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Abstract

This paper presents a comprehensive short-circuit analysis of a 33/11 kV distribution substation, an essential
component of modern electrical power distribution networks. The study investigates various fault conditions that
may occur within the system and evaluates the corresponding fault currents at key locations, including the 33 kV
busbar, power transformer, and 11 kV busbar. Both symmetrical faults (three-phase faults) and unsymmetrical
faults such as line-to-ground (L-G), line-to-line (L-L), and double line-to-ground (L-L-G) are examined. The
symmetrical components technique is employed to simplify the analysis of unbalanced fault conditions and to
obtain accurate current estimations. Fault current calculations are carried out using standard analytical methods
and commonly accepted assumptions to determine the magnitude and severity of faults. The analysis indicates
that the highest fault current occurs at the 11 kV busbar, making it a critical point for the selection and
coordination of protective equipment such as circuit breakers and protective relays. The findings emphasize the
importance of reliable protection schemes to ensure secure and continuous operation of distribution substations.
Furthermore, the study highlights how accurate fault analysis contributes to improved system stability and
reduces the risk of equipment damage under abnormal operating conditions. Proper coordination of protective
devices is also discussed to enable effective fault isolation and minimize outage duration. The integration of
modern monitoring technologies, including SCADA-based systems, is considered to enhance real-time
supervision, control, and rapid response to fault events, thereby improving overall operational efficiency.Future
enhancements of this work may include detailed simulation using power system analysis software and
implementation of advanced SCADA-based monitoring for real-time fault detection and system performance
evaluation. Overall, the study provides a strong technical foundation for understanding fault analysis and
protection strategies in contemporary power distribution networks.

Keywords— Short-Circuit Analysis, Power Distribution System, Symmetrical Components, Fault Analysis,

Protective Relays, SCADA Systems.

Introduction unintended contact between conductors. These

Electrical power systems are developed to generate,
transmit, and distribute electrical energy to end users
with high reliability and efficiency. Among the
various components of the power network,
distribution substations play a crucial role in
delivering power from transmission levels to
consumer load centers. Typically, electrical power is
received at higher voltages such as 33 kV and then
stepped down to 11 kV using power transformers
before being supplied to residential, commercial,
and industrial consumers through distribution
feeders.

During normal system operation, different types of
faults may arise due to insulation breakdown,
lightning disturbances, equipment failure, or

abnormal conditions often lead to short circuits,
causing excessive current to flow through the
network. Such high magnitude currents can severely
damage transformers, busbars, cables, -circuit
breakers, and other substation equipment if adequate
protective measures are not implemented.
Therefore, proper analysis and planning are essential
to ensure safe system operation.Short circuit
analysis is an important technique used to determine
the magnitude of fault currents at various locations
within the electrical system. It provides valuable
information for designing protection schemes and
selecting suitable ratings for protective devices such
as relays and circuit breakers. In a 33/11 kV
distribution substation, short circuit studies help
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engineers evaluate system performance during
abnormal conditions and ensure that all equipment
is capable of withstanding maximum fault levels.
Additionally, it assists in coordinating protective
devices to isolate faulty sections quickly while
maintaining overall system stability.Power system
faults are broadly categorized as symmetrical and
unsymmetrical ~ faults.  Symmetrical  faults,
commonly known as three-phase faults, affect all
phases equally and usually result in the highest fault
current levels. Unsymmetrical faults include single
line-to-ground (L-G), line-to-line (L-L), and double
line-to-ground (L-L-G) faults. Among these, single
line-to-ground faults occur most frequently in
practical distribution systems. Hence, performing a
detailed short circuit analysis of a 33/11 kV
distribution substation is essential to improve
reliability, protect equipment, and ensure
uninterrupted power supply to consumers.

Aim of the Project

The primary aim of this project is to perform short
circuit analysis of a 33/11 kV distribution substation
and evaluate fault current levels in order to design
effective protection schemes and ensure safe and
reliable operation of the substation.

Objectives

The main objectives of this project are as follows:
To examine the configuration and major
components of a 33/11 kV distribution substation.
To study various types of faults occurring in
electrical power systems.

To conduct short circuit analysis under different
fault conditions.

To calculate fault currents using symmetrical
component theory.

To determine suitable ratings for protective devices
such as circuit breakers and relays.

To evaluate the effect of fault conditions on
substation equipment and system performance.

Literature Survey

Short circuit analysis is a fundamental aspect of
power system protection, playing a critical role in
maintaining reliability and preventing equipment
damage. Faults such as short circuits can generate
extremely high currents that may disrupt service and
damage transformers, circuit breakers, cables, and
other substation components. To mitigate such risks,
engineers perform fault studies to estimate current
levels under various fault conditions and design
effective protection schemes.Extensive research has
been conducted on fault analysis techniques,
particularly in distribution substations like 33/11 kV
systems. These studies focus on methods to
calculate fault currents, enhance protection schemes,
and ensure stability and safe operation of electrical
networks.
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C.L. Fortescue (1918) introduced the symmetrical
component theory, which has become a
cornerstone in the analysis of unsymmetrical faults
in three-phase power systems. This method
decomposes unbalanced systems into three balanced
sets—positive, negative, and zero sequence
components—simplifying fault current calculations
significantly. William D. Stevenson (1982), in
Elements of Power System Analysis, emphasized
fault current computation for the proper rating of
protective devices and safe substation operation.
Similarly, Hadi Saadat (1999), in Power System
Analysis, elaborated techniques for calculating
various fault types, including single line-to-ground
(L-G), line-to-line (L-L), double line-to-ground (L-
L-G), and three-phase faults, using sequence
networks and impedance diagrams.Grainger and
Stevenson (2003) studied system behavior under
fault conditions, highlighting the critical impact of
fault currents on equipment performance and system
stability. Their work underscored the need for
accurate fault analysis to protect transformers,
generators, and transmission lines effectively.More
recent research emphasizes the role of simulation
tools such as MATLAB, ETAP, and PowerWorld in
performing short circuit studies. These tools enable
precise modeling of power networks and allow
engineers to evaluate fault conditions more
accurately. Simulation-based approaches have
proven to enhance protection system design and
ensure  reliable  operation of  distribution
substations.Overall, existing literature confirms the
significance of short circuit analysis for maintaining
safety, efficiency, and reliability in power systems,
particularly for 33/11 kV distribution substations.

Problem Statement

Faults in power systems—including single line-to-
ground (L-G), line-to-line (L-L), double line-to-
ground (L-L-G), and three-phase faults—can arise
from insulation failure, lightning, equipment
malfunction, or human error. These faults produce
extremely high currents, which may damage
substation components if protective devices are not
properly designed.

A major challenge in substation protection is the
accurate  estimation of fault currents.
Miscalculating fault levels may result in
inappropriate selection of protective devices,
potentially leading to equipment damage, system
instability, and prolonged outages.

Hence, it is essential to conduct a detailed short
circuit analysis of the 33/11 kV distribution
substation to determine fault current magnitudes and
ensure the correct design and coordination of
protection schemes.

Overview of 33/11 kV Distribution Substation

A distribution substation serves as a critical interface
between the high-voltage transmission network and
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the lower-voltage distribution network. Its primary
function is to receive electrical power at high
voltage levels and convert it to a level suitable for
end-user consumption. In a 33/11 kV distribution
substation, power is received at 33 kV and stepped
down to 11 kV using power transformers for
distribution to industrial, commercial, and
residential consumers.

Main Components of a 33/11 kV Distribution Substation

Power Transformer
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In addition to voltage transformation, distribution
substations are responsible for controlling,
protecting, and monitoring the flow of electrical
power. Key equipment includes transformers, circuit
breakers, busbars, isolators, current and potential
transformers, protective relays, capacitor banks, and
other devices designed to maintain system reliability
and operational safety.

Fig 1: Power Transformer

The power transformer is the most essential
component in a substation, reducing voltage from 33
kV to 11 kV. Operating on the principle of
electromagnetic induction, transformers consist of
primary and secondary windings and are designed
for high-power operation while maintaining voltage
stability.

Core:

Constructed from laminated silicon steel sheets to
provide a low-reluctance path for magnetic flux.
Supports windings mechanically and reduces energy
losses.

Windings:

Made of copper or aluminum conductors.
Conservator Tank:

()

Primary winding connects to 33 kV input; secondary
winding supplies 11 kV output.

Facilitates energy transfer and maintains voltage
transformation.

Insulation:

Paper, oil, or pressboard insulation prevents short
circuits and withstands high voltage stresses.
Transformer Oil:

Provides insulation, cooling, and arc suppression.
Cooling System (Radiators):

Dissipates heat generated during operation.

Types: ONAN (Oil Natural Air Natural), ONAF
(Oil Natural Air Forced).

Fig 2 : Conservator tank
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Breather:
HSFIcACY =
Fig 3: breather
Contains silica gel to prevent moisture ingress and Tap Changer:
maintain oil quality. e Adjusts output voltage; can be off-load or on-load
Bushings: (OLTC).

Insulated terminals enabling safe connection of
external circuits.
Buchholz Relay:

Buchholz Relay

electricaltopic. com

Fig 4:Buchholz Relay
Gas-operated relay detecting internal faults in the =~ e  Monitors oil and winding temperatures; triggers
transformer. alarms when limits are exceeded.
Temperature Indicator:
Circuit Breakers

Fig 5: Vacuum Circuit Breaker(VCB)
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Circuit breakers protect substations by interrupting
current flow during faults such as short circuits or
overloads. Common types include:

Oil Circuit Breaker (OCB)

Vacuum Circuit Breaker (VCB)

SFs Circuit Breaker

They safely isolate faulty sections and prevent
equipment damage.

Busbars

Busbars are metallic conductors used to collect and
distribute electrical power within the substation.
Typically made of copper or aluminum, they allow
flexibility in switching and fault isolation while
safely carrying high currents.

Isolators

Isolators are mechanical switches used to disconnect
parts of the circuit for maintenance. They are
operated only when the system is de-energized,
ensuring personnel safety.

Current Transformers (CTs)

CTs measure high currents in power systems by
stepping them down to safe levels for instruments
and relays, enabling monitoring and protection.
Potential Transformers (PTs)

PTs step down high voltages for metering and relay
protection, allowing safe voltage monitoring in
substations.

Protective Relays

Protective relays detect abnormal conditions such as
short circuits, overloads, or voltage fluctuations and
signal circuit breakers to isolate faulty sections.
Lightning Arresters

These devices protect substation equipment from
overvoltages caused by lightning or switching
surges by safely diverting excess voltage to the
ground.

Capacitor Banks

Capacitor banks improve the power factor, reduce
reactive power losses, and enhance voltage stability
in the distribution network.

Single Line Diagram of 33/11 kV Substation

A Single Line Diagram (SLD) represents a three-
phase power system using a single line to illustrate
the interconnection of substation components. The
SLD of the Chilkalguda 33/11 kV substation shows
the arrangement of incoming feeders, busbars,
transformers, capacitor banks, and outgoing feeders.
Incoming 33 kV feeders connect the substation to
nearby substations such as Regimental Bazaar,
Mettuguda, and Moula Ali.

The 33 kV busbar collects power from all feeders
and supplies the two transformers (T1 — 12.5 MVA,
T2 — 10 MVA), which step down the voltage to 11
kV.

Outgoing 11 kV feeders distribute power to areas
like Padma Rao Nagar, Musheerabad, Gandhi
Hospital, and local distribution transformers.
Capacitor banks of 2 MVAR at the 11 kV busbar
enhance power factor and system efficiency.
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Station transformers provide auxiliary power for
substation control systems, lighting, and battery
charging.

The SLD provides a clear visualization of the power
flow from transmission to distribution, essential for
fault analysis and protective coordination.

This provided a detailed overview of the 33/11 kV
distribution  substation, including its layout,
structure, and key components. Equipment such as
power transformers, circuit breakers, busbars,
isolators, CTs, PTs, capacitor banks, and protective
relays were discussed, highlighting their roles in
maintaining safe and reliable operation. The Single
Line Diagram of the Chilkalguda substation
illustrates the interconnection of these components,
serving as a foundation for subsequent short circuit
analysis discussed in the next chapter.

Short Circuit Analysis in 33/11 kV Distribution
Substations

Short circuit analysis is a critical component of
power system studies, primarily aimed at evaluating
the magnitude of fault currents under abnormal
conditions. A short circuit occurs when a low-
resistance path develops between conductors or
between a conductor and the ground, causing a
sudden surge in current and a voltage drop. In a
33/11 kV distribution substation, such faults can
arise due to insulation failure, lightning strikes,
equipment malfunction, human error, or accidental
contact between conductors. These faults can
generate extremely high currents, posing serious
risks to transformers, circuit breakers, and other
substation equipment. Conducting short circuit
analysis is therefore essential to ensure the safe and
reliable operation of the power system.

The primary objectives of short circuit studies
include determining the maximum fault currents that
can occur at various points in the network, such as
busbars, transformer terminals, and feeders. This
information is crucial for selecting appropriately
rated protective devices, including circuit breakers,
fuses, and relays, which must safely interrupt fault
currents without sustaining damage. Faults in power
systems are broadly classified into symmetrical and
unsymmetrical types. Symmetrical faults, also
known as three-phase faults (L-L-L or L-L-L-G),
involve all three phases equally and produce the
maximum possible fault currents, although they
occur relatively rarely. These faults are particularly
important for designing circuit breaker ratings and
assessing the maximum stress on system
components.Unsymmetrical faults, by contrast,
affect one or two phases of the system and are more
common in practical power networks. They are
categorized into single line-to-ground (L-G), line-
to-line (L-L), and double line-to-ground (L-L-G)
faults. Among these, L-G faults occur most
frequently, accounting for approximately 70-80%
of all faults, and result in unbalanced current flow.
L-L faults involve two phase conductors without
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ground involvement and typically produce moderate
fault currents, whereas L-L-G faults, which involve
two phases and the ground simultaneously, generate
higher currents than L-L faults but less than a three-
phase fault. The characteristics and severity of these
faults dictate the design and coordination of
protective schemes, with L-G faults considered
moderate, L-L faults moderate, L-L-G faults high,
and three-phase faults very high in severity.To
analyze faults accurately, engineers commonly
employ methods such as the symmetrical
components technique and impedance diagrams.
The symmetrical components method, introduced
by C.L. Fortescue, decomposes an unbalanced three-
phase system into positive, negative, and zero
sequence components, simplifying the analysis of
unsymmetrical faults. Each sequence network
represents distinct operating conditions, with the
positive sequence reflecting normal operation, the
negative sequence capturing unbalanced conditions,
and the zero sequence representing ground-related
currents. Impedance diagrams, meanwhile, provide
a simplified representation of the system, with
generators modeled using internal impedance,
transformers using leakage reactance, transmission
lines as series impedance, and loads typically
neglected for fault calculations.

Fault currents are calculated using the fundamental
relation If=V/Z1 f= V/ZIf=V/Z, where VVV is the
system voltage and ZZZ is the total impedance. The
per-unit system is often employed to normalize
impedance values, enhancing the clarity of
calculations, and the short circuit MVA can be
determined as SC MVA=V2/ZSC\ MVA =
V7~2/ZSC MVA=V2/Z, which is essential for
equipment rating selection. In the context of a 33/11
kV substation, short circuit analysis is carried out at
critical points, including the 33 kV busbar,
transformer terminals, 11 kV busbar, and outgoing
feeders, ensuring that protection systems are
adequately designed and coordinated.

In summary, short circuit analysis serves multiple
purposes: it protects equipment from damage,
ensures proper relay operation, enhances system
reliability, and prevents large-scale failures.
Understanding the types, causes, and characteristics
of both symmetrical and unsymmetrical faults, along
with employing analytical methods such as
symmetrical components and impedance diagrams,
is vital for effective protection design in a 33/11 kV
distribution substation. This knowledge enables
engineers to accurately determine fault currents,
select suitable protective devices, and maintain the
overall stability and safety of the electrical power
system.
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Results

This presents the results of fault current calculations
at various points in the 33/11 kV distribution
substation at Chilkalguda and discusses the system’s
response under different fault conditions. The
analysis aims to evaluate the severity of faults and
guide the selection of suitable protective devices
such as circuit breakers and relays. For the study, the
system is assumed to be balanced prior to fault
occurrence, load currents are neglected, and per-unit
values are used for simplicity. The substation
transformers considered are rated at 12.5 MVA and
8 MVA, with primary and secondary voltages of 33
kV and 11 kV, respectively. Calculated fault
currents indicate that the highest fault magnitude
occurs at the 11 kV busbar due to the lower voltage
level and reduced system impedance, emphasizing
the criticality of proper protective device ratings at
the secondary side. At the 33 kV busbar, the short
circuit current is approximately 4.37 kA, while at the
combined transformer secondary, the current is
around 1.18 kA. The 11 kV busbar experiences the
maximum fault current of 26.24 kA.To analyze
unsymmetrical ~faults more accurately, the
symmetrical components method is employed,
which decomposes the unbalanced three-phase
system into positive, negative, and zero sequence
networks. The positive sequence represents normal
system operation, the negative sequence captures
unbalanced conditions, and the zero sequence
reflects ground-related currents. Sequence networks
are analyzed independently and then superimposed
to determine the total fault current. Transformations
between phase and sequence domains, expressed
using matrix notation, allow straightforward
calculation of voltages and currents for each phase.
Examples include single line-to-ground (L-G)
faults, line-to-line (L-L) faults, double line-to-
ground (L-L-G) faults, and three-phase faults (L-L-
L and L-L-L-G). L-G faults, which are the most
frequent (approximately 70-80%), result from
insulation failure, lightning, equipment malfunction,
or environmental factors, and are mitigated using
protective relays, earth fault relays, circuit breakers,
and proper grounding. L-L-G faults involve two
phases and ground simultaneously, producing
higher currents than L-L faults, and are protected
using overcurrent and  differential relays.
Symmetrical faults, such as L-L-L and L-L-L-G,
affect all three phases, generate the highest currents,
and are crucial for designing transformer and busbar
protection systems.
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The results highlight the importance of coordinating
protective devices. Fault currents increase rapidly
during a fault, while busbar voltages drop
significantly. When protection operates correctly,
circuit breakers isolate the faulty section,
minimizing equipment damage and ensuring quick
restoration of power supply. Failure of the
protection system, however, can lead to transformer

overheating, busbar damage, and overall system
instability. The use of symmetrical components
enhances the accuracy of unsymmetrical fault
analysis and supports proper protection design.
Overall, the study demonstrates that understanding
both symmetrical and unsymmetrical fault
behaviors is critical for selecting appropriate circuit
breaker ratings, designing relay coordination
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schemes, ensuring equipment safety, and improving
the reliability of the distribution substation.

Conclusion

The project titled “Short Circuit Analysis of 33/11
kV Distribution Substation (Chilkalguda)”
successfully examined fault conditions and their
impact on a typical distribution substation. The
study provided a detailed understanding of the
substation's structure and operational components,
including transformers, busbars, circuit breakers,
and protective devices. Fault analysis was conducted
for both  symmetrical (three-phase) and
unsymmetrical faults (L-G, L-L, L-L-G), with fault
currents calculated at key locations such as the 33
kV busbar, transformer terminals, and the 11 kV
busbar. The results indicated that the maximum fault
current occurs at the 11 kV busbar, highlighting the
critical need for accurately rated protective
equipment at the secondary side. Application of the
symmetrical components method facilitated the
analysis of unbalanced faults, providing deeper
insight into fault behavior and improving the
accuracy of calculations. The study emphasized the
importance of properly coordinated protection
systems, including relays and circuit breakers, in
isolating faults promptly and preventing damage to
substation equipment. Overall, the project
demonstrates that short circuit analysis is essential
for ensuring safe, reliable, and efficient operation of
distribution substations and, by extension, the wider
power system.

Future Scope

The study also identifies several directions for future
work. Simulation-based analysis using software
tools such as MATLAB or ETAP can provide more
realistic fault behavior modeling. Detailed relay
coordination studies can enhance the efficiency and
reliability of protection schemes. Integration of real-
time substation data can further improve the
accuracy of fault current estimations, while
advanced protection techniques, including digital
relays and smart protection systems, can enhance
operational safety. Future research may also focus
on the incorporation of smart grid technologies,
enabling improved monitoring, control, and
automation of distribution substations. Furthermore,
more comprehensive modeling of sequence
networks under various fault conditions can provide
additional insight for optimizing system protection
and reliability. By addressing these aspects, future
studies can contribute to the development of highly
resilient and intelligent distribution systems.
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