
These components make HVDC efficient, reliable, and grid-friendly.

4117 Summary & Q&A (= 5 minutes)
Key Takeaways

« Converters are the heart of HVDC substations

o Filters maintain power quality

e DC (converter) transformers ensure voltage matching and isolation
o All components work together for efficient transmission

Common Student Doubts

o Are converters static or rotating? — Static
e Why are filters large in size? — To handle harmonics
e |Is DC transformer used on DC side? — No, on AC side

Mentorship Note — Career Insight

Understanding HVDC components helps you:
e Work in transmission and renewable projects
« Read substation layouts confidently
o Prepare for advanced power system roles
o Stay future-ready in modern grids
1 HVDC engineers don’t just transmit power—they control the future of energy.

Unit—4 | Topic-2
Lecture - 3
HVDC Substation Ratings: DC Voltage (£500 kV) & Power Capacity

(MW)

1[1B Hook / Introduction (= 5 minutes)

Let me begin with a simple question:
“Why do we specify power systems in kV and MW, and not just say ‘big’ or ‘small’?”
In engineering, numbers matter. For HVDC substations, ratings decide:
e How far power can travel
e How much power can be transmitted
« How reliable and economical the system will be
Today’s lecture explains the two most important HVDC ratings:
o DC voltage level (kV)
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e Power capacity (MW)

2110 Core Concepts (~ 40 minutes)

What Are HVDC Ratings?

HVDC ratings define:
e The maximum voltage a system can safely operate at
e The maximum power it can transmit continuously
1 Exam Tip:
“State typical HVDC ratings” is a common short-answer question.

DC \oltage Rating in HVYDC Substations
HVDC systems operate at very high DC voltages, such as:

e *250 kV
e 500 kV
o +800 kV

Why Use + (Plus-Minus) Voltage?
Most HVDC systems use bipolar configuration:
e One conductor at +500 kV
e One conductor at 500 kV
Advantages:
e Reduced insulation requirement
« Balanced electric field
« Higher reliability
7] Fun Fact:
A £500 kV HVDC line has a total voltage difference of 1000 kV.

Factors Affecting DC Woltage Rating

« Distance of transmission
o Power level required
e Insulation design
« Environmental conditions
Higher voltage — Lower current — Lower losses
) Simple Analogy:
High voltage is like fast traffic on a highway—more power with less congestion.

Power Capacity Rating (MW)

Power capacity indicates:
e Maximum power transmitted
e Usually specified in MW
Typical HVDC power ratings:
« 500 MW
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« 1000 MW
e« 2000 MW and above

Relationship Between \Voltage, Current & Power

Power in HVDC system:
P=VxIP =V \times IP=Vx|
Where:
e P =Power (MW)
e V =DC Voltage (kV)
e | =DC Current (kA)
Increasing voltage allows:
e Lower current
« Reduced conductor losses
e Smaller conductor size
1 Exam Favourite:
“Explain relation between voltage and power in HVDC.”

Selection of HYDC Ratings

Ratings are selected based on:
« Distance between substations
e Type of load
e Renewable integration requirement
e Economic analysis

3018 Real-World / Industry Applications (= 10 minutes)

In real power systems:
e 500 kV HVDC links transmit bulk power between states
« High MW capacity enables renewable energy transfer
« Higher ratings reduce transmission cost per unit
Used in:
e Renewable energy corridors
e Inter-regional power transfer
« Offshore wind integration
« National grid strengthening
These ratings make HVDC efficient and future-proof.

4110 Summary & Q&A (= 5 minutes)
Key Takeaways

e HVDC ratings define voltage and power limits
e +500 kV is a commonly used DC voltage

o Higher voltage — lower losses

e MW rating decides transmission capacity
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Common Student Doubts

e Why not increase current instead of voltage? — Losses increase
e Is£500 kV dangerous? — Safe with proper insulation
« Can ratings be changed later? — Difficult and costly

Mentorship Note — Career Insight

Understanding HVDC ratings helps you:
« Read transmission project specifications
e Perform basic system analysis
o Prepare for power utility and renewable sector jobs
o Build foundation for advanced power engineering
1 Engineers who understand ratings design systems that last for decades.

Functions and Maintenance (Efficient power transmission, grid stability, Converter valve checks, filter
inspections)
[ Digital monitoring of converter performance.

Unit-4 | Topic-3
Lecture-1
Substation Automation Basics: SCADA Substations — Introduction,

Definition & Advantages

1[1R Hook / Introduction (= 5 minutes)

Let me begin with a simple question:
“Can a substation be operated safely from a control room hundreds of kilometers away?”
Earlier, engineers had to be physically present in substations to monitor meters, operate switches,
and handle faults. Today, thanks to SCADA-based automation, substations can be monitored and
controlled remotely, safely, and efficiently.
This lecture introduces:

e What SCADA substations are

e Why automation is needed

e The advantages of SCADA-based substations

218 Core Concepts (= 40 minutes)

Need for Substation Automation

Traditional substations face problems such as:
« Manual operation delays
o Higher chances of human error
o Safety risks during faults
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o Limited data availability
To overcome these issues, automation was introduced.

Aspect “ Manual Substation “ Automated (SCADA) Substation
t tel i CADA
Operation Operated manually by staff at site Operated remotely using S
system
Control Method Manual switches, push buttons, Computer-based control via
relays HMI

Minimal or no continuous

Human Presence Required continuously
presence

Speed of -

I Very f Il
Operation Slow (depends on operator) ery fast (milliseconds)
. Manual inspection and relay Automatic fault detection and
Fault Detection .
indication alarm

‘Fault Isolation H Time-consuming H Quick and accurate ‘

‘Reliability H Lower (human error possible) H High reliability ‘
Real-tim I rren

Data Monitoring Limited measurements eal-time voltage, current,
power, energy

Record Automatic data logging and
. Manual log books ! ! geing
Keeping reports

‘ Maintenance H Periodic, manual checking H Condition-based and predictive ‘

‘ Initial Cost H Low H High ‘

‘ Operating Cost H High (more manpower) H Low (less manpower) ‘

‘ Safety H Moderate H Very high ‘

| Flexibility | Limited | Highly flexible |

‘ Application H Small / rural substations H Large / urban / EHV substations ‘

Manual substation vs automated SCADA substation

Definition of SCADA

SCADA stands for:
Supervisory Control And Data Acquisition
A SCADA substation is an automated substation where:
« Data is continuously collected
« Equipment is monitored in real time
« Control actions can be performed remotely
71 Exam Definition:
SCADA is a system used for monitoring, controlling, and data acquisition in power systems.

Basic Functions of SCADA in Substations

SCADA performs four main functions:
1. Data Acquisition
o Voltage, current, breaker status
2. Supervision
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o Continuous monitoring of system health
3. Control

o Remote switching of circuit breakers
4. Alarm & Event Handling

o Fault alerts and event logging

SCADA Regional
control centre control centre
PLC RTU
| |
| | | i
Sensors Actuators Sensors Actuators

Block diagram: Sensors — RTU/IED — Communication — Control Center

Why SCADA Is Important in Modern Substations

SCADA enables:

Fast fault detection

Quick decision making

Remote operation

Improved reliability

7] Fun Fact:

Modern SCADA systems can respond to faults faster than a human operator.

Advantages of SCADA Substations

v Remote Monitoring & Control
v Reduced Human Error

v Improved Safety

v Faster Fault Clearance

v Better Data Logging & Analysis

v’ Reduced Operation & Maintenance Cost
_) Exam Tip:
“State advantages of SCADA substations” is a frequently asked long-answer question.

SCADA vs Conventional Substations (Quick Comparison)

‘ Feature HConventionalHSCADASubstation’
Operation [Manual |Automated |

Fault response ||Slow Fast
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‘ Feature HConventionaIHSCADASubstation|

Safety [Moderate | High

[Data availability||Limited |[Extensive

|

3010 Real-World / Industry Applications (= 10 minutes)

SCADA substations are widely used in:
e Urban power networks
e Metro rail power systems
o Industrial substations
e Renewable energy integration
In practice:
o Engineers monitor substations from centralized control rooms
o Faults are identified instantly
o Power is restored faster
This improves service reliability and customer satisfaction.

4110 Summary & Q&A (= 5 minutes)

Key Takeaways

o SCADA enables automated substation operation
e Provides real-time monitoring and control

o Enhances safety and reliability

o Essential for modern power systems

Common Student Doubts

e Is SCADA fully automatic? — Mostly supervised automation
e Does SCADA replace engineers? — No, it assists them
o Is SCADA expensive? — Cost-effective in long run

Mentorship Note — Career Insight

Learning SCADA basics helps you:
o Enter automation and power utility jobs
e Understand modern substations
o Build foundation for smart grid technologies
o Become a future-ready electrical engineer
71 Today’s substations are not just electrical—they are intelligent systems.
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Unit-4 | Topic-3
Lecture - 2
SCADA Architecture and Implementation: HMI, OWS & EWS

1[1R Hook / Introduction (= 5 minutes)

Let me start with a practical question:
“When a fault occurs in a substation at midnight, who identifies it first — the engineer on site or
the computer screen in the control room?”
In modern substations, the answer is the SCADA system. SCADA does not work alone; it depends
on a well-defined architecture and specialized workstations such as HMI, OWS, and EWS.
Today’s lecture explains:

o SCADA architecture

e How SCADA is implemented in substations

e The role of HMI, Operator Work Station (OWS), and Engineer Work Station (EWS)

2112 Core Concepts (= 40 minutes)

SCADA Architecture — Basic Structure

SCADA architecture in substations is usually divided into three levels:
1. Field Level — Sensors, CTs, PTs, breakers
2. Control Level — IEDs, RTUs, PLCs
3. Supervisory Level — HMI, OWS, EWS, servers

Architecture of SCADA System

- — ... AutomationForum.Co
entra |:I entra
Computer = Server

[ ==

Level -1V /’ \
Supervisory Computer ]
‘ Cloud Server Coordinating
Computer
Level - 11 “:] B — =
=

i = / \
O%P\ . ‘\ \ e

L2 - .

Field Devices Field Devices Field Devices
(Sensors/ Actuators) (Sensors/ Actuators) (Sensors/ Actuators)

| Se

@ m

Three-level block diagram showing field — control — supervisory levels
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Role of HMI (Human Machine Interface)

HMI is the visual interface between the operator and the substation.
Functions of HMI:

o Display real-time data (voltage, current, breaker status)

e Show alarms and fault indications

« Provide graphical substation layouts

Factory Building Total Active Power (P)
Factory Building s

— Feeder2 60 kW 103 kw 71 kW

Substation single line diagram displayed on a computer screen

"1 Exam Point:
HMI converts complex electrical data into simple visual form.

Operator Work Station (OWS)

OWS is the workstation used by substation operators.
Functions of OWS:
e Monitor substation parameters
e Operate breakers and switches remotely
e Acknowledge alarms
e View event logs
"1 Analogy:
OWS is like the driver’s seat of the substation.

Control room with operator sitting at workstation
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Engineer Work Station (EWS)
EWS is used by engineers and maintenance staff, not for daily operation.
Functions of EWS:

o Configure IEDs and SCADA system
o Modify protection settings
e System testing and diagnostics
« Data analysis and reporting
"1 Exam Tip:
OWS = Operation
EWS = Configuration & Engineering

Difference Between OWS and EWS (Exam-Friendly Table)

| Feature | OWS [ EWS |
[User |Operator [Engineer |

[Main Function|[Monitoring & control||Configuration & testing|

Usage |Daily operation [Maintenance & setup |

Implementation of SCADA in Substations

Steps involved:

1. Data collection from field devices
Communication through network
Processing at control level
Display and control via HMI/OWS
Configuration and analysis via EWS

ok~ own

3010 Real-World / Industry Applications (= 10 minutes)

In actual substations:

e Operators use OWS for daily control

« Engineers use EWS during commissioning

e HMI helps detect faults instantly

e SCADA enables remote substation management
Used in:

e Urban substations

e Metro rail systems

e Industrial power plants

e Renewable energy substations

4110 Summary & Q&A (= 5 minutes)

Key Takeaways
e SCADA architecture has three levels
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e HMI provides visual interaction

e OWS handles operation

e EWS handles engineering tasks

o Essential topic for theory and viva

Common Student Doubts

o Can OWS change relay settings? — No
e Is EWS used daily? — No, as required
e Is HMI part of OWS? — Yes, logically

Mentorship Note — Career Insight

Mastering SCADA architecture helps you:
« Work in automation-based substations
e Understand control room operations
e Prepare for utility, metro, and smart grid jobs
o Build skills in digital power systems
1 Modern substations need engineers who understand both electricity and information.

Unit-4 | Topic—4
Lecture -1
Modern Technologies in Substations: Digital Substation, Smart Grids &

Green Practices

1018 Hook / Introduction (= 5 minutes)

Let me begin with a forward-looking question:
“Will future substations look like yards full of equipment—or like control rooms full of
computers?”
The answer is clear: future substations are becoming digital, smart, and green. Power systems
today are not only about transmitting electricity, but also about data, communication,
sustainability, and security.
In this lecture, we will explore:

« The concept of Digital Substations

e Communication technologies like GOOSE and MMS

e Importance of Cyber Security

e Introduction to Smart Grids

e Green substation practices for sustainability

2118 Core Concepts (= 40 minutes)

Concept of Digital Substation

A digital substation replaces conventional copper wiring and analog signals with:
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o Digital communication
o Intelligent Electronic Devices (IEDs)
o Optical fiber networks
1 Visual to draw:
Conventional substation (wires) vs Digital substation (fiber + IEDs)
Key Benefits:
e Reduced wiring
o Faster communication
e Improved reliability
o Better monitoring and control
' Fun Fact:
Digital substations use data packets instead of copper cables to transmit information.

GOOSE Communication

GOOSE stands for:
Generic Object Oriented Substation Event
Purpose:
o Very fast communication between protection devices
e Used for tripping and interlocking
1 Simple Explanation:
GOOSE messages act like instant WhatsApp alerts between relays.
71 Exam Point:
GOQOSE is used for high-speed protection signals.

MMS Communication

MMS stands for:
Manufacturing Message Specification
Purpose:
o Data exchange between IEDs and SCADA
o Used for monitoring and control
1 Difference (Exam-Friendly):
e GOOSE — Fast events
e MMS — Normal monitoring & control
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SCADA 3 SCADA 2 SCADA 1

LAN Network RTU1
InstrumentationTools.com / \
=
SCADA 5 SCADA 4 =
LT
WAN Network
RTU2

IED — Network — SCADA using MMS

Cyber Security in Substations

As substations become digital, cyber security becomes critical.
Why Cyber Security is Needed:

« Protection against hacking

e Prevent unauthorized control

o Ensure system reliability
Basic measures include:

o User authentication

o Firewalls
e Access control
"1 Exam Tip:

Cyber security protects both data and power system operation.

Introduction to Smart Grids

A Smart Grid is an electrical grid that uses:
« Digital communication
o Automation
e Smart monitoring
Features:
e Two-way power flow
e Integration of renewable energy
o Self-healing capability
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Energy
Storage
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Unidirectional Bidirectional Bidirectional Data
Power Flow Power Flow Information

Smart grid with power + data flow arrows

Green Substation Practices

Green substations focus on environment-friendly operation.
Examples:

o Use of energy-efficient equipment

e Reduced land requirement (GIS)

e SF¢ gas monitoring and alternatives

e Solar-powered auxiliary systems

e Noise and pollution reduction
7] Fun Fact:

Modern GIS substations can operate with minimum land and low environmental impact.

301 Real-World / Industry Applications (= 10 minutes)

In real power systems:

« Digital substations are used in urban areas

e GOOSE enables ultra-fast protection

e Smart grids support renewable integration

e Green practices help utilities meet sustainability goals
These technologies are widely used in:

e Metro rail substations

e Renewable energy parks

e Smart city power systems

« Modern transmission networks
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401 Summary & Q&A (= 5 minutes)

Key Takeaways

o Digital substations use communication instead of copper wiring
e GOOSE and MMS are key digital protocols

o Cyber security is essential for modern grids

e Smart grids enable intelligent power management

o Green substations support sustainability

Common Student Doubts

o Aredigital substations fully computerized? — Mostly yes
« Is cyber security really needed in substations? — Absolutely
e Are green substations costly? — Cost-effective long-term

Mentorship Note — Career Insight

Mastering modern substation technologies helps you:
« Enter smart grid and automation careers
e Work on digital and green power projects
« Stay relevant in the evolving energy sector
« Transition from traditional roles to future-ready engineering
1 The future electrical engineer is not just a power expert—but a digital and sustainable systems

thinker.
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STUDENT Al TOOLKIT - UNIT 4

Specialized Substations and Automation Basics

2 A.

Low-Level Prompts (Remember & Understand)

(10 Prompts — For basics, definitions, and quick understanding)

1.

10.

2 B.

“Explain the basic purpose of specialized substations in simple Diploma-level language
with examples.”

“Define Gas Insulated Substation (GIS) and Hybrid GIS (HGIS) in short points suitable
for 2-3 mark answers.”

“What is an HVDC substation? Explain why DC is preferred for long-distance power
transmission.”

“List the main components of a GIS substation and write one function of each.”
“Explain the meaning of substation automation and why it is needed in modern power
systems.”

“What is SCADA? Write its full form and basic definition as asked in diploma exams.”
“Explain the terms HMI, OWS, and EWS in simple words with one real-life analogy
each.”

“What is meant by a digital substation? Explain in short and easy language.”

“Define smart grid and list any four features relevant to substations.”

“What are green substation practices? Explain their importance in today’s power
sector.”

Moderate-Level Prompts (Apply & Analyze)

(10 Prompts — For application, comparison, and understanding ‘why’)

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

. “Compare conventional air-insulated substations with GIS substations based on space,
safety, and maintenance.”

“Explain how HVDC substations help in integrating renewable energy sources like wind
or solar.”

“Describe the working role of SCADA in monitoring and controlling a substation
during a fault condition.”

“Explain how HMI helps an operator during normal operation and emergency
situations in a substation.”

“Analyze why cybersecurity is important in automated and digital substations.”
“Explain the advantages of substation automation over manual substation operation.”
“How do digital communication systems improve reliability and speed of protection in
substations?”

“Explain the role of monitoring and data collection in improving maintenance practices
of modern substations.”

“Why are green substation practices important for sustainability and environmental
protection?”

“Write an exam-oriented answer explaining the functions of HVYDC substations with
suitable examples.”
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C. High-Level Prompts (Design & Create)

(5 Prompts — For distinction-level answers, design thinking, and system understanding)

21.

22.

23.

24,

25.

“Design a simple block diagram of an automated substation and explain the function of
each block in detail.”

“Create a step-by-step workflow showing how a fault is detected, reported, and
controlled using SCADA in a substation.”

“Prepare a comparison table between HVAC and HVDC substations focusing on
efficiency, cost, and applications.”

“Develop a basic checklist for operating and maintaining a modern automated
substation.”

“Explain how future substations will evolve using automation, digital communication,
and sustainable practices.”

How Students Should Use This Toolkit (Coach’s Tip)

1 Use Low-level prompts for quick revision before exams

1 Use Moderate-level prompts for 5-8 mark answers

1 Use High-level prompts for distinction, viva, and interviews

1 Convert Al responses into short notes, diagrams, and flowcharts

Mentorship Note

Students who learn to ask the right questions using Al tools develop faster conceptual clarity, better
exam writing skills, and stronger confidence for industry roles in power utilities, substations, and
smart grid technologies.

UNIT—4: MASTERY CHECK

Specialized Substations and Automation Basics

10177 Key Definitions / Glossary

(Top 15 Exam-Focused Technical Terms)

1.

Gas Insulated Substation (GIS):

A substation where SF¢ gas is used as the insulating medium instead of air.

Hybrid GIS (HGIS):

A substation combining both gas-insulated and air-insulated equipment.

HVDC Substation:

A substation that converts AC to DC or DC to AC for long-distance power transmission.
Converter Station:

A major component of HVYDC substations used for AC-DC conversion.

Substation Automation:

The use of digital systems to monitor, control, and protect substations automatically.
SCADA:

A system used for supervisory control and data acquisition in power systems.
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10.

11.

12.

13.

14.

15.

HMI (Human Machine Interface):

A graphical interface that allows operators to view and control substation data.
OWS (Operator Work Station):

A workstation used by operators for real-time monitoring and control.

EWS (Engineer Work Station):

A workstation used for system configuration, testing, and maintenance.
Digital Substation:

A substation that uses digital communication and IEDs instead of conventional wiring.

GOOSE Communication:

A high-speed communication method used for protection and control signals.
MMS Communication:

A communication protocol used for monitoring and control data exchange.
Cyber Security:

Protection of digital systems from unauthorized access and cyber threats.

Smart Grid:

An intelligent electrical grid using automation and digital communication.

Green Substation:

An environment-friendly substation designed to reduce energy loss and pollution.

20011 FAQ & Assessment Section

A. Multiple Choice Questions (MCQs)

(20 Questions — Diploma Exam Pattern)

1.

GIS substations mainly use as an insulating medium.
A) Air

B) Qil

C) SF¢ gas

D) Water

The main advantage of GIS substations is:

A) Low cost

B) Large area requirement

C) Compact size

D) Manual operation

HVDC transmission is preferred for:

A) Short distances

B) Low voltage networks

C) Long-distance bulk power transmission
D) Domestic wiring

The main function of a converter station is to:
A) Step up voltage

B) Convert AC to DC

C) Store energy

D) Protect lines
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10.

11.

12.

13.

SCADA stands for:

A) System Control and Data Access

B) Supervisory Control and Data Acquisition
C) Smart Control and Data Analysis

D) Substation Control and Data Automation
HMI is mainly used for:

A) Protection setting

B) Visual monitoring and control

C) Power generation

D) Line insulation

Which workstation is mainly used by operators?
A) EWS

B) RTU

C) OWS

D) PLC

EWS is mainly used for:

A) Daily operation

B) Alarm acknowledgement

C) Configuration and testing

D) Power generation

Digital substations mainly use for communication.

A) Copper wires

B) Fiber optics

C) Wooden poles

D) Aluminum conductors
GOOSE communication is mainly used for:
A) Billing

B) Protection signals

C) Meter reading

D) Power generation

MMS communication is used for:
A) High-speed tripping

B) Monitoring and control

C) Mechanical operation

D) Insulation testing

Cyber security is required in substations to:
A) Reduce power loss

B) Prevent unauthorized access
C) Increase voltage

D) Reduce size

Smart grids allow:

A) One-way power flow

B) Two-way communication
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C) Manual control
D) No monitoring
14. Green substations aim to:
A) Increase pollution
B) Reduce environmental impact
C) Increase fuel consumption
D) Increase noise
15. HGIS is a combination of:
A) Two GIS systems
B) GIS and AIS
C) Two AIS systems
D) HVDC and HVAC
16. Automation mainly improves:
A) Manual work
B) Safety and reliability
C) Fuel consumption
D) Noise level
17. SCADA systems mainly help in:
A) Cooking
B) Monitoring and control
C) Painting equipment
D) Welding
18. Which is NOT an advantage of automation?
A) Faster fault response
B) Reduced human error
C) Increased manual effort
D) Better data logging
19. Smart grids are useful for:
A) Renewable integration
B) Manual billing
C) DC motors only
D) Mechanical systems
20. Green substations focus on:
A) Higher land usage
B) Energy efficiency
C) More pollution
D) Manual operation

1 MCQ Answer Key

1-C, 2-C, 3-C, 4-B, 5-B,

6-B, 7-C, 8-C, 9-B, 10-B,
11-B, 12-B, 13-B, 14-B, 15-B,
16-B, 17-B, 18-C, 19-A, 20-B
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B. Short Answer / Viva Questions

(10 Questions — Frequently Asked)
1. What is a Gas Insulated Substation? State its main advantage.
2. Why is HVDC transmission preferred for long distances?
Define substation automation.
What is SCADA and why is it used in substations?
Differentiate between OWS and EWS.
What is a digital substation?
Explain the importance of cyber security in substations.
What is a smart grid? Mention two features.
List any four advantages of automated substations.
10 What are green substation practices?

© o N AW

] Examiner’s Mentorship Note

Students who clearly understand definitions, can explain advantages, and draw simple block
diagrams score maximum marks in Diploma exams.
Mastering this Mastery Check ensures:

e ¥/ Strong viva performance

e ¢ Confidence in theory exams

« ¢ Readiness for modern substation & automation careers

DIGITAL RESOURCE LIBRARY —UNIT 4
Specialized Substations and Automation Basics

1100 Al Tools & Digital Learning Tools
1 1. Al Study Assistant (e.g., ChatGPT / Gemini)

Purpose / Use-case:

Concept explanation, summaries, exam-oriented answers, viva practice.

How it helps this unit:
o Explains GIS, HGIS, HVDC, SCADA, Smart Grid concepts in simple language
o Generates comparison tables, advantages/disadvantages, and short notes
e Creates MCQs, 2-5 mark answers, and viva Q&A for quick revision

[ 2. Virtual Power System Labs (Government / Academic)

Purpose / Use-case:

Simulation and visualization of substations and grid operations.

How it helps this unit:
« Visualizes GIS layouts, HVDC converter concepts, and automation flow
o Demonstrates monitoring, control, and fault-handling logic
o Bridges theory with practical understanding for slow/average learners
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1 3. Single Line Diagram (SLD) Visualizers / Drawing Tools

Purpose / Use-case:

Understanding and practicing substation layouts and system flow.

How it helps this unit:

e Helps read and draw SLDs for GIS, HVDC, and automated substations
o Improves diagram-based exam answers and viva confidence

1 4. SCADA Concept Demos / Simulators

Purpose / Use-case:

Introductory exposure to monitoring and control interfaces.

How it helps this unit:

o Visualizes HMI screens, alarms, trends, and control actions
e Reinforces roles of HMI, OWS, and EWS without deep programming

1 5. Digital Flashcards / Quiz Apps

Purpose / Use-case:

Quick revision of definitions and key terms.

How it helps this unit:

e Reinforces glossary (GIS, HVDC, SCADA, GOOSE, MMS, Smart Grid)
e Supports spaced repetition before tests and exams

211 Video Learning Repository

Note: Use the Search Keywords exactly as written to reliably find the content.
All recommendations are free or audit-friendly, Diploma-level, and exam-oriented.

Topic Name

Recommended Channel / Course /
Lecturer Name

Search Keywords

Gas Insulated Substation

NPTEL (Power Systems / Substations)

“NPTEL Gas Insulated Substation

(GIS) — Basics basics diploma”

Hybrid GIS (HGIS) - YouTube (Academic Engineering “Hybrid GIS substation explanation
Overview Channels) diploma”

HVDC Substations — “NPTEL HVDC substation

Introduction

NPTEL (HVDC Transmission)

introduction”

HVDC Components &
Ratings

YouTube (Power System Lectures)

“HVDC substation components
ratings diploma”

Substation Automation —

“Substation automation basics

Overview SWAYAM / NPTEL SCADA diploma”
. . “SCADA architecture substation
SCADA Architecture NPTEL (SCADA & Automation) HMI OWS EWS”
. YouT | ial A i “HMI E ADA
HMI, OWS, EWS Explained ouTube (Industrial Automation QWS WS SC
Channels) substation”

Digital Substation —- GOOSE

NPTEL (Digital Substation)

“Digital substation GOOSE MMS

Al Generated content for SUBSTATION ENGINEERING

165




Recommended Channel / Course /

Topic Name
P Lecturer Name

Search Keywords

& MMS H “introduction”

“Smart grid basics diploma

Smart Grid — Introduction NPTEL (Smart Grid) clectrical”

“Green substation practices

Green Substation Practices Government / Academic Channels . .
sustainable power

] Learning Coach Tips

Before class: Watch 1 short video + skim glossary

After class: Ask Al for a 10-bullet summary and a simple diagram description
Before exams: Redraw SLDs from memory; practice MCQs via Al

For viva: Ask Al to explain “why/how” in 3—4 lines

1 Smart use of digital resources converts complex substation topics into clear, exam-ready
knowledge.

EXTERNAL EXPOSURE MODULE - UNIT 4
Specialized Substations and Automation Basics

10 Beyond the Syllabus — Emerging Technologies

1 A. Digital Substations with Process Bus & Intelligent Devices

What it is:
An advanced form of substation where measurements and control signals are exchanged digitally
using optical fiber and intelligent devices.
How it extends fundamentals:
« Builds on SCADA, protection, and automation concepts
« Replaces copper wiring with digital communication
« Improves speed, accuracy, and reliability
Why students should care:
o Digital substations are increasingly adopted in urban grids and renewables
o Knowledge opens pathways to careers in automation, protection, and smart grids

"1 B. Smart Grid & Grid Automation Platforms

What it is:
An intelligent power network that uses automation, communication, and data analytics for efficient
power management.
How it extends fundamentals:
e Applies substation automation, monitoring, and control
o Enables two-way power and data flow
« Integrates renewable energy sources
Why students should care:
e Smart grids define the future of power utilities
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o Creates opportunities in energy management, grid operations, and sustainability roles

20111 MOOC & Online Course Recommendations

1 1. “Power System Protection and Substation Automation”

Platform: NPTEL

How it complements this unit:
« Strengthens understanding of substations, protection, and automation
o Connects theory with modern automated practices

1 2. “Smart Grid Technologies”

Platform: SWAYAM / NPTEL

How it complements this unit:
e Introduces smart grid concepts linked to automated substations
e Helps students understand future grid requirements

1 3. “Introduction to Industrial Automation”

Platform: Coursera (Audit Mode)
How it complements this unit:
o Builds basic automation and control logic
o Useful for understanding SCADA and digital systems conceptually

30100 Industrial Exposure / Field Visit Suggestions (Regional Focus)

Institutes may select nearby facilities based on availability.
1 A. Electrical Transmission Substations (State Utilities)

Type: Power transmission and distribution
What students can observe:
e GIS/HGIS substations
e Control rooms and SCADA operation
o Safety and maintenance practices

1 B. Metro Rail / Urban Transport Power Systems

Type: Traction substations and automation
What students can observe:

e Automated substations

e Remote monitoring and fault handling

o Compact GIS installations in urban areas

1 C. Automation & Control System Integrators

Type: Industrial automation and SCADA solutions
What students can observe:
« SCADA architecture
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e HMI, OWS, EWS usage
e System integration and testing processes

4111 Conferences, Seminars & Technical Events
1 A. IEEE Power & Energy Society (PES) Conferences

Theme: Power systems, substations, smart grids
Why beneficial:

o Exposure to latest industry trends

« Interaction with professionals and researchers

1 B. National Power Engineering Conferences (India)

Theme: Transmission, substations, automation

Why beneficial:
« Understanding real challenges faced by utilities
« Motivation for higher studies and certifications

[ C. Smart Grid & Renewable Energy Seminars

Theme: Smart grids, digital substations, sustainability
Why beneficial:
o Awareness of green and future-ready technologies
o Career inspiration in clean energy sectors

] Mentorship Note — Career & Lifelong Learning

1 Classroom knowledge gives you foundations; external exposure gives you direction.

By engaging with:
o Emerging technologies
e Online courses
o Field visits
o Professional events
students develop:
e Industry awareness
e Career clarity
e Confidence for modern power-sector roles
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UNIT-4

PREDICTED QUESTION BANK
Specialized Substations and Automation Basics

10 Most Repeated / High-Probability Questions

(Very likely to appear in theory exams)
1 A. Core Definition Questions (2—3 marks)

1.

Define Gas Insulated Substation (GIS).

2. What is meant by Hybrid GIS (HGIS)?

©ooNo kW

10

Define HVDC substation.

What is substation automation?

Define SCADA and write its full form.

What is HMI in a SCADA system?

Define Digital Substation.

What is a Smart Grid?

What is meant by Green Substation?

Define cyber security in automated substations.

[ B. Explanatory / Short Descriptive Questions (4—6 marks)

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

Explain the advantages of GIS substations.

Explain the need for HVYDC substations.

Describe the basic components of a GIS substation.

Explain the functions of HVDC substations.

Explain the advantages of substation automation.

Describe the role of SCADA in substations.

Explain the functions of Operator Work Station (OWS).
Explain the functions of Engineer Work Station (EWS).
Explain the importance of cyber security in digital substations.
Explain green substation practices.

1 C. Long Answer / Diagram-Based Questions (8—10 marks)

21.
22.
23.
24,
25.
26.
27.

Explain GIS substations with neat diagram and advantages.
Explain HVDC substation with block diagram and applications.
Explain SCADA architecture in substations with block diagram.
Explain HMI, OWS and EWS with their functions and differences.
Explain the concept of digital substation and its benefits.

Explain Smart Grid and its features related to substations.

Explain the comparison between conventional substation and automated substation.

) Diagram-based questions are highly scoring and frequently repeated.

20101 Application & Logical Thinking Questions

(5 Questions — Distinction-level, system understanding)
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1. Why are GIS substations preferred in urban and space-constrained areas?
Explain with technical justification.

2. Explain how HVDC substations help in long-distance power transmission and
renewable energy integration.

3. How does SCADA improve safety and reliability in substations compared to manual
operation?

4. A modern substation is fully automated and digitally monitored.
Explain what systems and technologies are involved and how they work together.

5. Explain how green substation practices support sustainability and future power system
requirements.

1 Examiner’s Insight — How to Score Maximum Marks

o ¢ Write definitions exactly as per textbook language

« ¢ Draw neat block diagrams (GIS, HVDC, SCADA)

e ¢ Use headings and bullet points

e ¢ Mention advantages and applications clearly

e ¢ Link automation to safety, reliability, and future grids
1 Students who combine clear definitions + diagrams + advantages consistently score distinction
marks in this unit.
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