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CHAPTER 1
ANALYSIS OF FAULT DETECTION IN POWER SYSTEM

Mr. Sreekanth Kondreddy

Assistant Professor, Department of Electrical and Electronics Engineering,
Presidency University, Bangalore, India.
Email Id:ksreekanthreddy @presidencyuniversity.in

ABSTRACT:

Power systems are crucial pieces of infrastructure that supply towns and businesses with
electricity. However, malfunctions in electrical systems can cause hiccups, harm to
equipment, and even blackouts. This chapter gives a general overview of the idea of power
system failures, their sources, methods of detection, and the significance of efficient fault
management. It emphasizes how critical fault analysis and mitigation techniques are to
preserving the stability and dependability of power systems. In order to distribute electricity
to end consumers, a power system is a complicated network of different parts, including
generators, transformers, transmission lines, and distribution systems. However, power
systems can develop defects despite their sturdy architecture and strict operational
procedures. An aberrant state or malfunctioning part is referred to as a fault. These things
might cause disruptions, damage to equipment, or even blackouts since they differ from the
typical operating norms.

KEYWORDS:
Fault Currents, Fault Detection, Protection Devices, Short Circuit, Short Circuit Current.
INTRODUCTION

Effective fault detection, analysis, and management in power systems depend on having a
thorough understanding of the reasons for failures, their types, and their effects. When two or
more conductors that typically function with a potential difference come into touch with one
another, a fault happens. These problems can be brought on by a piece of equipment failing
suddenly, by lightning surges damaging or short-circuiting overhead lines, or by inadvertent
damage to insulation. Irrespective of the causes, the failures in a 3-phase system can be
categorized into two main categories viz.

(1) Symmetrical faults
(i1) Unsymmetrical faults

A symmetrical fault is one that produces equal fault currents with a 1200 displacement, or
symmetrical fault currents. The most typical instance of a symmetrical fault is when a short
circuit occurs when all three conductors of a three-phase line are brought together at once.
Unsymmetrical faults are those that produce unsymmetrical currents, or unequal line currents
with unequal displacement. The following are possible manifestations of the unsymmetrical
defects. Line-to-line fault, single line-to-ground fault, double line-to-ground fault, and line-
to-line fault. The vast majority of power system failures are asymmetrical in origin, with
short circuits from one line to ground constituting the most frequent type. Such fault current
estimations are done using the "symmetrical components" method [1]-[3].

Causes of Faults: There are a number of things that can go wrong with a power system.
Equipment failure brought on by ageing, wear and tear, or poor maintenance is one prevalent
cause. For instance, faults can be caused by the breakdown of insulation in transformers or
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short circuits in transmission lines. Furthermore, faults can be caused by external factors like
extreme weather, lightning strikes, or human error during building or maintenance tasks.

Types of Faults: There are several ways that faults in power systems can appear, and each has
unique properties and ramifications. Several typical faults include:

Short Circuit Faults: When two or more conductors come into touch and the desired electrical
path is not followed, a short circuit fault occurs. High fault currents, excessive heating, and
equipment damage can all be consequences of short circuits.

Open Circuit Faults: Unlike short circuits, which involve a break or discontinuity in a
conductor, open circuit faults include a loss of electrical continuity. Open circuits can cause
equipment to operate inefficiently or cause power supply outages.

Ground Faults: When an electrical conductor unintentionally makes contact with the ground,
a ground fault is created. These flaws may lead to current leakage, equipment damage, and
safety risks. They may be brought on by inadequate insulation or defective equipment.

Phase-to-Phase Faults: A direct short circuit between two different power system phases
occurs in a phase-to-phase fault. If these defects are not fixed right away, they could seriously
harm the equipment and potentially result in system-wide blackouts or voltage sags.

Fault Detection: To reduce the impact of problems on power systems, timely fault detection is
essential. Protective relays, which are devices that monitor electrical parameters and launch
protective actions when abnormal conditions are detected, are used in fault detection
techniques. In order to detect fault signatures, these relays are built to measure current,
voltage, frequency, and other pertinent factors. Furthermore, cutting-edge innovations like
phasor measuring units (PMUs) and clever algorithms allow for real-time monitoring and
quicker defect diagnosis.

Fault Analysis: Once a defect is found, it is crucial to perform a complete fault analysis in
order to understand its features and create effective mitigation plans. To identify fault sites,
fault kinds, and fault durations, fault analysis entails examining fault waveforms, fault
currents, and voltage profiles. This data is useful for determining the underlying reasons,
evaluating the effectiveness of the equipment, and measuring how problems affect the
stability and dependability of the power system.

Fault Management: Effective fault management is essential for preserving the dependability
and stability of power systems. It entails a mix of preventative and corrective actions. Regular
equipment maintenance, insulation testing, and the use of redundancy in crucial components
are examples of preventive measures. These precautions assist reduce the risk of errors and
their effects. When a defect occurs, corrective actions are taken, such as quick fault isolation,
power system reconfiguration, and power supply restoration. Quick fault isolation and power
rerouting are made possible by cutting-edge automation and control technologies. In order to
hasten the recovery process following a fault event, grid restoration processes and
contingency plans are also essential. Serious effects, such as equipment damage,
interruptions, and blackouts, can result from power system faults. Effective fault detection,
analysis, and management depend on having a thorough understanding of the origins,
varieties, and traits of defects. Intelligent algorithms, PMUs, protective relays, and other
cutting-edge technology make it possible to detect faults quickly, and fault analysis offers
useful information for creating mitigation plans. Power system operators can reduce the
effects of faults and guarantee uninterrupted power supply by putting preventive measures
into place and adopting effective fault management practices. To solve new issues in power
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systems, such as the incorporation of renewable energy sources and the increasing
complexity of interconnected grids, ongoing research and development initiatives are
required. In the end, proactive problem management improves service quality and customer
happiness while boosting the overall reliability and stability of power systems.

Short circuit: A short-circuit is stated to have happened whenever a network issue causes a
large current to flow in one or more phases. A large current known as short circuit current
passes across the circuit when a short circuit happens.Figure 1 short circuit

Z,(~) v | Z

Figure 1: Short circuit

Referring to Figure 1, where a single-phase generator is giving power to a load Z with a
voltage V and internal impedance Zi, this is wonderfully demonstrated. The circuit's current
is typically constrained by the load impedance Z. The circuit impedance, in this example Zi,
is decreased to an extremely low value if the load terminals short for whatever cause. Zi is so
little that a lot of current flows through the circuit as a result. We refer to this as short-circuit
current. It is important to distinguish between an overload and a short-circuit. When a short
circuit happens, the voltage at the site of failure is dropped to zero, and an abnormally large
number of current flows through the network to the fault. A system has been subjected to
loads greater than those that were intended, on the other hand, in the case of an overload. The
voltage at the overload point may be low but not zero under these circumstances. Beyond the
overload point and into the rest of the system, the under-voltage circumstances may persist
for a while. Even if the currents in the overloaded equipment are considerable, they are
significantly lower than they would be in a short-circuit.

Short-circuit causes: The cause of a short circuit in the power system is an anomalous
circumstance in the system. It might be brought on by internal or external factors.

(i) Equipment failure or gearbox line deterioration results in internal effects of insulation in a
transformer, generator, etc. These issues could be brought on by outdated insulation, poor
design, or poor installation.

(i) External factors contributing to short circuits include insulation failure brought on by
lightning surges, equipment overloading those results in high heating, public mechanical
damage, etc. Effects of short-circuit: Resulting from a short circuit When a short circuit
happens, the system's current rises to an abnormally high value while the voltage falls to a
low one [4]-[6].

(i) A short-circuit creates a large current that results in excessive heating, which could trigger
a fire or explosion. A short-circuit can occasionally appear as an arc and seriously harm the
system. As an illustration, if an arc on a transmission line is not rapidly cleaned, it will burn
the conductor badly and eventually cause it to break, creating a lengthy interruption of the
line.
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(i) The power system's ability to provide its services is severely harmed by the fault's low
voltage. The motors of the consumers may shut off, and the generators on the power system
may become unstable, if the voltage stays low for even a little period of time.

Due to the aforementioned detrimental effects of a short-circuit, it is desired and required to
disconnect the defective portion and immediately return the voltage and current to normal.

DISCUSSION

Short circuit currents

The majority of power system malfunctions result in short-circuit faults, which result in high
current flow. The following justifies the significance of these short-circuit current
calculations:

(1) A circuit breaker or a fuse can clear a short-circuit on the electrical system. Therefore, it is
essential to be aware of the highest short-circuit current levels possible so that switchgear
with the appropriate rating can be fitted to cut them off.

(1) The setting, and occasionally the kinds and locations, of protective systems are
determined by the short-circuit current's size.

(iii) The amount of the protective reactors that must be installed in the system to ensure that
the circuit breaker can withstand the fault current depends on the magnitude of the short-
circuit current.

(iv) By calculating short-circuit currents, we may choose the appropriate equipment (such as
bus bars, current transformers, etc.) and ensure that it can withstand the forces generated by
short circuits.

Cause of short circuit current

The main causes of short circuit currents in power systems are anomalous circumstances that
result in low impedance channels that let too much current flow. These unusual situations can
be attributable to a number of things, including defective equipment, deteriorated insulation,
unintentional contact between conductors, and uncontrollable outside phenomena like
lightning strikes. Let's get more into these reasons now:

Equipment Failures: Failures of the equipment that makes up the power system can lead to
faults. For instance, when a transformer's insulation fails, a short circuit might form between
its windings, resulting in a large current flow. Similar to that, short circuit currents can result
from malfunctions with switches, circuit breakers, or other parts.

Insulation Failure: Insulation failure is a frequent reason why short circuit currents occur.
Electrical equipment breakdowns can be caused by insulation materials that have deteriorated
or been degraded over time. Conductors may come into touch when insulation fails, resulting
in a short circuit that lets large currents flow.

Accidental Contact: Currents in short circuits can be produced when conductors come into
contact unintentionally. This could happen as a result of human error, maintenance work, or
construction. For instance, if two conductors touch or are in close proximity to one another, a
short circuit may happen, causing an increase in current.

Lightning Strikes: Lightning strikes are uncontrollable outside factors that might result in
current short circuits. A huge rush of electrical energy enters the system when lightning hits a
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power line or a nearby structure. This surge has the potential to cause a short circuit and
generate large fault currents.

Ground Faults: When an electrical conductor makes contact with the ground or another
conductive surface, a ground fault takes place. Failure of the insulation, faulty machinery, or
unintentional contact are all potential causes of this. A low impedance path is produced by a
ground fault, which can result in a large current flow and short circuit currents.

Environmental causes: Short circuit currents can be caused by environmental causes like
extreme weather. For instance, during storms, strong winds or flying debris might collide
with conductors or generate faults in electrical lines that lead to short circuits. It is significant
to remember that short circuit currents can attain extraordinarily large magnitudes despite
often having brief durations. Transformers, generators, circuit breakers, and other pieces of
equipment are all at serious risk from these currents. In order to reduce the effects of short
circuit currents, it is essential to have the right protection devices in place, such as fuses,
circuit breakers, and relays, to quickly detect and isolate faults. A variety of events, such as
equipment malfunctions, insulation breakdown, unintentional contact, lightning strikes, and
ground faults, can result in short circuit currents in power systems. In order to reduce the
dangers associated with short circuit currents and build preventative measures and protective
systems, it is helpful to understand these sources. This helps to ensure the secure and
dependable operation of electrical networks.

Calculations of short circuit currents

For calculating the amount of fault currents and evaluating the effectiveness of protective
devices, accurate short circuit current calculations are essential. Short circuit currents can be
calculated using a variety of techniques:

Impedance approach: The impedance approach involves calculating the fault current using
Ohm's Law and the impedance of the power system's component parts. To determine the size
of the fault current, the approach takes into account the impedance of the generators,
transformers, transmission lines, and distribution networks.

Per Unit Method: The per unit method simplifies the computation of short circuit currents by
normalizing the system characteristics to a shared base value. The method makes
straightforward comparisons and fault state analysis possible by describing the system
impedance and fault current in per unit values.

Method of Symmetrical Components: This approach is particularly helpful for examining
unbalanced fault conditions. The fault currents are determined for each of the system's
positive, negative, and zero sequence components independently.

Software-Based Analysis: As computer-based tools and software have developed,
comprehensive analysis programmes for short circuit current estimates are now readily
available. These applications use intricate network models, take into account numerous fault
scenarios, and deliver precise results for intricate power systems.

Impact of short circuit currents

The operation of the power system's equipment, components, and overall system can all be
significantly impacted by short circuit currents. Some important effects include:

Thermal Stress: Equipment overheating and thermal stress can be brought on by excessive
current flowing through it. Deterioration of the insulation, failure of the machinery, and even
catastrophic damage can result from this. The amount of the short circuit current is an
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important consideration when deciding which preventive measures are necessary and how
thermally capable a device is.

Mechanical Forces: Short circuit currents produce significant electromagnetic forces as a
result of the fault current's interaction with the power system's magnetic fields. These forces
may produce mechanical strains that result in equipment displacement, mechanical failures,
or even structural damage.

Voltage Drop: Short circuit currents cause a voltage drop that travels throughout the network
impedance. This voltage drop has the potential to impair the functionality of delicate
machinery, induce voltage sags, and interfere with the functioning of voltage-sensitive loads.
To lessen the effect on important loads, voltage dip mitigation measures should be taken into
consideration.

Coordination of Protective Devices: Fuse, circuit breaker, and relay coordination is greatly
aided by short circuit currents. The proper protective settings are chosen based on the fault
current magnitude and duration, ensuring the selective action of protective devices to isolate
faults while preserving system stability.

System Stability: The stability of the power system can be affected by short circuit currents.
Voltage levels can drop quickly as a result of high fault currents, which can also result in
voltage instability or even voltage collapse. When short circuit currents are properly
analyzed, possible stability problems can be found and suitable stability-improving methods
can be designed.

Mitigation of short circuit currents: The following preventative measures and system
design considerations are used to lessen the effects of short circuit currents:

Protective Devices: Effective fault isolation and the protection of system components are
ensured by choosing and setting protective devices, such as circuit breakers, fuses, and relays,
with the proper current ratings and time-current characteristics [7]-[10].

Fault Current Limiting Devices: Fault current limiters can be used to lower the size of short
circuit currents and lessen their influence on the power system. Examples include current-
limiting reactors and superconducting fault current limiters.

System Design: A good system design reduces the effects of short circuit currents by
choosing the right conductor diameters, transformer ratings, and equipment ratings. It is
possible to improve fault tolerance and system dependability by properly coordinating
protective equipment and configurations.

Fault Detection and Clearing: Timely fault clearing and quick fault isolation are made
possible by technologies like automated recloses or protective relay systems, which also help
to short circuit currents last less time and have less of an impact. The design, operation, and
protection of power systems must take short circuit currents into account. The reliability and
safety of electrical networks must be maintained by precisely estimating their magnitude,
comprehending their causes, and limiting their effects on system components. Power system
operators can provide effective fault management and safeguard the stable operation of the
power grid by using proper calculation methods, coordinating protective equipment, and
putting into practice fault mitigation measures.

Protection devices

Protective equipment is essential for defending power systems against fault currents. These
tools are made to identify unusual current circumstances and launch the proper responses to
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locate faults and safeguard system components. Let's examine a few of the often-employed
safeguards for fault current protection:

Fuses: Fuses are among the earliest and most basic types of safety equipment. They are made
composed of a metal wire or strip that melts under extreme current, cutting off the circuit and
isolating the problem. Fuses are frequently used for overcurrent and short circuit protection in
a variety of applications and are normally built to protect certain current ratings.

Circuit Breakers: Electrical circuits are safeguarded against overcurrent’s and short circuits
by circuit breakers, which operate automatically. To find and stop fault currents, they
combine thermal and electromagnetic methods. The ability to reset a circuit breaker after it
trips makes it ideal for both temporary and long-term fault protection.

Protective Relays: Relays that are designed to monitor electrical parameters and start
protective processes when abnormal conditions are detected are known as protective relays.
To identify fault currents and offer selective fault isolation, they cooperate with circuit
breakers. Protective relays can be set up to react to overcurrent, undercurrent, and directional
fault detection, among other fault characteristics.

Current Limiting Devices: Current-limiting reactors and superconducting fault current
limiters are two examples of current-limiting devices that are used to minimize the magnitude
of fault currents and lessen their influence on the power system. These gadgets offer
impedance to restrict the current flow during a malfunction, lowering the strain on machinery
and minimizing damage.

Differential Relays: By tracking the current difference between two or more phases,
differential relays are intended to safeguard transformers, motors, generators, and other
machinery. The differential relay works to isolate the malfunctioning portion of the system
from the rest of the system when there is an imbalance in current, which indicates a defect

Ground Fault Relays: Ground fault relays are used to detect and guard against ground faults,
which occur when a conductor unintentionally connects to the ground. These relays keep an
eye on the current flowing between the system and the ground and trip the circuit breaker or
start a protection mechanism when they detect high ground fault currents.

Overcurrent Relays: Relays that prevent excessive current flow because of overloads or short
circuits are known as overcurrent relays. They keep an eye on the amount of current and
activate when it goes above a set limit. To enable selective fault clearing and avoid needless
tripping of upstream devices, overcurrent relays can be time-graded or coordinated.

Voltage Regulators: Voltage regulators are safety tools used to keep the required voltage
range consistent at a constant level. They are used to reduce voltage dips and fluctuations that
may happen under fault conditions. These devices help ensure the proper operation of
delicate equipment and guard against harm brought on by voltage changes by controlling the
voltage.

To ensure the stability and dependability of power systems and to offer complete fault current
protection, these protective devices are frequently utilized in combination. Effective fault
detection, selective fault isolation, and the overall protection of system components depend
on the choice and coordination of protective devices. To choose the best protective devices
and their settings for each application, a thorough examination of the system requirements,
fault current calculations, and coordination studies is carried out. In order to prevent against
fault current in power systems, protective devices including fuses, circuit breakers, protective
relays, and current limiting devices are crucial. These tools are essential for finding problems,
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isolating problematic areas, and protecting system components from excessive current flow.
Power system operators can improve the security, dependability, and efficiency of electrical
networks by utilizing the right safety measures and putting coordination plans into practice.

CONCLUSION

Electrical networks' ability to operate consistently and reliably faces substantial obstacles as a
result of power system faults. An overview of power system failure detection, analysis, and
management has been provided in this study. It is feasible to quickly identify faults and start
the necessary protective measures by using modern fault detection techniques such protective
relays, phasor measurement units, and intelligent algorithms. The development of appropriate
mitigation techniques is aided by the valuable insights into fault characteristics provided by
fault analysis. Effective fault management is essential to reducing the effects of faults and
ensuring a constant supply of electricity. Power system operators can take corrective action,
stop equipment damage, and avert extensive blackouts thanks to timely fault identification
and investigation. Additionally, redundancy, automatic fault isolation techniques, and fault-
tolerant designs can improve the resilience of power systems.
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ABSTRACT:

In order to control, safeguard, and isolate electrical equipment, switchgear is a crucial part of
electrical power systems. The importance, varieties, and uses of switchgear are highlighted in
this chapter's introduction. It examines a number of switchgear-related terms, including
disconnect switches, relays, fuses, and circuit breakers. The importance of switchgear in
ensuring the dependable and secure functioning of power systems is emphasized in the
conclusion. Switchgear allows for the on/off switching of distributors, gearbox lines,
generators and other electrical equipment during normal operation. On the other hand, a large
current run through the equipment when a fault (such as a short circuit) happens on any
element of the power system, endangering equipment damage and disrupting customer
service. However, the switchgear recognizes the issue and cuts off the ailing portion of the
system.

KEYWORDS:

Circuit Breaker, Electrical Power System, Relay Protection, Single Busbar System,
Switchgear.

INTRODUCTION

The modern world has a noticeable high demand for electrical energy. The majority of this
energy is required for electric traction, lighting, heating, home appliances, and industrial
electrical gear. Since having access to electricity is now essential to daily life, it is desirable
to safeguard the power system from damage during fault situations and to provide maximum
supply continuity. The ability to turn on or off generators, gearbox lines, distributors, and
other equipment in both normal and abnormal circumstances must be supplied for this reason.
Switchgear is a piece of equipment that accomplishes this. Switches, fuses, circuit breakers,
relays, and other switching and protective devices make up a switchgear in its basic form.
Switchgear shields the system from harm and guarantees supply continuity in this way. We
will cover a basic overview of switchgear in this chapter [1]-[3].

Switchgear

Switchgear is the term for the equipment that is used to switch, control, and protect electrical
equipment and circuits. Under typical or unusual operating conditions, the switchgear
equipment's main concerns are switching and interrupting currents. The simplest type of
switchgear is a tumbler switch with an ordinary fuse, which is used to regulate and safeguard
lighting and other equipment in homes, offices, etc. A high-rupturing capacity (H.R.C.) fuse
in conjunction with a switch may be used to manage and safeguard a circuit with a higher
rating. However, for two reasons, such switchgear cannot be utilized profitably on high
voltage systems (3-3 kV). First of all, replacing a fuse after it blows takes some time, which
causes a service interruption for the clients.
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Second, huge fault currents caused by failures in high-voltage systems cannot be successfully
interrupted by the fuse. Lines and other equipment now run at high voltages and carry big
currents thanks to the development of the power system. Heavy current passing through the
equipment as a result of a system short circuit may seriously harm it. Automatic circuit
breakers, also known as circuit breakers, are used to stop such strong fault currents. An
electrical circuit can be opened or closed by a circuit breaker under both typical and unusual
circumstances. A circuit breaker may be better, even when a fuse is sufficient in terms of
breaking power. It's because a circuit breaker has a wider range of applications than a fuse
because it may break and close circuits without requiring replacement. Switchgear, which
provides control, isolation, and safety for different electrical equipment, is a crucial
component of electrical power systems. It is critical for power generation, transmission, and
distribution networks because it plays a significant role in ensuring the safe and dependable
operation of power systems. This article provides a thorough introduction to switchgear by
examining its significance, varieties, uses, and essential components.

Switchgear serves as the central node for managing and regulating the flow of electricity in
an electrical power system. It gives operators the ability to keep an eye on, control, and
safeguard the system, making sure that electrical equipment runs within safe limits and
avoiding damage from faults or overloads. Circuit breakers, fuses, relays, and disconnect
switches are just a few of the parts that make up switchgear, each of which contributes to the
integrity of the system in a different way. Controlling the flow of electrical current is one of
the main purposes of switchgear. By turning circuits on or off, operators can direct power to
various parts of the network as necessary. This control is essential for keeping the equilibrium
between energy generation and demand and ensuring that power is dispersed throughout the
system effectively. Switchgear also gives operators the flexibility to isolate particular pieces
of technology or portions of the network for upkeep or repairs, reducing downtime and
enhancing overall system reliability.

Protection is a crucial function of switchgear. It acts as a defense against several electrical
defects that could develop within the system. Excessive currents caused by faults like short
circuits or overloads can harm equipment or endanger people. Circuit breakers, which are
included into switchgear, automatically detect abnormal current situations and stop the flow
of electricity to stop further harm. Switchgear also includes fuses, which are intended to melt
and cut the circuit if there is an excessive current flow, shielding delicate electronics from
potential damage. Switchgear makes isolation easier in addition to providing control and
safety. Switchgear enables the isolation of a certain sector of the power system when a
problem develops there while preserving power to other parts. This isolation reduces the
impact on overall power supply dependability by preventing the defect from propagating
across the system. By separating equipment from the power source and enabling safe
maintenance processes, switchgear also ensures the security of those working with or close to
electrical equipment.

There are many different types of switchgear, each suited to particular purposes and voltage
ranges. Low-voltage (LV), medium-voltage (MV), and high-voltage (HV) switchgear are the
most prevalent varieties. When the voltage levels are low, LV switchgear is frequently
employed in residential, commercial, and industrial environments. HV switchgear is used in
transmission networks and operates at voltage levels over 52 kV, whilst MV switchgear is
used in distribution networks and normally operates between 1 kV and 52 kV. To improve
performance and functionality, modern switchgear systems are progressively incorporating
cutting-edge technologies. Real-time data collection is made possible by digital monitoring
and communication capabilities. This enables operators to keep track of the state of



Overview on Fault Analysis

switchgear components, see anomalies, and spot potential problems before they become
serious. Such developments assist preventive maintenance techniques, increasing the
switchgear systems' overall dependability and effectiveness. Switchgear is a crucial part of
electrical power systems because it gives electrical equipment control, protection, and
isolation. It guarantees the secure and dependable operation of the networks for power
generation, transmission, and distribution. Switchgear gives operators the ability to regulate
the flow of power, safeguard equipment against malfunctions, and isolate problematic areas
of the system by incorporating various components such circuit breakers, fuses, relays, and
disconnect switches. With the addition of digital monitoring and communication capabilities,
switchgear technology is advancing, which improves performance and aids in efficient
maintenance and troubleshooting. Switchgear plays an increasingly important function in
power systems as they develop and grow more sophisticated, providing an uninterrupted
energy supply and the safety of both employees and equipment.

DISCUSSION
Essential features of Switchgear
The following are switchgear's key characteristics

(1) Complete reliability: With the trend towards interconnection continuing and generating
station capacity growing, the necessity for reliable switchgear has taken on utmost
significance. This is understandable given that the power system has switchgear added to it to
increase reliability. The switchgear must be in use when a problem develops in any
component of the power system in order to isolate that component from the rest of the circuit.

(i1) Definitely certain discrimination: The switchgear must be able to distinguish between the
faulty portion and the healthy section when a problem arises on any part of the power system.
It ought to separate the problematic area from the rest of the system without compromising
the functioning area. This will guarantee supply stability [4]-[6].

(iii) Quick operation: When a failure develops in any area of the power system, the
switchgear must act fast to prevent short-circuit currents from damaging generators,
transformers, and other equipment. If the defect is not rapidly corrected by the switchgear, it
may spread to the healthy components, jeopardizing a full shutdown of the system.

(iv) Manual control provision: A switchgear needs to have manual control capability. The
required procedure can be carried out manually in the event that the electrical (or electronic)
control fails.

(v) Provision for instruments: Instruments must be provided for that may be needed must be
provided for.

These could be an ammeter or voltmeter built within the device itself, the required current
and voltage transformers for connection to the main switchboard, or a separate instrument
panel.

Switchgear equipment’s

A broad variety of equipment that is concerned with switching and interrupting currents
under both normal and abnormal circumstances is referred to as switchgear. It consists of
relays, switches, fuses, circuit breakers, and other hardware. Below is a quick description of
various gadgets. The reader can find a more in-depth treatment of them in the coming
chapters, though.
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Switches

A switch is a tool that is used to conveniently open or close an electrical circuit. It can be
utilized with or without a load, but it cannot interrupt the fault currents. An *arc is created in
the air between the switch's contacts when the connections are opened. For circuits with high
voltage and high current capacity, this is especially true. The switches can be divided into two
categories: (i) air switches and (ii) oil switches. The former's contacts are opened in air,
whereas the latter's contacts are opened in oil.

(i) Air-break switch: This air switch is made to open a circuit when there is a load on it.
Special arcing horns are available to quench the arc that forms when such a switch is opened.
Arcing horns are metal components between which an arc is created during the opening
process. These horns stretch apart more widely as the switch opens. The arc is thereby
prolonged, cooled, and interrupted. For circuits of medium capacity, like as lines servicing an
industrial load from a major transmission line or feeder, air-break switches are typically used
outdoors.

(i1) Isolator or disconnecting switch: This switch, which functions much like a knife, is
intended to open a circuit without any load. It is not intended to be opened while current is
flowing in the line because its major function is to isolate one part of the circuit from the
other. In order to make repairs and replacements of circuit breakers without any risk, such
switches are typically utilized on both sides of the breakers. They must always be closed
before the circuit breaker is closed and must never be opened before the circuit breaker in the
same circuit has been opened.

(iii) Oil switches: These switches' contacts open under oil, typically transformer oil, as their
name suggests. Oil has the effect of quenching and cooling the arc that frequently forms
when the circuit is opened. High voltage and big current carrying capacity circuits use these
switches.

Fuses

A fuse is a small, thin piece of wire or strip that melts when an excessive amount of
electricity goes through it for a long enough period of time. It is connected in series with the
vulnerable circuit. The fuse element is typically functioning at a temperature below its
melting point. As a result, it can handle the typical load current without getting too hot. But
when a short circuit or overload happens, more current flows through the fuse element than is
allowed by its rating. As a result, the fuse element heats up more and melts (or blows out),
disconnecting the circuit it was protecting. A fuse safeguards machinery and equipment from
harm brought on by high currents in this manner. It is important to remember that a fuse
serves as both a detection and an interruption device.

Circuit breakers

A circuit breaker is a piece of equipment that has the ability to open or close a circuit under
all circumstances, including fault and full load. It is created in such a way that it can be used
manually (or remotely) under normal circumstances, and automatically when there is a
problem. A relay circuit and a circuit breaker are employed for the latter function. Figure 1 (1)
depicts the components of a conventional oil circuit breaker, whereas Figure 1 (ii) depicts
how a relay circuit controls it. The basic components of a circuit breaker are movable and
fixed contacts housed in a sturdy metal tank and submerged in transformer oil.

Under typical operating circumstances, the contacts are kept closed, and the circuit breaker
constantly supplies current to the full load. The contacts can be opened manually or remotely
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in this situation even though the e.m.f. in the secondary winding of the current transformer
(C.T)) is insufficient to operate the trip coil of the breaker. The secondary e.m.f. rises when a
fault occurs due to the overcurrent that results in the C.T. primary winding. This activates the
breaker's trip coil, which pulls down on the moving contacts to open the contacts and thereby
the circuit. The oil quenches the arc that was created during the opening procedure. It's
interesting to notice that a circuit breaker actually interrupts the circuit, whereas a relay only
detects a malfunction.Figure 1 circuit breaker.
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Figure 1: Circuit Breaker
Relays

A relay is a device that locates the fault and sends data to the circuit breaker to interrupt the
circuit. A typical relay circuit is shown in Fig. 16.1 (ii). It can be split into three sections,
namely.

(1) A current transformer's primary winding that is linked in series with the circuit to be
protected. The main conductor itself is frequently the first winding.

(i1) The secondary winding of C.T. is linked to the working coil of the relay in the second
circuit.

(iii) The relay stationary contacts, a power source, and a circuit breaker's trip coil make up the
third circuit, known as the tripping circuit.

The C.T. secondary winding's emf is low under normal load conditions, and the current
flowing through the operational coil of the relay is inadequate to seal the relay contacts. This
prevents the circuit breaker's trip coil from becoming activated. As a result, the circuit
breaker's contacts stay closed and it continues to supply electricity to the load as usual. A
huge current travel through the C.T. primary when a fault occurs. This raises the secondary
E.M.E. and consequently the current flowing through the operational coil of the relay. The
circuit breaker's trip coil is activated to open the circuit after the relay contacts are closed the
circuit breaker's connections.

Busbar arrangements

Bus-bars are utilized as the common electrical component when several generators or feeds
operating at the same voltage need to be directly connected electrically. Bus-bars are thin-
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walled tubes or copper rods that run at a constant voltage. We'll talk about some significant
bus-bar configurations utilized in power plants and sub-stations. All of the diagrams are
single-phase but refer to a 3-phase configuration.

Individual Bus-bar System

Power plants use the single busbar system, which has the most straightforward architecture.
Additionally, it is utilized in little outdoor stations with a sparse number of feeders and lines
coming in or going out. The single bus-bar system for a typical power plant is seen in Fig. 2.
Transformers, incoming lines, and generators are all connected to the bus-bar. A circuit
breaker controls each generator and feeder. The isolators provide maintenance isolation of
generators, feeders, and circuit breakers from the bus-bar. Low startup costs, little upkeep,
and ease of use are this type of arrangement's key benefits.

Disadvantages: These are the single bus-bar system's three main drawbacks:
(1) Without de-energizing the entire system, the bus-bar cannot be cleaned, repaired, or tested.
(i1) Supply is completely cut off if a fault develops on the bus-bar itself.

(iii) All of the generating capacity is used to feed any fault in the system, resulting in
extremely huge fault currents.
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Figure 2: Individual Bus-bar System
Single bus-bar system with Sectionalization

A single bus-bar system that is sectionalized. It is usual practice to sectionalize the bus in
large generating stations with multiple units installed so that a defect on any part of the bus-
bar won't result in a complete shutdown. This is demonstrated in Fig. 3 where a bus-bar is
separated into two portions and connected by isolators and a circuit breaker. This
arrangement is said to have three main benefits. First off, any piece of the bus-bar can be
isolated in the event of a problem without impacting the supply to adjacent sections. Second,
compared to sectionalized bus-bar, the fault current is substantially smaller if a fault develops
on any feeder. This enables the use of feeder circuit breakers with lower capacities. Thirdly,
as any component of the bus-bar can be repaired or maintained without shutting down the
entire system by simply de-energizing that particular area [7]-[10]. It is important to
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remember that a circuit breaker should be utilized as the sectionalizing switch to allow for the
safe decoupling of the bus-bars during load transfer. Additionally, the circuit breaker itself
needs to have isolators on both sides so that maintenance can be performed while the bus-
bars are still operational.
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Figure 3: Single bus-bar system with Sectionalization

Duplicate bus-bar system

In large stations, it's critical that maintenance and repairs don't significantly disrupt the
supply chain. Duplicate bus-bar systems are employed at significant stations to achieve this
goal. A "main bus-bar" and a "spare" bus-bar make up such a system (see Fig. 16.4). With the
use of a bus coupler, which comprises of a circuit breaker and isolators, each generator and
feeder may be linked to either bus-bar. When switching from one bus to another, service is
halted according to the Fig. 4 plan. However, there would need to be two circuit breakers for
each circuit if it were intended to switch a circuit from one to another without affecting
service. Such a deal would be too expensive.
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Figure 4: Duplicate bus-bar system
Advantages:

(1) If repairs and maintenance must be performed on the primary bus, there is no need to stop
the supply because the full load can be moved to the backup bus.
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(1) It 1s possible to test feeder circuit breakers while leaving the main bus-bar undisturbed by
mounting them on a spare bus-bar.

(iii) By moving the supply to the opposite bus-bar in the event of a bus-bar fault, the circuit
can continue to receive power.

Switchgear accommodation

Circuit breakers, switches, bus-bars, instruments, and instrument transformers are the basic
parts of a switchgear. In order to protect workers during operation and maintenance and to
guarantee that the consequences of a failure on any section of the gear are contained to a
small area, the switchgear must be housed in power plants and sub-stations in a specific
manner. Switchgear may be generically categorized as (i) outdoor type (ii) interior type
depending on the voltage to be handled.

(1) Outdoor design: Switchgear equipment is installed outdoors for voltages more than 66 kV.
Because of the distances between conductors and the space needed for switches at such
voltages, Circuit breakers, transformers, and other equipment have grown to such enormous
sizes that it is not practical to install them all indoors. A typical outdoor sub-station with
switchgear is shown in Fig. 5. Due to the huge electrical clearance, the circuit breakers,
isolators, transformers, and bus bars take up a lot of space relating to high voltages.

(i1) Indoor type: Due to financial constraints, switchgear is often installed indoors for voltages
below 66 kV. The interior switchgear is often made of metal. In this style of construction, an
earthed metal case entirely encloses all live parts. The main goal of this method is to clearly
localize and confine any fault to its point of origin.
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Figure 5: switchgear accommodation
CONCLUSION

Electrical power systems depend on switchgear to run effectively and safely. It allows for the
reliable distribution and transmission of power by providing control, protection, and isolation
for electrical equipment. Switchgear ensures the prompt termination of electrical currents in
the event of faults or overloads by incorporating diverse components such circuit breakers,
fuses, relays, and disconnect switches, preventing equipment damage and reducing
downtime. The continuity of power supply to unaffected areas is also maintained by
switchgear's capacity to isolate malfunctioning parts of the power system. Strong and
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dependable switchgear is especially more crucial as power systems continue to develop and
become more complicated. The performance of switchgear is further improved by
technological advancements like digital monitoring and communication capabilities, which
also make effective maintenance and troubleshooting possible. Overall, switchgear is an
essential component of power systems, protecting machinery, workers and the steady flow of
electricity.
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ABSTRACT:

In order to analyze the behavior and reaction of electrical networks under symmetrical fault
conditions, symmetrical fault calculation is a key technique. The fundamental ideas,
procedures, and equations related to symmetrical fault computations are covered in detail in
this chapter. The goal of this work is to give experts in the field of power system engineering
a thorough grasp of symmetrical fault computations and the role they play in stability and
system protection. The majority of power system problems result in a short-circuit situation.
When such a circumstance arises, a strong current (known as short circuit current) runs
through the apparatus, seriously damaging it and interrupting service to the users. The
determination of short circuit currents under fault conditions is perhaps the topic that matters
the most to an electrical engineer. Practically every piece of equipment in the power system is
designed and arranged with considerations for short-circuit current in mind. We will limit our
discussion in this chapter to fault currents resulting from symmetrical faults.

KEYWORDS:
Base kVA, Fault Current, Percentage Reactance, Symmetrical Fault, Short Circuit kVA.
INTRODUCTION

A symmetrical fault on the power system is one that results in symmetrical fault currents, or
equal fault currents in the lines with a 120° displacement. When all three conductors of a
three-phase line are brought together at once into a short circuit state, as depicted in Figure 1,
this is known as a symmetrical fault. Asymmetrical fault currents, or equal fault currents with
a 120° angle, are produced by this sort of fault displacement. Thus, with reference to Figure
1, fault currents Iy, Iy, and Ig will have a 120° displacement among them and be of identical
amplitude them. Due to the fault's balanced character, only one phase needs to be taken into
account in calculations because the conditions in the other two phases will be comparable.
The following details deserve special attention [1]—[3]:

(1) In practice, symmetrical errors are uncommon because most faults are unsymmetrical in
character. However, in order for the reader to comprehend the issues that short circuit
circumstances offer to the power system, symmetrical fault computations are being covered
in this chapter.

(i) The most severe problem, known as a symmetrical fault, places a heavier burden on the
circuit breaker.

Power system analysis must consider symmetrical failures since they are crucial to
understanding how electrical networks behave and react in fault situations. An aberrant
condition in a power system is referred to as a fault when there is a sudden, typically brief
breakdown that deviates from normal operation. Equivalent fault impedances and currents
exist in all phases of a power system, which is what is meant by the term "symmetrical
faults," also known as "balanced faults." The goal of this introduction is to give a thorough
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overview of symmetrical faults, emphasizing their significance, traits, and effects on power
system engineering. Power systems are intricate networks made up of different parts
including loads, transmission lines, transformers, and generators. These parts work together
to transfer electricity from the energy producers to the end users. However, the system may
develop flaws for a variety of reasons, endangering the stability of the system as a whole as
well as the safety of the workers and the equipment. One kind of fault condition that can
occur in a power system is symmetrical faults.
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Figure 1: Symmetrical Fault

When a defect, such a short circuit, arises between two or more phases or between a phase
and ground, with equal impedance and current flowing in each phase, that fault is said to be
symmetrical. Because it assumes perfect symmetry and disregards any asymmetrical
elements that might occur in real-world situations, this kind of error is regarded as idealized.
Nevertheless, despite this simplification, studying symmetrical failures offers important
insights into how power systems behave under fault conditions. The fault current and the
fault impedance control how a power system reacts during a symmetrical fault. While the
fault impedance accounts for the resistance and reactance of the failed circuit, the fault
current indicates the flow of electrical energy during the fault. For system security, it is
essential to understand these factors since they determine the degree of the defect and the
action needed to lessen its impact. In power system engineering, symmetrical fault analysis
serves a variety of functions. In the first place, it helps in figuring out the fault current levels,
which are crucial for choosing the right protective devices and equipment ratings. Engineers
can verify that protective relays work properly, isolating the malfunctioning part of the
system and reducing damage by precisely estimating fault currents.

A second benefit of symmetrical fault analysis is that it enables the assessment of fault
impacts on system components. Engineers can evaluate the thermal and mechanical pressures
placed on different elements like wires, transformers, and circuit breakers by analyzing the
fault currents and how they are distributed throughout the network. With the use of this
knowledge, sturdy equipment that can tolerate fault situations without malfunctioning can be
designed and chosen. Symmetrical fault analysis also makes it easier to evaluate the power
system's stability. The system encounters brief disturbances during a fault, which, if not
appropriately addressed, could cause instability. Engineers can assess the stability of the
system and find ways to improve its failure resilience by analyzing the fault behavior and the
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related fault currents. This entails developing suitable protective relaying schemes, utilizing
fault ride-through capabilities, and putting fault isolation and detection techniques into
practice.

Symmetrical faults are an important consideration in the engineering and analysis of power
systems. They enable engineers to assure system protection, gauge component stress, and
evaluate system stability by giving them insights into the behavior and responsiveness of
electrical networks under fault conditions. Engineers can choose wisely when it comes to
equipment ratings, protective relaying plans, and fault mitigation techniques by precisely
estimating fault currents and fault impedances. The development of more effective and
dependable power systems will result from ongoing research in symmetrical fault analysis,
which will ultimately improve the overall performance and resilience of electrical networks.

DISCUSSION
Limitations of fault current

The impedance of the system up to the point of fault limits the short-circuit current when it
happens at any point in a system. With reference to Fig. 2, the short circuit current from the
generating station will therefore have a value constrained by the impedance of the generator
and transformer as well as the line between the generator and the point of fault. This
demonstrates how crucial it is to understand the impedances of the various pieces of
machinery and circuitry that make up the system's line in order to accurately determine short-
circuit currents. Transformers, reactors, and generators are only a few examples of the
reactive impedances that frequently serve to reduce the fault current. Although cables and
lines are often resistive, the latter is typically ignored in computations where the overall
reactance is greater than three times the resistance. This assumption will result in an error that
is no greater than 5%.Figure 2 fault currents.
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Figure 2: Fault Currents.

Percentage reactance

In power system engineering, the term "percentage reactance" is used to describe how a
component or system reacts in relation to its rated value. Reactance describes the resistance
an electrical system or component provides to the flow of alternating current (AC) as a result
of its inductive or capacitive properties.To enable quick short circuit calculations, the
reactance of generators, transformers, reactors, etc. is typically given as a percentage. A
circuit's percentage reactance is described as follows: It is the portion of the circuit's overall
phase-voltage that is lost when the current is flowing at full load. Reactance is a key factor in
influencing how different parts, including transformers, generators, motors, and gearbox
lines, behave and operate in power systems. It has an impact on variables including
impedance, power factor, and voltage regulation. By dividing the reactance value by the rated
value and multiplying the result by 100 to express it as a percentage, the percentage reactance
can be obtained. It offers a uniform method for comparing the reactance values of various
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parts or systems, enabling engineers to weigh their relative impedance levels and make wise
choices throughout the design and analysis of systems.

Consider a transformer, for instance, with a rated reactance of X rated. The formula for
calculating percentage reactance, abbreviated as %X, is as follows:

%X = (X /X rarea)- 100

The %X reactance can also be computed for other parts or systems by multiplying the
reactance value by the appropriate rated value and then by 100. The %X reactance is helpful
when analyzing power systems in a variety of ways. Engineers can use it to assess the voltage
drop between reactive components, like inductors or capacitors, and comprehend how this
affects system performance. In fault circumstances, it also aids in assessing fault levels,
transient stability, and fault current distribution.

Additionally, power flow studies employ the percentage reactance to determine the voltage
drop and line losses using the reactance data. It is also taken into account when examining
how impedance affects power transfer efficiency and system voltage profiles. Engineers can
quickly compare and evaluate the relative impedance levels of various parts or systems by
expressing reactance as a percentage. It supports the development of effective and dependable
power systems, the choice of appropriate equipment ratings, and the assurance of proper
performance and operation under diverse operating circumstances.

Percentage reactance, which expresses how components or systems react in relation to their
rated values, is a useful statistic in power system engineering. In order to facilitate system
design, analysis, and decision-making processes, it enables standardized comparison and
evaluation of impedance levels. For a power system to run effectively and consistently,
percentage reactance must be understood and taken into account [4]-[6].

Base kVA

Kilovolt-ampere (kVA) base ratings are reference power ratings that are used to create a
standard scale for power system analysis. It offers a reliable foundation for representing
power numbers and facilitates comparisons between various parts or systems.Experiment (ii)
above makes obvious that a piece of equipment's % reactance is dependent on its kVA rating.
The various pieces of equipment utilized in the power system typically have varying kVA
ratings.

Finding the % reactance’s of each element on a shared kVA rating is therefore important. The
term "base k VA" refers to this usual k VA rating. It doesn't really matter what this base kVA is
worth; it might be equal to the capacity of the entire plant, equal to the size of the greatest
plant or any arbitrary value.

The following relation can be used to perform the conversion:
% age reactance at base kVA = (Base kVA/Rated kVA) x % age reactance at rated kVA

The size and properties of the power system under consideration are often used to determine
the base kVA. It is frequently set to a practical figure, such the system's greatest generator or
transformer's rating. The voltage level, system capacity, and anticipated power flow are some
of the variables that affect the base kVA choice. All power values in the system, such as
apparent power (S), actual power (P), and reactive power (Q), are stated in relation to the
base kVA once the base kVA has been established. This makes it possible to compare and
analyze power flows, losses, and system performance consistently.
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Engineers can quickly calculate power flow, analyze voltage profiles, and evaluate the
loading and performance of various components by utilizing a standard base kVA. It helps
efficient decision-making in areas like equipment sizing, voltage regulation, and power
system stability by simplifying system analysis. Base kVA and percentage reactance are
crucial ideas in power system analysis. In order to enable consistent comparison and
measurement of impedance levels, percentage reactance is employed to indicate the reactance
of components relative to a reference value. Base kVA creates a uniform scale for expressing
power quantities, enabling effective analysis and decision-making. Base kVA establishes a
common power rating for system analysis. Both ideas are essential to the design and analysis
of power systems, assuring their dependability and performance.

Short circuit kVA

The greatest amount of electrical power that may be given or absorbed during a short circuit
condition in a power system is measured in short circuit kVA, also known as short circuit
power or short circuit capacity. When an irregular current channel with very low impedance
is formed, a short circuit happens, causing an abrupt and excessive flow of electrical current.
Power system design, equipment rating, and coordination of protection depend heavily on an
understanding of the short circuit kVA. The available fault current during a short circuit can
increase to exceptionally high values in a matter of milliseconds. The impedance of the parts
of the power system and the power sources feeding the fault serve as a limit to the fault
current. The power sources, such as generators and transformers, as well as the impedance of
the connecting cables, busbars, transformers, and other parts, all affect how much short
circuit current is generated. The apparent power connected to the fault current is represented
by the short circuit kVA. It serves as a gauge for the most powerful current that can go
through the short circuit channel. Kilovolt-amperes (kVA) are commonly used to express the
short circuit kVA and to represent the power density. The source impedance and the available
fault current are factors to take into account when calculating the short circuit kVA.
Analyzing the electrical properties of the power system and the fault site will reveal the fault
current. The per-unit (pu) value, which is a normalized value in relation to a given base value,
is typically used to indicate the source impedance. The following formula can be used to get
the short circuit kVA:

Short circuit kVA = (Fault Current x Source Impedance) / 1000

To change the units from amperes (A) to kilovolt-amperes (kVA), the result is divided by
1000. In order to safeguard machinery and guarantee system dependability, protective relays
and circuit breakers are made to identify and isolate errors. To ensure that the downstream
devices perform within their designed limitations and provide selective fault isolation, it is
important to take the short circuit kVA into account when coordinating the settings of
protective devices. Additionally, short circuit kVA is essential for fault analysis and system
planning. It aids engineers in determining the distribution of fault current throughout the
network, assessing voltage dips or disturbances, and evaluating the effects of failures on
system components. This knowledge is essential for improving system stability, power supply
dependability, and performance optimization. Short circuit kVA is a crucial variable in the
design of power systems. It stands for the maximum amount of electricity that can pass
through a short circuit path when there is a failure. Fault current and source impedance must
be taken into account when calculating the short circuit kVA. System planning, protective
device coordination, and equipment rating all depend on an understanding of the short circuit
kVA. It guarantees optimal equipment selection and sizing, makes effective fault isolation
and detection possible, and adds to the overall dependability and stability of the power
system.
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Short circuit kVA = Base kVA x (100/%X)
Reactor control of short circuit currents

The fault level or the amount of power that can flow into a defect—is also increasing as a
result of the power system's rapid expansion. The power system's circuit breakers must be
able to handle the highest short-circuit currents that can occur at their places of connection.
Under fault situations, the system's reactance is typically low, and fault currents can increase
to dangerously high levels. If no action is done to reduce the magnitude of these short-circuit
currents, damage to lines and other equipment will probably happen in addition to an
extremely severe duty load placed on circuit breakers.

Additional reactance known as reactors are connected in series with the system at appropriate
points in order to limit the short-circuit currents to a value that the circuit breakers can
manage. A coil with many turns that is intended to have a high inductance relative to its
ohmic resistance is called a reactor. These reactors' turns are subjected to significant stresses
in short-circuit situations, so the windings need to be firmly supported. It should be noted that
the efficiency of the system barely changes as a result of the extremely low reactor resistance.

Advantages:

(1) Reactors prevent equipment from overheating and failure brought on by destructive
mechanical forces by restricting the flow of short-circuit current.

(i1) Problems are contained or isolated at the point of origin, preventing them from spreading
to trouble other components of the power system. This raises the likelihood of supply
stability.

(ii1) They make it possible to install circuit breakers with lower ratings.
Locations of reactor

The following connections are possible for short circuit current limiting reactors: (i) in series
with each generator, (ii) in series with each feeder, and (iii) in bus-bars. It is impossible to say
for sure which of the aforementioned locations is best because each installation has unique
requirements that must be carefully taken into account before a decision about the location of
the reactor can be made [7]-[10].

Generator reactor

Generator reactors are reactors that are connected in series with each generator (see Figure 3).
In this scenario, the reactor might be thought of as a component of the generator's leakage
reactance; as a result, its purpose is to safeguard the generator in the event of any short circuit
outside of the reactors.

Disadvantages:

(1) Even when the reactors are operating normally, there is a continual voltage drop and
power loss.

(i1) The voltage at the bus-bar will be decreased to a low value if a feeder or bus-bar defect
occurs close to the bus-bar, which will cause the generators to lose sync.

(i11) The continuity of supply to other feeders is likely to be impacted if a fault develops on
any of them.
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Figure 3: Location of Generator Reactor.

It is uncommon to employ separate reactors for the generators because of these drawbacks
and the fact that modern power plant generators have sufficient big leakage reactance to
protect them against short-circuit.

Feeder reactors

The reactors are referred to be feeder reactors when they are connected in series with each
feeder (see Fig.4). Since feeders are the location of the majority of short-circuits, several
reactors are utilised in these circuits. Feeder reactors are said to have two key benefits. First
off, there is a slight risk for the generator to lose synchronism if a defect occurs on any feeder
because the voltage drop in its reactor will not affect the bus-bars voltage. The impacts of the
malfunction are localised because the fault on one feeder won't affect other feeders.
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Figure 4: Feeder reactor

Disadvantages

(1) Even while the reactors are operating normally, there is a continual power loss and voltage
decrease.

(i1) The generators are not protected in the event of a short circuit at the bus bars. However,
since these failures are uncommon and modern generators have significant leakage reactance,
they can sustain short-circuits across their terminals.
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(ii1) In order to keep the short-circuit currents within the ratings of the feeder circuit breakers,
the size of the feeder reactors must be increased if the number of generators is increased.

Bus-bar reactors

The drawback of the two approaches mentioned above for locating reactors is that, even
when the reactors are operating normally, there is a significant voltage drop and power loss.
The reactors can be put in the bus-bars to get over this drawback. There are two approaches
for doing this: the Ring system and the Tie-Bar system.

Ring system

As shown in Fig. 5, the bus-bar in this system is divided into portions that are connected by
reactors. One feeder is typically fed solely by one generator. Each generator will typically
serve its own portion of the load during normal operation, with relatively little power coming
from other generators.

As a result, the reactors have minimal power loss and voltage drop. The system's main benefit
is that if a problem develops on any feeder, only one generator (to which that particular
feeder is linked) will be affected.As a result, the reactors have minimal power loss and
voltage drop.

However, the system's fundamental benefit is that, in the event of a feeder fault, just one
generator the one to which the particular feeder is connected primarily supplies the fault
current, while the current supplied by other generators is little because to the presence of
reactors. Consequently, only that portion of the bus bar is impacted. The other portions can
function normally while the section to which the feeder is linked.
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Figure 5: Ring System Busbar Reactor
Tie-Bar system

The tie-bar system is depicted in Fig. 6. When comparing the ring system and tie-bar system,
it is obvious that the tie-bar system essentially uses two reactors in series between sections,
meaning that the tie-bar system's reactors must have around half the reactance of the ring
systems. Another benefit of the tiebar system is that more generators can be added without
requiring modifications to the current reactors. The drawback of this technique is that it
necessitates the use of a tie-bar, which is an additional bus-bar.
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Steps for symmetrical fault calculation

As mentioned earlier, 3-phase short-circuit failures produce symmetrical fault currents,
meaning that the fault currents in the three phases are identical in amplitude but spaced 120
degrees apart electrically. As a result, issues involving these flaws can be resolved by
focusing only on one phase as the identical circumstances exist in the other two stages. The
steps below make up the technique for fixing such errors:

(i) Create a single-line diagram of the entire network, noting each component's rating,
voltage, and percentage reactance.

(i) Convert all % reactances to a base kVA value that is convenient from a numerical
standpoint.

(iii) Create the reactance diagram, displaying one phase of the system and the neutral, in
accordance with the network's single-line diagram. In the reactance diagram, indicate the
percent reactances on the base kVA. A reactance in series should be used to represent the
transformer in the system.

(iv) Determine the network's overall percentage of reactance up to the point of fault. Make it
X%.

(v) Determine the normal system voltage at the failure point and the full-load current that
corresponds to the chosen base kVA. Let me do it.

The following short-circuit calculations are then made:
Short-circuit current, Isc= 1 x (100/%X)
Short circuit kVA = Base kVA x (100/%X)
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Figure 6: Tie Bar Type Busbar Reactor
CONCLUSION

In conclusion, symmetrical fault simulations are essential to power system engineering
because they let engineers examine how electrical networks behave when there is a
symmetrical problem. Engineers can assess the effect of faults on system components,
evaluate protection methods, and guarantee system stability by precisely estimating fault
currents and fault impedances. For scholars and practitioners in the field, the techniques and
equations described in this work serve as a solid foundation for performing symmetrical fault
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computations. Continued study in this field will improve our comprehension of how power
systems behave during breakdowns and support the creation of electrical networks that are
more dependable and efficient. For many parts of power system engineering, understanding
short circuit kVA is crucial. First and foremost, it's important for rating and choosing
equipment. Circuit breakers, transformers, cables, and bus bars are examples of electrical
equipment that must be capable of withstanding the short circuit current and related thermal
and mechanical stresses. Engineers may make sure that equipment is adequately sized and
rated to manage the fault conditions by calculating the short circuit kVA. Second,
coordination of protective device is done via the short circuit kVA.
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ABSTRACT:

Electrical failures known as asymmetrical faults take place when the fault current is not
distributed equally throughout the three phases of a power system. Numerous things, such a
malfunction on a single phase or a system imbalance, might contribute to this. To preserve the
stability and dependability of the electrical grid, power system engineers must have a
thorough understanding of the behavior of unsymmetrical problems. An overview of
asymmetrical defects is given in this chapter, along with information on how they might be
mitigated. The examination of symmetrical faults, such as those where all three lines short-
circuited (L - L - L) or when all three lines short-circuited with an earth connection at the
fault (L-L-L-G), was the exclusive focus of the preceding chapter. Such a defect results in
symmetrical fault currents, which are fault currents that are equally large and spaced by 120
degrees electrically apart in the three lines. Even while symmetrical faults are the most severe
and place a great burden on the circuit breakers, they may still be fairly easily investigated.
Because the other two phases' characteristics are comparable, calculations can only take into
account one phase of the problem due to its balanced nature.

KEYWORDS:

Sequence Current, Sequence Impedances, Symmetrical Component Method, Unsymmetrical
Fault.

INTRODUCTION

The vast majority of power system failures are asymmetrical in origin, with short circuits
from one line to ground constituting the most frequent type. Such a fault results in
unsymmetrical currents, meaning that the magnitude of the fault currents in the three lines is
varied and has an uneven phase displacement, when it occurs. When an unsymmetrical fault
occurs, the currents and voltages are calculated using a process known as the method of
symmetrical components. We will concentrate on the analysis of asymmetrical faults in this
chapter [1]-[3].

Unsymmetrical fault

Electrical problems of the unsymmetrical variety, which can disrupt power systems and
possibly harm them, can happen. Unsymmetrical faults cause an uneven distribution of fault
current throughout the three phases of the power system, in contrast to symmetrical faults,
which include equal fault currents in all three phases. These faults may be brought on by a
fault on a single phase, a fault from phase to phase, or a system imbalance, among other
things. When a defect, like a short circuit or ground fault, happens in a power system, fault
currents are produced. Electrical loads are evenly distributed throughout the three phases
during normal operation, and each phase's current flow is constant. The fault current,
however, deviates from this balanced state when an asymmetrical fault develops, which could
cause problems for the system.
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Phase-to-ground faults, which occur on a single phase, are a frequent source of
unsymmetrical faults. When a fault, such as a short circuit, forms between one phase and the
ground, this occurs. The imbalance between the faulted phase and the other two phases
results from the fault current in this instance flowing from the phase conductor to the ground.
This imbalance may result in voltage spikes or dips, which may cause instability and perhaps
harm equipment. A phase-to-phase fault is another kind of unsymmetrical defect in which a
fault develops between two phases. This may occur as a result of insulation failure or flaws in
machinery like transformers or gearbox lines. The overall balance of the system is impacted
by phase-to-phase faults because they cause an uneven distribution of fault current among the
relevant phases.

Unsymmetrical faults can also be caused by power system imbalances like uneven impedance
or unbalanced loads.

Uneven current distribution across the phases brought on by these imbalances might result in
voltage swings and even endanger sensitive equipment. Unsymmetrical flaws can have
serious and extensive repercussions. Voltage imbalances brought on by these problems can
result in overvoltages or undervoltages, which have an impact on the functionality and
durability of electrical equipment.

Unbalanced fault currents have the ability to damage equipment and disrupt systems by
mechanically stressing transformers, generators, and other components. Unsymmetrical
failures can also activate circuit breakers and protection relays, which isolate the affected area
of the electrical system and lessen the impact on the remainder of the network.

In power systems, a number of strategies are used to lessen the effects of unsymmetrical
failures. These consist of monitoring and control mechanisms for the system as well as
protective relaying systems that isolate and identify faults and fault current limitation devices
that scale back the amount of fault currents. In addition, current studies and improvements in
fault analysis and protection technologies are intended to speed up fault clearance and lessen
system impact by enhancing protective device detection and reaction times. Unsymmetrical
errors make it difficult for electricity systems to function.

These errors may result in voltage and current imbalances, as well as a risk of equipment
damage or system instability. For power system engineers to guarantee the dependability and
stability of the electrical grid, it is essential to understand the sources and effects of
unsymmetrical faults. The resilience and performance of power systems can be improved,
ensuring that customers will always have access to electricity, by deploying efficient
mitigation strategies and upgrading fault diagnosis and protection technologies.

Unsymmetrical faults on the power system are those that result in unsymmetrical fault
currents, or unequal fault currents in the lines with unequal phase displacement. The currents
in the three lines become asymmetrical when an unsymmetrical fault occurs, and the phase
displacement between them also changes. It should be highlighted that only the fault itself
and the accompanying line currents fall under the definition of "unsymmetry." However,
through its primary components, such as generators, transmission lines, synchoronous
reactors, etc., the system impedances and the source voltages are always symmetrical.
Unsymmetrical faults in a power system can happen in one of three ways. Line-to-line fault
(L — L), line-to-ground fault (L — G), and double line-to-ground fault (L — L — G) are
examples of line-to-ground faults.Kirchhoff's rules or the approach of symmetrical
components can both be used to solve unsymmetrical fault situations. The latter approach is
recommended for the following explanations:
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(1) It is an easy method that gives fault performance studies additional generality.

(i) It gives protection engineers a vital tool, especially when it comes to tracing out fault
currents.

DISCUSSION

Symmetrical component method: Using a balanced system of 3-phase currents with a positive
(or normal) phase sequence, Dr. C.L. Fortescue, an American physicist, demonstrated in 1918
that any unbalanced system of 3-phase currents (or voltages) may be considered as being
composed** of three different sets of balanced vectors. Positive phase sequence components
are what they are known as a balanced system of three-phase currents with the opposite or
reverse phase sequence. The negative phase sequence components are those a system of three
equal-amplitude currents with no phase displacement. The components of a zero-phase
sequence are known as these. The symmetrical components of the initial unbalanced system
are the positive, negative, and zero phase sequence elements. The imbalanced three-phase
system has been reduced to three sets of balanced (or symmetrical) components, therefore the
word "symmetrical" is suitable.

Positive, negative, and zero phase sequence components are often denoted by the subscripts
1, 2, and 0, respectively. For instance, IR0 denotes the current in the red phase's zero phase
sequence component. [Y1 also denotes the positive phase sequence component of the yellow
phase current.

The symmetrical component approach can be used to analyse and calculate unsymmetrical
defects in power systems. By using this technique, we may convert an unsymmetrical fault
into a collection of symmetrical faults, which makes it simpler to evaluate and ascertain the
fault currents and voltages. We will describe how to calculate unsymmetrical faults using the
symmetrical component method in this explanation.

Step 1: First, change the fault from unsymmetrical to symmetrical.

Using the positive, negative, and zero sequence components, the unsymmetrical fault is first
transformed into a collection of symmetrical faults. These elements stand in for the system's
symmetrical equilibrium.

We require the system's sequence network models in order to perform this conversion. These
models provide impedances, reactances, and currents for all system elements, including
generators, transformers, and transmission lines, in the positive, negative, and zero sequence.
The majority of the time, manufacturers offer these sequence network models, but system
investigations can also yield them.

Step 2: Determine the fault currents in the positive, negative, and zero sequences.

We can determine the positive, negative, and zero sequence fault currents when the
unsymmetrical fault is converted into symmetrical faults. Each sequence illustrates a certain
system fault condition.

The positive sequence fault is a fault in which the fault impedance is the same for all three
phases. Taking into account the positive sequence impedances of the system components, the
positive sequence fault current can be computed using Ohm's law. I1 stands for the positive
sequence fault current.A problem with the same fault impedance in all three phases but
opposite polarity is known as a negative sequence fault. The positive sequence impedances
and Ohm's law can also be used to determine the negative sequence fault current, abbreviated
as I2.
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A defect in which all three phases are shorted concurrently is known as the zero sequence
fault. The zero sequence impedances and Ohm's law can be used to determine the zero
sequence fault current, abbreviated as 10.

Step 3: Determine the total fault current in step three.

We must add the positive, negative, and zero sequence fault currents to get the total fault
current. The various sequence currents can be added together to get the total fault current,
indicated as Ia: Ia =11 + 12 + I0.

Step 4: Calculate the fault voltages in step four.

We can determine the fault currents and then compute the fault voltages. Using the
corresponding fault currents and the positive, negative, and zero sequence impedances, the
fault voltage may be determined. Ohm's law provides the fault voltage for each phase: Vf =
Zf * If, where If is the associated fault current, Zf is the fault impedance, and Vf is the fault
voltage.

Step 5: Analyse the fault conditions in step five.

We can examine the system's behavior under the unsymmetrical fault situations after
calculating the fault currents and voltages. The system's response to the fault, including
voltage dips, current magnitudes, and potential equipment stresses, can be inferred from the
fault currents and voltages.

Power system engineers can analyse and compute unsymmetrical defects in an organized and
effective manner by employing the symmetrical component approach. This approach helps
with the design and operation of protective relaying systems and enables a deeper knowledge
of fault conditions [4]-[6].

The symmetrical component method presupposes balanced system circumstances both before
and after the defect, which is an important point to remember. For failures that do not involve
complicated system configurations or are not too close to the system boundaries, it gives
accurate results. Greater system asymmetry or intricate network topologies may need the use
of more sophisticated methodologies for accurate fault analysis.

The symmetrical component approach is a potent instrument for calculating and deriving the
unsymmetrical defects in power systems, in conclusion. Engineers can determine fault
currents and voltages by converting the unsymmetrical fault into a set of symmetrical faults
and using the principles of symmetrical components. This allows them to design efficient
protective relaying systems and ensure the dependability and stability of the electrical grid.

Operator ‘a’

It is desirable to develop an operator that should induce a 1200 rotation because the
symmetrical component theory includes the idea of 1200 displacement in both the positive
and negative sequence sets. Operator 'a' is used for this purpose (sometimes, 'h' or " are used
in place of 'a"). It is described as follows:

When multiplied by a vector, the operator 'a' of one spins the vector through 120 degrees
anticlockwise.

Think about a vector I represented by the OA in Figure 1 as an example. The vector is rotated
through 120 degrees anticlockwise and takes up position OB if this vector is multiplied by
operator 'a'. Figure 1 operator ‘a’



Overview on Fault Analysis

al=T12120°

=1 (cos 120° + j sin 120°)
=1(0-5+;0-866)

a= 0-5+;0-866 ... (i)

L Sae 120 :
120@ > A

Figure 1:Operator ‘a’

If the vector assuming position OB is multiplied by operator ‘a’, the vector is further rotated
through 120° in the anticlockwise direction and assumes the position OC.

~a2l =1 £240°

= I (cos 240° + j sin 240°)
=1(-0-5-70-866)

a2 =-0-5-j0-866 ... (ii)

Thus the operator ‘a2’ will turn the vector through 240° in the anticlockwise direction. This is
the same as turning the vector through 120° in clockwise direction.

~a2 l=12-120°
Similarly, a31 =1 £360°
=1 (cos 360° + j sin 360°)
~a3=1

Sequence Impedance

In power system analysis, particularly in fault analysis and system protection, sequence
currents are a crucial topic. Engineers can use them to comprehend and assess how
unbalanced or asymmetrical faults in electrical power networks behave. We shall discuss
sequence currents and their importance in power system analysis in this explanation.
Sequence currents are the currents that go through the parts of the power system when it is
not balanced. These imbalanced circumstances may result from system imbalances brought
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on by unbalanced loads or asymmetrical system setups, or they may result from faults like
phase-to-phase or phase-to-ground faults.

Using the idea of symmetrical components, unbalanced fault behaviour is analysed.
Unbalanced quantities can be mathematically represented by symmetrical components by
breaking them down into three sets of balanced or symmetrical components: the positive
sequence, the negative sequence, and the zero sequence. The balanced aspect of the fault or
unbalanced situation, where the currents in all three phases have the same amplitude and
phase relationship, is represented by the positive sequence component. The subscript 'l'
designates it. When the load is balanced, positive sequence currents are commonly employed
to illustrate the normal operating circumstances in power systems. The unbalanced portion of
the fault or unbalanced situation is represented by the negative sequence component, where
the currents in all three phases have the same amplitude but are 180 degrees out of phase with
one another. The subscript 2' designates it. When there are system asymmetries or phase-to-
phase defects, negative sequence currents frequently develop.

The unbalanced portion of the fault or unbalanced state, where the currents are equal in size
and phase in all three phases, is represented by the zero-sequence component. The subscript
‘0" serves to identify it. Zero sequence currents frequently happen during phase-to-ground
faults or in the presence of unbalanced loads. Engineers can examine the behaviour of the
power system under imbalanced conditions because each sequence component has its own
magnitude and phase connection. Engineers can compute and assess the quantity and
direction of currents flowing in power system components during faults or imbalanced
conditions by breaking the currents down into positive, negative, and zero sequence
components. Sequence currents are crucial for system protection and fault diagnosis.
Protective relays are in charge of locating and isolating the affected area of the electrical
system during a fault. To make precise decisions, assure the safety of the equipment, and
maintain system stability, these relays rely on the analysis of sequence currents. Protective
relays can detect the presence of a fault and correctly classify the fault type, such as phase-to-
phase or phase-to-ground faults, by closely monitoring the magnitude and phase angle of
sequence currents. This information is essential for selecting the best course of action to stop
future damage and maintain the stability of the power system, such as opening circuit
breakers or isolating faulty areas.

Finally, sequence currents are crucial for fault analysis and system protection in power
system analysis. Engineers can comprehend and assess the behaviour of currents in power
system components during faults or unbalanced conditions by breaking up unbalanced or
asymmetrical conditions into positive, negative, and zero sequence components. Designing
efficient protection plans and ensuring the dependability and stability of electrical power
systems require this expertise.

Some facts about sequence currents

Now that readers should be aware of the following information concerning positive, negative,
and zero phase sequence currents:

(1) A balanced three-phase system only includes positive sequence components, with zeros
representing the negative and zero sequence components.

(i) The existence of negative or zero sequence currents in a three-phase system creates
unsymmetry and is a sign that the circuit in which these components are found is not
functioning normally.
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(ii1) In an unbalanced three-phase system, the vector sum of the positive and negative
sequence currents is zero. The only components of the resultant are three zero sequence
currents, 1.e.

In a three-phase unbalanced system, the vector sum of all sequence currents = Iro+ Iyo+ Iso

(iv) The magnitude of the zero sequence components in a three-phase, four-wire unbalanced
system is equal to one-third of the current flowing through the neutral wire, or zero sequence
current = 1/ 3[Neutral wire current.

In a three-phase system without a channel through the neutral, the neutral current is zero and
there are no zero-sequence components in the line currents. A load that is delta-connected
offers no path to the neutral and cannot have any zero-sequence components in the line
currents that are flowing to it.

(v) The magnitude of the negative sequence components in a three-phase unbalanced system
cannot be greater than the magnitude of the positive sequence components. The phase
sequence of the resulting system would be reversed if the negative sequence components
were larger.

(vi) A single phase load connected to a three-phase system draws an equal amount of positive,
negative, and zero sequence current.

Sequence impedances

The behaviour of electrical networks under unbalanced or asymmetrical situations can be
predicted using the fundamental idea of sequence impedance, which is used in power system
analysis. It speaks of the impedance values connected to a power system's positive, negative,
and zero sequence components. It's crucial to first understand the idea of symmetrical
components in order to comprehend sequence impedance. A mathematical foundation for
analysing imbalanced circumstances in power networks is provided by symmetrical
components. They divide imbalanced numbers into positive sequence, negative sequence, and
zero sequence, which are each set of three balanced components.

The system's positive sequence component's observed impedance is represented by the
positive sequence impedance (Z1). It is the impedance that is observed when currents have
the same magnitude and phase relationship when flowing in all three phases. For the purpose
of examining balanced or typical operating circumstances in a power system, the positive
sequence impedance is essential.

The system's negative sequence component's observed impedance is represented by the
negative sequence impedance (Z2). It is the impedance that is observed when currents have a
phase shift of 180 degrees between them while still flowing in all three phases with the same
magnitude. When analysing the effects of imbalanced faults or asymmetrical system
topologies, the negative sequence impedance is important [7]-[10].

The system's zero sequence component's measured impedance is represented by the term
"zero sequence impedance" (Z0). It is the impedance that can be noticed when currents have
identical magnitude and phase relationships in all three phases. When analysing failures
involving ground faults or unbalanced loads, the zero-sequence impedance is particularly
crucial.

The equipment makers normally supply the sequence impedances, or system studies and tests
can be used to determine them. They are shown as complicated values that include elements
of both reactance and resistance. Real power losses are represented by the resistance
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component, whereas the reactive power flow is represented by the reactance component.
Numerous elements of power system analysis, such as fault analysis, system protection, and
system stability studies, involve sequence impedances. Engineers can use them to determine
fault currents, voltage drops, and power flow when there is an imbalance or a fault. Designing
protective relaying systems, synchronising circuit breakers, and assuring the stability and
dependability of power systems all depend on this information.

Sequence impedances can also be used to analyse the impacts of unbalanced loads, spot
potential voltage imbalances, and gauge how well the system can operate under asymmetrical
situations. Engineers may decide wisely about equipment ratings, system design, and voltage
regulation by understanding the sequence impedances. It's vital to remember that significant
power system elements like generators, transformers, and transmission lines often have
sequence impedances available. Depending on the system's setup and operating
circumstances, these impedance values may change. Therefore, exact analysis and simulation
of the behaviour of the power system depend on proper representation and modelling of the
sequence impedances. Sequence impedance is a key idea in power system analysis that aids
in predicting how electrical networks would behave under asymmetrical or unbalanced
conditions. It stands for the impedance that the positive, negative, and zero sequence parts of
the system have detected. For fault diagnosis, system protection, and ensuring the stability
and dependability of power systems, it is essential to comprehend sequence impedances.

Sequence impedances of power system elements

When determining the fault currents in a 3-phase unbalanced system, the idea of impedances
of various power system components (such as generators, transformers, transmission lines,
etc.) to positive, negative, and zero sequence currents is crucial. Although a thorough
examination of this subject is outside the purview of this book, a quick introduction might be
helpful. We'll focus on the following three major pieces of gear:

Synchronous generators, Transformers, and Transmission Lines are just a few examples.

(1) Synchronous generators: Rotating machines typically have distinct impedances for the
positive, negative, and zero sequences. A synchronous generator's positive sequence
impedance is the same as the machine's synchronous impedance. Compared to the positive
sequence impedance, the negative sequence impedance is significantly lower. Since the zero
sequence impedance is a variable item, it can be presumed to be equal to the positive
sequence impedance in the absence of a value. In essence:

Negative sequence impedance < Positive sequence impedance
Zero sequence impedance = Variable item
= may be taken equal to +ve sequence impedance if its value is not given

(i) Transformers: Because they have the same impedance with reversed phase rotation,
transformers' positive and negative sequence impedances are also equal, with the
transformer's impedance serving as the reference point. However, the earth connection
determines the zero sequence impedance. Zero sequence impedance will equal positive
sequence impedance if there is a through circuit for earth current; otherwise, it will be
infinite. In essence,

Positive sequence impedance = Negative sequence impedance

= Impedance of Transformer
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Zero sequence impedance = Positive sequence impedance, if there is circuit for earth current
= Infinite, if there is no through circuit for earth current.

Transmission lines: The impedance of a line in both the positive and negative directions is the
same; this value corresponds to the line's natural impedance. This is to be expected as the
constants of the line are unaffected by the currents' phase rotation. However, compared to the
positive or negative sequence impedance, the zero sequence impedance is typically
significantly higher.

In essence:

Positive sequence impedance = Negative sequence impedance

= Impedance of the line

Zero sequence impedance = Variable item

= may be taken as three times the +ve sequence impedance if its value is not given.
CONCLUSION

Power system operation is significantly hampered by asymmetrical defects. They may result
in voltage and current imbalances, which may damage equipment or result in system
instability. To reduce the effects of asymmetrical faults, effective mitigation strategies are
crucial. These methods include protective relaying systems, fault current limiting devices,
and fault detection and isolation. Power system engineers can increase the electrical grid's
resilience and dependability and guarantee uninterrupted power distribution to consumers by
putting in place the right protection and control mechanisms. The complexity of
unsymmetrical faults must be addressed, and power system performance must be increased,
through additional study and improvements in fault analysis and protection technology.
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ABSTRACT:

If improperly analyzed and handled, unsymmetrical faults in power systems can cause serious
interruptions and damages. In this chapter, unsymmetrical faults are examined in terms of
their causes, traits, and impacts on different parts of the power system. The chapter provides
effective mitigation measures and uses simulation tools to examine how the power system
behaves under unsymmetrical fault scenarios. The findings help to build more effective and
reliable power system protection methods by illuminating the effects of asymmetrical faults.
If improperly analyzed and handled, asymmetrical faults in power systems can cause serious
interruptions and damages. This essay provides a thorough examination of unsymmetrical
faults, emphasizing their causes, traits, and impacts on different parts of the power system.
The paper provides effective mitigation measures and uses simulation tools to examine how
the power system behaves under unsymmetrical fault scenarios. The findings help to build
more effective and reliable power system protection methods by illuminating the effects of
asymmetrical faults.

KEYWORDS:

Double Line to Ground Fault, Line to Line Fault, Power System Components, Single Line to
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INTRODUCTION

For the purpose of ensuring a steady supply of electricity, power systems must operate with
extreme reliability. But problems can happen for a number of causes, such as faulty
machinery, lightning strikes, or outside disruptions. Stability of the power system is
particularly challenged by unsymmetrical faults, which entail imbalances in phase currents or
voltages. Unsymmetrical faults are defined in this section, along with their importance in
power system analysis. The paper's goals and scope are presented, highlighting the
importance of a detailed examination of unsymmetrical faults and their effects on various
parts of the power system3.

Causes and characteristics of unsymmetrical faults

When there is an imbalance in phase currents or voltages during a fault condition,
unsymmetrical faults in power systems happen. These flaws have unique traits and can be
brought on by a number of causes. For the analysis of unsymmetrical faults' effects on power
system components and the creation of successful mitigation techniques, it is essential to
comprehend their causes and features. The causes and traits of unsymmetrical errors in power
systems are briefly discussed in this section [1]-[3].

Unsymmetrical Faults' Causes

Line-to-Line Faults: Due to insulation failure or device problems, line-to-line faults happen
when two phases of an electrical system come into contact. An unsymmetrical fault state may
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emerge from an imbalance in the currents passing through the faulted phases as a result of
this. Phase-to-Phase Faults: A fault that occurs between two phases without going through the
earth is referred to as a phase-to-phase fault. Equipment malfunctions, such as phase-to-phase
short circuits, or environmental causes like lightning strikes can result in these issues.

Ground Faults: When a fault forms between one or more phases and the ground, it is known
as a ground fault. Failures in the insulation, issues with the machinery, or unintentional
contact between a phase conductor and a grounded object can all cause this. In a three-phase
system, failures in the neutral conductor can also cause ground faults.

Unsymmetrical fault characteristics

Voltage Imbalance: Phase voltage imbalance is brought on by asymmetrical faults. While the
voltages in the healthy phases are mostly unaffected, the faulty phases may see a drop in
voltage. Issues including flickering lights, voltage instability, and possible equipment damage
can result from this voltage imbalance.

Unbalanced Currents: During asymmetrical faults, the currents in the healthy phases and the
faulted phases aren't the same. This current imbalance may cause the equipment to be loaded
unevenly and expose conductors and transformers to significant thermal stress. Additionally,
it may impair the effectiveness of safeguards, making fault isolation and detection difficult.

Negative Sequence Components: Systems with asymmetrical faults frequently contain
negative sequence components. Generators and transformers may get more heated as a result
of negative sequence currents and voltages, which have a frequency that is twice that of the
system (60 Hz in a system with a 120 Hz frequency). Additionally, they can cause torque
imbalances in rotating machinery, which might compromise their performance and stability.

Transient Effects: High fault currents and voltage transients are just two examples of
transient phenomena that can result from asymmetrical faults. These transients can put a lot
of strain on the equipment, potentially causing mechanical forces, insulation breakage, and
damage to power system components.

Impact on Protection Devices: Unsymmetrical faults present difficulties for protective
devices, which are in charge of finding and isolating faults. Examples of protective
equipment include relays and circuit breakers. The improper operation of protective devices
may result in prolonged fault clearing periods or erroneous tripping choices due to the
unbalanced currents and voltages that occur during asymmetrical faults.

Power system engineers can effectively assess the effects of unsymmetrical faults on system
components by understanding their causes and characteristics. This information is crucial for
constructing protective schemes that can efficiently detect and isolate unsymmetrical faults,
minimizing their detrimental effects on power systems, as well as for devising suitable
mitigation techniques.

Impact of unsymmetrical faults

Power systems are susceptible to unsymmetrical errors, which can have a major impact on a
number of system components. These defects, which are indicated by imbalances in phase
currents or voltages, can result in mechanical pressures, heat stress, insulation degradation,
and probable equipment failure. For determining the severity of unsymmetrical faults and
creating efficient mitigation plans, it is essential to comprehend their effects on the various
power system components. The impact of unsymmetrical faults on generators, transformers,
transmission lines, and distribution systems is examined in this section.
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Generators: Within the power system, asymmetrical faults can have a negative impact on
generators. Unbalanced loading of the generator windings may come from faults' uneven
currents and voltages. Due to thermal stress and overheating brought on by this imbalanced
loading, the insulation may become damaged and the generator's lifespan may be shortened.
Additionally, the imbalanced currents and torques may put the rotor under mechanical stress,
perhaps leading to mechanical failure. Additionally, additional heating in the generator
windings and instability issues might result from the existence of negative sequence
components during asymmetrical faults.

Transformers: Unsymmetrical defects can negatively affect the operation of transformers,
which are essential parts of power systems. Unsymmetrical failures can result in uneven
heating of the transformer windings due to unbalanced currents and voltages. Thermal stress
and insulation degradation may result from this uneven heating. The consequent rise in
temperature has the potential to speed up the transformer's ageing process, shorten the life of
its insulation, and raise the likelihood of insulation failure. Unbalanced magnetic fields inside
the transformer can also be caused by asymmetry flaws, which can result in mechanical
forces and possible mechanical breakdowns. Further escalating the thermal and mechanical
strains is the ability of negative sequence components to produce extra circulating currents in
the transformer windings.

Transmission lines: Transmission lines, which are in charge of transporting electrical power
across large distances, are susceptible to asymmetrical faults. Unbalanced currents and
voltages during failures might result in an unbalanced load on the transmission line
conductors. This imbalanced loading may subject the conductors to thermal stress, which
could result in overheating and eventual conductor breakdown. The mechanical integrity of
the gearbox line may also be impacted by temperature stress, raising the possibility of
sagging or mechanical deformation. The magnetic forces that the imbalanced currents can
create between the conductors can also cause mechanical vibrations, which could potentially
harm the line's structural elements.

Distribution Systems: Distribution systems, which provide electricity to end customers, can
be significantly impacted by asymmetrical faults. These problems may result in imbalanced
voltages at distribution substations, which could have an impact on the supply's quality and
dependability. The imbalanced voltages can cause voltage sags or dips in the affected phases,
which can lead to flickering lights, malfunctions in delicate machinery, and possible
interruptions in industrial processes. Unbalanced loading on distribution feeders caused by
asymmetrical faults can put a thermal strain on the conductors and distribution transformers.
Thermal stress can cause overheating, deterioration of insulation, and probable equipment
failures in the distribution system. Unsymmetrical errors can have wider consequences on the
stability and overall dependability of the power system in addition to their unique effects on
individual components. Due to the imbalanced currents and voltages created by faults,
sensitive loads may function poorly, and possible widespread blackouts may result. Transient
disturbances and voltage fluctuations caused by asymmetrical faults can also affect the
performance of the power system's safeguards, control mechanisms, and communication
networks. Overall, thermal stress and insulation damage, mechanical forces, and potential
breakdowns can all be caused by unsymmetrical defects in power system components. To
create efficient mitigation techniques and assure the dependable operation of power systems,
it is essential to precisely analyse these consequences. To reduce the negative impacts of
asymmetrical faults and maintain the stability and resilience of power systems, it is crucial
that protective devices are properly coordinated with fault detection algorithms and that fault
isolation is done as soon as possible.
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Strategies for Unsymmetrical Fault Mitigation

For unsymmetrical disturbances to have as little negative impact on power systems as
possible and for electrical grids to operate reliably, mitigation methods are essential. These
tactics entail the use of safeguards, coordination plans, fault detection algorithms, and
grounding methods. This section examines various unsymmetrical fault mitigation
techniques, outlining their advantages and drawbacks.

Protective Devices: Relays and circuit breakers are examples of protective devices that are
essential in identifying and isolating unsymmetrical problems. These gadgets are made to
keep an eye on the voltages and currents in the power system and take the proper steps when
fault circumstances are found. Protective devices must be able to recognize imbalances in
current or voltage and react swiftly to mitigate unsymmetrical problems.

a) Difference Protection: Differential protection is frequently used to find internal
problems in generators, transformers, and motors all parts of the power system.
Comparing the currents entering and leaving the protected component is how it
works. Differential relays can examine the variations in phase currents to find
unsymmetrical defects. Differential protection is very good at finding and isolating
asymmetrical problems, but to prevent false tripping, other protective devices must be
coordinated.

b) Distance Protection: Distance protection plans rely on calculating the transmission
lines' impedance and comparing it to predetermined values. By examining the
alterations in line impedance brought on by the fault, they can identify and isolate
asymmetrical faults. Transmission systems frequently include distance relays, which
are efficient at finding asymmetrical defects. To prevent malfunctions, nevertheless,
precise settings and synchronization with other safety measures are essential.

¢) Overcurrent Protection: To safeguard feeders and distribution transformers,
overcurrent relays are frequently used in distribution systems. These relays work by
gauging the current's strength and comparing it to predetermined criteria. By keeping
an eye on the imbalances in phase currents, overcurrent protection can identify
asymmetrical flaws. To ensure dependable operation, however, proper settings and
coordination with other safety measures are required [4]-[6].

Coordination Schemes: In unsymmetrical fault settings, coordination schemes are crucial for
ensuring the proper operation of protective devices. For protective devices to assure selective
fault clearance and avoid unneeded tripping, coordination entails setting the proper time-
current curves.

a) Time-Graded Coordination: Time-graded coordination is the configuration of
protection devices with various time-current properties. With this system, the
protective device nearest to the issue is guaranteed to activate first, allowing the fault
to be cleared without unnecessarily tripping additional protective devices.
Coordination that is time-graded is essential to guaranteeing effective problem
clearing and minimizing power system interruption.

b) Zone-Selective Interlocking (ZSI): Zone-Selective Interlocking (ZSI) is a
coordinating method that uses interconnected safety equipment to communicate in
order to isolate certain faults. ZSI enables devices in various zones to collaborate and
work in a selected manner, allowing for quicker fault clearing. This coordination
method lessens the possibility of cascading failures during asymmetrical faults and is
particularly useful for gearbox systems with numerous zones.
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Fault Detection Algorithms: The accuracy and speed of unsymmetrical fault detection can be
increased by sophisticated fault detection algorithms. These programmes analyse system
behavior and pinpoint fault circumstances using cutting-edge signal processing techniques
and algorithms.

a) Negative Sequence Analysis: A common technique for locating asymmetrical flaws is
negative sequence analysis. These methods can quickly locate faulted phases and start
the necessary processes by examining the negative sequence components that are
present during unsymmetrical faults. Negative sequence analysis is very useful for
locating ground faults and can help with quick fault separation.

b) Wavelet Transform: During asymmetrical faults, current and voltage waveforms are
analyzed by methods based on the wavelet transform. These algorithms are capable of
identifying transient and non-stationary fault signals from regular system activity. The
accuracy and dependability of fault identification during asymmetrical faults are
improved by wavelet transform-based fault detection.

Grounding Techniques: Safe and stable power systems depend on effective grounding
techniques to reduce the consequences of asymmetrical faults. By creating a low-impedance
conduit for fault current flow, grounding techniques seek to reduce the size and duration of
fault currents.

a) Solid Grounding: Solid grounding is the process of directly connecting a transformer's
or a generator's neutral point to the earth. Solid grounding offers a dependable path
for fault current flow and reduces the fault current magnitude during asymmetrical
faults. Solid grounding, however, may lead to larger fault currents and possible device
damage.

b) Resistance Grounding: A neutral resistor is connected between the neutral point and
the ground when resistance grounding is used. Resistance grounding reduces the
likelihood of equipment damage by limiting the fault current's intensity and duration.
Additionally, it enhances system stability and provides some amount of fault current
monitoring. To achieve proper problem identification and isolation, however,
cooperation with protective equipment is crucial.

c¢) Reactance Grounding: This technique requires attaching a neutral reactor to the
ground and the neutral point. Reactance grounding improves system stability, restricts
the size of the fault current, and offers some degree of fault current monitoring.
Reactance grounding, however, can produce greater transient voltages under fault
circumstances, necessitating careful design to prevent over voltages.

Effective unsymmetrical fault mitigation solutions are essential for preserving the
dependability and stability of power systems. Unsymmetrical faults can be much less harmful
if safety devices, coordination plans, fault detection algorithms, and grounding procedures are
used. To provide accurate fault detection and isolation, minimize interruption and potential
equipment damage during unsymmetrical fault circumstances, proper design, settings, and
coordination among protective devices are required.

DISCUSSION
Line to ground fault

An electrical problem known as a line-to-ground fault happens when one or more electrical
power system phases make contact with the ground or another grounded item. The operation
of the power system, the safety of the equipment, and the safety of the workers could all be
significantly impacted by this issue. In order to create efficient mitigation methods and ensure
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the dependable and secure operation of electrical grids, it is essential to understand the
sources, characteristics, and impacts of line-to-ground problems. An overview of line-to-
ground failures, including their causes, traits, and consequences on power system
components, is given in this section. Think of a three-phase circuit with an earthed neutral.
Let's say that the red phase experiences a single line-to-ground fault as depicted in Fig. 2.
This graph clearly shows that:
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Figure 2: Line to ground fault
Fault current

First of all expression for fault current Irwill be derived. Let Z;, Z, , and Z, be the positive,
negative and zero sequence impedances of the generator respectively. Consider the closed
loop NREN. As the sequence currents produce voltage drops due only to their respective
sequence impedances, therefore, we have,
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Figure 3: fault current (L-G)
Phase Voltage
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It can be readily seen that T +E’ + 0. This is expected because F-phase is shorted to
sund.

The phase voltages at fault are :

f—

‘CI:

T LT LT -
Vg =+l +KE=0
T =T adlTPaal
vy = B+a K+ali
= = = 25
Vy = p+all+a T}

Summary of Results. For line (R-phase)}-to-ground fault :

(#) ﬁ = Faultu:lm‘em=_,3_.i_. : Tr'=0 I,=0
Zl_Z:_Zu
(i) Vg =0
Ty = Th+a'R+aT;
Ty = [h+af+d' T

Line-to-Ground Fault Causes

Insulation Failure: Insulation failure is one of the most frequent reasons for line-to-ground
problems. Ageing, moisture intrusion, mechanical damage, or electrical overstress are only a
few causes of insulation degradation or disintegration. A line-to-ground fault can happen
when the insulation between a phase conductor and the ground breaks.

Equipment Malfunction: Equipment problems, such as short circuits or insulation failure in
components like transformers, motors, or switches, can also cause faults. These issues may
lead to a line-to-ground fault when a phase conductor makes direct contact with the ground.
Line-to-ground faults can also be caused by external events like lightning strikes or
unintentional contact between power lines and grounded objects. Lightning strikes cause
high-energy surges to enter the electrical system, which could lead to insulation failure and
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ground problems. Accidental contact can happen as a result of things like building activity,
dropped objects, or vegetation interference.

Line-to-Ground Fault Characteristics

Fault Currents: A line-to-ground fault causes a fault current of great amplitude to flow
through the ground and the faulted phase. The system voltage, fault impedance, and
grounding conditions are only a few of the variables that influence the fault current.
Significant thermal and electromagnetic stresses on power system components may be caused
by the high fault current. Voltage Imbalance: Power system voltage imbalances can be
brought on by line-to-ground problems. While the voltages in the healthy phases are largely
unaffected, the faulty phase's voltage drops significantly. Flickering lights, voltage instability,
and possible equipment damage can all result from this voltage imbalance. Grounding
Currents: Currents are introduced into the power system's grounding system through line-to-
ground problems. These grounding currents pass through the ground and the ground
electrodes, potentially compromising the grounding system's integrity and endangering
personnel safety. In addition to creating voltage gradients in the earth, grounding currents can
also interfere with surrounding communication equipment and raise safety issues.

Line to line fault

An electrical failure known as a line-to-line fault, often referred to as a phase-to-phase fault,
happens when two or more electrical power system phases come into direct contact with one
another. Line-to-line problems can have a big impact on how the electrical system operates,
the safety of the equipment, and the safety of the people using it. For the purpose of creating
efficient mitigation measures and guaranteeing the dependable and secure operation of
electrical grids, it is essential to comprehend the sources, traits, and repercussions of line-to-
line faults. An overview of line-to-line faults, including their sources, traits, and effects on
power system components, is given in this section [7]-[10]. Consider a line-to-line fault
between the blue (B) and yellow (Y) lines as shown in Fig. 4. The conditions created by this
fault lead to

Vg = Vy,Ig= 0 and Iy + I3=0, Again taking R-phase as the reference, we have,

=+

- 1 -
I, = §£IR+IT+ISJ =0
Now % =T
Expressing in terms of sequence components of red line, we have,
ETE,.+a:T{+aETf = ﬁ+nfff+azl_5
or i@ -a) = 7@ -a)
7V =T
H=FK
A Ig=0
“jT Eg
_.N’ —
—:,‘,, N
L o I
aE, O y
H B A
I
= 3

Figure 4: L-L FAULT
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Also Tr"‘E =10
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Fault current: It is clear from looking at examples that sequence impedances should be
coupled as in Fig. 5. The figure makes it obvious that:
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Figure S: Fault current (L-L fault)

Phase voltages

Since the generated e.m.f. system is of positive phase sequence only, the sequence
components of e.m.f. in R-phase are:

Eo= O; E2= OandE1 = ER
Line-to-Line Faults' Root Causes

Equipment Failure: Equipment problems, such as insulation failure, short circuits, or issues
with components like transformers, generators, motors, or switches, can result in line-to-line
faults. A line-to-line fault can be caused by these issues when there is direct contact between
two or more phase conductors.

Human mistake: Human mistake, such as inappropriate wiring, poor installation, or
unintentional contact between phase conductors, can also result in line-to-line problems.
These mistakes can happen during construction, maintenance, or repair work, resulting in
unwanted phase-to-phase connections and consequent line-to-line problems.
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High Fault Currents: Due to the direct connection between phases and the comparatively low
impedance, line-to-line faults frequently cause high fault currents. The system voltage, fault
impedance, and system configuration are only a few of the variables that affect how large the
fault current will be. On the parts of the power system, the high fault currents can cause
severe thermal and electromagnetic stresses.

Voltage Imbalance

During a line-to-line fault, there is very little voltage difference between the damaged and
unharmed phases. This is due to the faulty phases' direct connection, which produces a very
small voltage differential. The problem could, however, have an impact on the system's
overall voltage stability and power quality.



Overview on Fault Analysis

Double line to ground fault

When two phase conductors make simultaneous contact with the ground or another grounded
object, an electrical failure known as a double line-to-neutral fault or double line-to-ground
fault occurs. Two distinct line-to-ground fault locations, each involving a different phase
conductor, are what distinguish this fault. Maintaining the safety and dependability of power
systems requires an understanding of the origins, traits, and effects of double line-to-ground
faults. An overview of double line-to-ground faults, including their sources, traits, and
impacts on different parts of the power system, is given in this section. Take into account the
Y-B lines and earth's double line-to-ground fault in Fig. 6. This fault's circumstances have the
following effects:

IR: 0 ) VY: VB: 0
Ip=0

L E B ; - L
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I
- ]
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=lg + 1y

Figure 6: Double line to ground fault
Since Vy= V=0, it is implied that:
Vi = Vo= Vy=1/3 Vg...(1)
Also Ig=1, + L+ Ip =0 (given)  ...(i1)

Fault current: The results of examining examples (i) and (ii) demonstrate that the
connections for sequence impedances should be made as depicted in Fig. 7. It is obvious that:

I - E__

Z+2%
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4
Fault current, T, = J; + 1, iEj‘,}_D*”= [_j—l— :—}
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Figure 7: Fault current (L-L-G)

Phase Voltages. The sequence voltages for phase R are :

R-F 1% %-0-%Z. T-0-L7%
Va =T+ L+7, =37,
T =adTR+aRh+T, =@ +a+) T, (- F=H="7)
= 0x% =0 (v d+a+1=0)
7,17 7

Vg =alj+a h+¥, = [a+a:+1:|i.’7§ =0
Double Line-to-Ground Fault Causes

Equipment Failure: Equipment problems, such as insulation failure, short circuits, or issues
with components like transformers, generators, motors, or switches, can result in double line-
to-ground faults. Double line-to-ground faults may emerge from these issues when phase
conductors simultaneously make contact with the ground. External sources: Double line-to-
ground failures can also be caused by external sources like bad weather, dropped objects, or
unintentional contact between grounded objects and power lines. A double line-to-ground
fault might occur, for instance, as a result of a tree falling across two phase conductors or a
lightning strike that simultaneously causes faults on various phases.

Double Line-to-Ground Fault Characteristics

Fault Current Distribution: Distribution of Fault Currents: In a double line-to-ground fault,
which corresponds to the faulted phase conductors, the fault currents are distributed among
the two fault spots. The system voltage, fault impedance, and grounding conditions are only a
few of the variables that affect how large the fault currents are. Power system components
may be subjected to considerable thermal and electromagnetic strains from fault currents
passing through the faulted conductors and the ground.
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Voltage Imbalance

Voltage imbalances can be brought on by double line-to-ground faults in the power system.
While the voltages in the healthy phases are largely unaffected, the faulted phase conductors
noticeably lose voltage. Flickering lights, voltage instability, and possible equipment damage
can all result from this voltage imbalance.

Grounding Currents

Currents are introduced into the power system's grounding system by double line-to-ground
failures. These grounding currents pass through the ground and the ground electrodes,
potentially compromising the grounding system's integrity and endangering personnel safety.
In addition to creating voltage gradients in the earth, grounding currents can also interfere
with surrounding communication equipment and raise safety issues.

CONCLUSION

The reliability of equipment and the stability of power systems are both seriously threatened
by asymmetrical faults. This work has clarified the causes, traits, and effects on the parts of
the power system of unsymmetrical fault states by analysis and simulation. The findings
emphasize the significance of putting in place suitable protection measures to quickly identify
and mitigate unsymmetrical problems. In general, the study of unsymmetrical defects
described in this paper helps to clarify their characteristics and effects. The results can help
engineers working on power systems create trustworthy protection plans and establish
methods to ensure the smooth running of power systems, increasing the overall resilience of
electrical grids.

To address new issues and enhance fault analysis methods for better power system
protection, greater research and development activities are required.
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ABSTRACT:

Electrical systems must include circuit breakers to safeguard against overloads and short
circuits. When abnormal circumstances arise, they function as switches that automatically
interrupt the flow of current. An overview of circuit breakers' operation and significance in
electrical systems is given in this chapter. The lines and other equipment run at extremely
high voltages and carry substantial currents thanks to the development of the power system.
In such high-capacity circuits, the placement of switches and fuses cannot perform the
desired function of switchgear. This calls for the adoption of a more dependable kind of
control, like that provided by circuit breakers. Using a circuit breaker, a circuit can be made
or broken manually or automatically in all situations, including no-load, full-load, and short-
circuit situations. This feature of the circuit breaker has made it an extremely practical device
for switching and protecting different power system components.

KEYWORDS:

Arc Extinction, Arc Resistance, Circuit Breaker, Electric Strength, Fault Current, Short
Circuits.

INTRODUCTION

It is frequently desired and required to turn on and off different circuits (such as transmission
lines, distributors, generating plants, etc.) during the functioning of a power system in both
normal and exceptional circumstances. A switch and a fuse connected in series with the
circuit used to serve as this purpose in the past. Such a method of control, however, has two
drawbacks. First of all, it takes a while to replace a blown fuse and get power back to the
clients. Second, new high-voltage and big capacity circuit faults produce massive fault
currents that a fuse cannot effectively interrupt. The employment of switches and fuses is
restricted to low-voltage, small-capacity circuits where frequent operations are not
anticipated, such as for the switching and protection of distribution transformers, lighting
circuits, branch circuits of distribution lines, etc. due to these drawbacks. The many kinds of
circuit breakers and their expanding use as control devices will be covered in this chapter

[1]1-[3].
Circuit breaker

A circuit breaker is a piece of equipment that can (i) make or break a circuit manually or
remotely under normal conditions (ii) automatically break a circuit during a fault (iii)
manually make a circuit manually or remotely during a fault Thus, a circuit breaker includes
both manual (or remote control) and automatic control for switching functions, the latter of
which uses relays and only functions during a fault. Circuit breakers are essential parts of
electrical systems because they protect circuits from overloads and short circuits by acting as
protective devices. They are essential in stopping the flow of electricity when unexpected
circumstances arise, protecting equipment, lowering the risk of electrical fires, and
guaranteeing the dependability and safety of electrical systems. This in-depth essay examines
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the principles of operation, varieties, uses, and developments of circuit breakers, emphasizing
their role in contemporary electrical infrastructure.

Modern life is mostly powered by electricity, which runs our homes, businesses, and
industries. However, because overloads and short circuits are a possibility, it also carries
some risks. Circuit breakers are used as essential components in electrical systems to reduce
these hazards and guarantee their dependability and safety. The definition, function, and
importance of circuit breakers in the electrical infrastructure are all covered in detail in this
introduction. An electrical switching mechanism known as a circuit breaker is used to
safeguard electrical circuits and equipment from high current situations like overloads and
short circuits. When abnormal circumstances arise, it functions as an automated on-off switch
to stop the flow of electricity, averting any potential harm or dangers. As they provide the
effective and safe distribution of electrical power, circuit breakers are a crucial component of
electrical systems. Circuit breakers' main function is to protect electrical circuits from harm
by spotting and stopping abnormal electrical conditions. They are in charge of cutting off
problematic circuits from the rest of the system to guard against fires, electrical mishaps, and
equipment damage. Fuse replacement is required once a fuse has operated, therefore circuit
breakers are an alternative. Circuit breakers, in contrast to fuses, can be manually reset or,
when the fault has been fixed, automatically reset.

Working principle of circuit breaker

Essentially, a circuit breaker is made up of electrodes, or moving and stationary contacts.
These contacts are closed when the system is functioning normally, and they won't
automatically open until there is a problem with the system. The contacts can, of course, be
opened manually or remotely anytime required. The circuit breaker's trip coils become
activated in response to a fault in any component of the system, and some mechanism pulls
apart the movable contacts to open the circuit. An arc is created between the contacts of a
circuit breaker when they split due to a failure. As a result, the current can flow until the
discharge stops. Arc generation not only slows down the process of interrupting the flow of
current, but it also produces a great deal of heat that could harm the circuit breaker or the
entire system. Therefore, the key challenge in a circuit breaker is to put out the arc as quickly
as possible so that the heat it produces doesn't reach a harmful level.

The idea behind how circuit breakers work is that they have current sensing and trip
mechanisms. They are made up of a switch, a trip unit, and a protective mechanism, which
are its three primary parts. Current goes via the circuit breakers switch mechanism as it
travels across an electrical circuit. Normally, the switch is shut, allowing the current to flow
freely. The protection mechanism is activated when the current exceeds the predetermined
threshold due to an abnormal condition, such as an overload or short circuit. A circuit
breaker's trip unit is in charge of monitoring the current and starting the trip mechanism when
anomalous conditions are found. Trip units come in a variety of forms, such as thermal,
magnetic, and electronic. Thermal trip units work by applying heat from an excessive current
to a bimetallic strip, which then deforms.

The trip unit is triggered by the deformation to engage the trip mechanism, which opens the
switch and stops the current flow. High currents provide a magnetic field that magnetic trip
units use to activate the trip mechanism.

The magnetic field activates the trip device, disconnecting the circuit, when the current
reaches a predetermined level. The more modern electronic trip devices use electronic sensors
to track the current. They provide better precision as well as other features including movable
trip settings and communication options. When an abnormal state is found, the trip
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mechanism is in charge of physically opening the switch and stopping the current flow. It
guarantees that the circuit is cut off from the power source, safeguarding the electrics and
stopping further harm.

Arc phenomenon

Before the protection mechanism opens the contacts of the circuit breaker in the event of a
short circuit, a significant current is flowing through them. The contact area rapidly reduces
as the contacts start to separate, and a strong fault current produces an increase in current
density and, ultimately, a rise in temperature. The heat generated in the media (often oil or
air) between contacts is sufficient to ionise the air or vapourize and ionise the oil. An arc is
created between the contacts as a result of the ionised air or vapour acting as a conductor. The
p.d. between the contacts is very modest and just enough to keep the arc going. Since the arc
offers a low resistance path, the circuit's current flows unhindered for as long as the arc does.
The current flowing between the contacts during the arcing phase is dependent on the arc
resistance. The amount of current that travels between the contacts decreases with increasing
arc resistance. The following elements affect the arc resistance:

(i) Level of ionization: As the quantity of ionised particles between the contacts decreases,
arc resistance rises.

(i1) Arc length: As the arc length, or the distance between contacts, grows, so does the arc
resistance.

iii) Cross-section of the arc: As the cross-sectional area of the arc decreases, arc resistance
rises.

DISCUSSION
Principle of Arc extinction

Examining the elements responsible for the maintenance of the arc between the contacts is
required before considering the techniques for arc extinction. Which are:

(1) The distance between contacts
(i1) Ionised particles between contacts, item.
Following each of these,

(1) When the contacts are close together, the p.d. between them is enough to keep the arc
going. Separating the contacts so far apart that p.d. is no longer sufficient to maintain the arc
is one approach to put out the flame. However, in high voltage systems where a separation of
many metres may be necessary, this solution is impractical.

(1) The arc is typically maintained by the ionised particles between the contacts. The arc
extinction will be made easier if the arc path is deionized. The arc can be cooled or the
ionised particles can be physically removed from the area between the contacts.

Method of Arc extinction: In circuit breakers, there are two ways to put out an arc: 1. the high
resistance method. 2. The current-zero technique or low resistance.

High resistance method

The high resistance approach this technique causes the arc resistance to build up over time
such that the current is decreased to a level that cannot sustain the arc. As a result, the current
is cut off or the arc is put out.
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The main drawback of this technology is the significant energy loss in the arc. Because of
this, it is exclusively used in low-capacity a.c. and d.c. circuit breakers.

(1) Lengthening the arc: The arc's resistance can be raised by lengthening it, as resistance is
directly proportional to arc length. By widening the space between contacts, the arc's length
can be extended.

(i1) Cooling the arc: Cooling the arc aids in deionizing the medium in between the contacts.

The arc resistance is raised as a result. Through the use of a gas blast directed at the arc,
effective cooling can be achieved.

(iii) Reducing the arc's X-section: Increasing the voltage required to keep the arc in place if
the arc's X-section area is reduced. In other words, the arc path experiences more opposition.
The arc's cross-section can be decreased by having smaller contact areas or by allowing the
arc to pass through a small opening.

(iv) Splitting the arc: Dividing the arc into a number of smaller arcs in sequence might
increase the resistance of the arc. Each of these arcs experiences a cooling and lengthening
impact. By inserting some conducting plates between the contacts, the arc may be separated.

Low resistance or Current zero method: Only arc extinction in a.c. circuits is achieved
using the low resistance or current zero method. This approach prevents arc re-ignition
despite increased voltage between the contacts by maintaining low arc resistance until current
is zero, at which point the arc automatically extinguishes. This technique for arc extinction is
used by all contemporary high power a.c. circuit breakers [4]-[6].

Current in an a.c. system zeroes out after each half-cycle. Every time there is a current zero,
the arc briefly goes out. Now that there are ions and electrons in the medium between the
contacts, it has a low dielectric strength and is easily broken down by the rising contact
voltage known as the restriking voltage. The arc will remain in place for another halfcycle if
such a breakdown does take place.

The arc won't restart and the current will be cut off if, right after current zero, the dielectric
strength of the medium between the contacts builds up more quickly than the voltage across
the contacts. The following methods can be used to quickly raise the dielectric strength of the
medium near current zero:

(A) Bringing about the recombination of ionised particles into neutral molecules in the area
between contacts.

(b) Removing the ionized particles with a vacuum and substituting unionized particles

In order to prevent the space between contacts from being broken down by the growing
contact voltage or the restriking voltage, the major challenge in A.C. arc interruption is to
quickly deionize the medium between contacts as soon as the current drops to zero. The
medium can be made to become less ionized by:

(i) Extending the gap: The dielectric strength of the medium is inversely correlated with the
distance between the contacts. Therefore, a higher medium dielectric strength can be
produced by quickly opening the connections.

(i1) High pressure: As the pressure rises around the arc, the density of the particles making up
the discharge rises as well. The medium between contacts has a higher dielectric strength as a
result of the higher rate of de-ionization brought on by the increased particle density.
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(ii1) Cooling: If ionised particles are allowed to cool, natural combination occurs more
quickly. As a result, cooling the arc can enhance the dielectric strength of the medium
between the contacts.

(iv) Blast effect: The dielectric strength of the medium can be significantly improved if the
ionised particles between the contacts are swept away and replaced by unionized particles.
This can be accomplished by driving oil into the contact space or by firing a gas blast along
the discharge.

Important terms: The following key words that are frequently used in circuit breaker
analysis are:

(i) Arc voltage: This is the voltage that appears across the circuit breaker contacts while an
arc is occurring.

An arc is created as soon as the circuit breaker's contacts separate. Arc voltage refers to the
voltage that develops across the contacts while an arc is occurring. Except for the time when
the fault current is at or close to the zero current point, it has a low value. At zero current, the
arc voltage rises quickly to its maximum value, and this maximum voltage has a tendency to
keep the current flowing in the form of an arc.

(i1) Restriking voltage: During the arcing period, this transient voltage appears across the
contacts at or close to current zero.
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Figure 1: Restriking voltage

The rapid energy transfer between the magnetic and electric fields associated with the plant
and transmission lines of the system causes a high-frequency transient voltage to develop
across the connections at zero current. Restriking voltage is the term for this transient voltage
(Fig. 1). This voltage determines the circuit's current interruption. The arc will continue for
another half-cycle if the restriking voltage rises faster than the dielectric strength of the
medium between the contacts. On the other hand, if the medium's dielectric strength increases
faster than the restriking voltage, the arc won't relight and the current will be cut off.

(ii1) Recovery voltage: Following final arc extinction, the normal frequency (50 Hz) r.m.s.
voltage is visible across the contacts of the circuit breaker. It roughly matches the voltage of
the system.

Every half cycle when a circuit breaker's contacts are opened, the current drops to zero. At
some current zero, the contacts are suitably spaced apart, and the elimination of ionised
particles increases the dielectric strength of the medium between the contacts to a high value.
The medium between the contacts is strong enough to stop the breakdown caused by the
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restriking voltage at that precise moment. As a result, the final arc extinction occurs and the
circuit current is cut off. The voltage that occurs across the connections has a transient
component right away after the final current interruption (see Fig.1). However, because of the
system resistance's dampening effect, these transitory oscillations quickly stop, and normal
circuit voltage starts to show across the contacts. Recovery voltage is the term for the normal
frequency voltage across the contacts.

Classification of circuit breakers

The circuit breakers can be categorized in a number of different ways. The medium utilized
for arc extinction, however, provides the basis for the broadest classification. Arc extinction
typically uses oil, air, Sulphur hexafluoride (SF6), or vacuum as the medium. Circuit breakers
can therefore be categorized as follows:

(1) Oil circuit breakers that use transformer oil or other insulating oil for arc extinction.
(11) Air-blast circuit breakers, in which the arc is put out by a high-pressure air blast.

(iii) Sulphur hexafluoride (SF6) gas is utilized for arc extinction in Sulphur hexafluoride
circuit breakers.

(iv) Vacuum circuit breakers, which employ vacuum to put out an arc.

Every sort of circuit breaker has benefits and drawbacks of its own. We will go over the
design and operation of these circuit breakers in the sections that follow, paying particular
attention to how the arc extinction is made possible.

Significance of circuit breaker in Electrical Infrastructure

Circuit breakers are essential for maintaining the dependability and safety of electrical
systems. The following views might be used to comprehend their significance:

a) Equipment Safety: Circuit breakers stop the flow of excessive current, preventing harm to
electrical equipment. Overloads can cause overheating and harm to wires, motors,
transformers, and other components when the current exceeds the circuit's capability. On the
other hand, short circuits happen when two conductors form a low-resistance channel,
causing a quick surge in current. Circuit breakers quickly identify such anomalous conditions
and stop the current, preventing damage to the equipment.

b) Fire Prevention: Electrical fires are more likely to start as a result of overloads and short
circuits since they can produce a lot of heat. Circuit breakers reduce the risk of fires caused
by excessive heat accumulation by rapidly cutting the current flow during unexpected
circumstances. In order to protect people and property from electrical fires, they offer a
crucial line of defense.

c¢) Personnel Safety: When people come into contact with live electrical components or faulty
circuits, electrical hazards like electric shocks might happen. By quickly cutting off faulty
circuits, circuit breakers contribute to worker safety by averting unintentional electrocution or
accidents. They support a secure workplace, particularly in commercial environments with
high voltage equipment.

d) System Reliability: Electrical systems depend on numerous circuits operating correctly and
coordinating with one another. A problem in one circuit has the potential to affect the entire
system, resulting in equipment failure or power outages. Circuit breakers help to maintain
system dependability by isolating problematic circuits and confining problems to lessen the
impact on the overall electrical infrastructure.
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e) Flexibility and Convenience: Circuit breakers have the benefit of resettable operation,
unlike fuses. Circuit breakers can be manually or automatically reset after a problem has been
fixed in order to resume normal current flow. This prevents the need for frequent fuse
replacement, saving money and providing ease.

Advantages and disadvantages of Circuit breaker

Circuit breakers are essential parts of electrical systems and provide several benefits in terms
of convenience, safety, and system dependability.

However, they do have some restrictions and drawbacks, just like any other technology. We
shall thoroughly examine the benefits and drawbacks of circuit breakers in this section.

The benefits of circuit breakers are:

1.

Overload and Short Circuit Protection: Protection from Overload and Short Circuits:
Circuit breakers are made expressly to guard against overloads and short circuits in
electrical circuits. They have the ability to detect excessive current and automatically
break the circuit, protecting the wire and equipment from harm. This lowers the
possibility of electrical fires while ensuring the security of electrical systems.

Quick Response Time: Circuit breakers can detect and stop aberrant circumstances
within milliseconds because to their quick response times. This quick reaction cuts
down on the length of the fault current flow, lowering the possibility of equipment
damage and increasing system reliability overall.

Resettable Operation: Circuit breakers have the benefit of resettable operation in
contrast to fuses. Circuit breakers can be manually or automatically reset when a
problem has been fixed, resuming normal current flow without the need for
replacement. This reduces the amount of time, work, and money needed to change
fuses.

Selective Coordination: Circuit breakers enable selective coordination, which means
that only the problematic circuit is shut down while the remainder of the electrical
system is kept running. By preventing a problem in one circuit from causing a
widespread power loss or interruption, this feature increases the dependability and
accessibility of electrical power.

Flexibility and customizable Settings: Circuit breakers frequently have a trip setting
that is customizable, allowing for flexibility based on the requirements of a particular
application. They can adjust to fluctuating electrical loads because to their versatility,
which also guarantees that various systems and pieces of equipment are well-
protected.

Remote Control and Monitoring: Advanced circuit breakers have digital and
intelligent capabilities that allow for remote control and monitoring. With the use of
this capacity, system administration may be improved with features like remote
tripping, status monitoring, and diagnostic capabilities. Effective system optimization,
maintenance, and troubleshooting are made possible through remote control and
monitoring.

Enhanced Safety Features: Circuit breakers offer enhanced safety measures in
addition to the fundamental overload and short circuit protection. Arc fault circuit
interrupters, for instance, can identify and stop electrical arcs, lowering the danger of
fire brought on by arcing faults. Similar to this, ground fault circuit interrupters
(GFClIs) offer safety from electrical shocks in locations with moisture or water.
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Negative aspects of circuit breakers

1. Initial Cost: Compared to fuses, circuit breakers can be more expensive up front.
Circuit breakers may demand a larger initial expenditure, particularly for high-voltage
or specialized applications. Circuit breakers' ability to be reset and reused, however,
can make up for this expense over the course of their useful lives.

2. Complexity: Circuit breakers are more complicated than fuses in terms of design.
They are made up of a variety of parts and systems, such as trip units and safety
features. Because of its intricacy, installation, maintenance, and troubleshooting may
need for specialized skills.

3. Limited Fault Clearing Capacity: Circuit breakers are efficient at interrupting low
amounts of fault current, but they are limited in their ability to handle high levels of
fault current. To provide efficient fault clearing and system protection in such
circumstances, additional protective devices like current-limiting fuses or protective
relays may be required [7]-[10].

4. Sensitivity to Environmental Conditions: Circuit breakers may be sensitive to
environmental conditions such as temperature, humidity, dust, or corrosive
atmospheres, especially in outdoor or harsh locations. If these conditions are not
sufficiently addressed through suitable enclosure and protective measures, they may
impact the performance and dependability of circuit breakers.

5. Maintenance Requirements: Circuit breakers, like all electrical equipment, need to be
regularly inspected and maintained to ensure good operation. Tests on the trip units,
mechanical integrity inspections, and coordination checks with other safety measures
are also part of this process. The overall operational cost and effort may increase as a
result of routine maintenance.

6. Limited Fault Detection Precision: Circuit breakers are capable of detecting
overloads and short circuits, but their capacity to pinpoint the precise position or
origin of a fault may be constrained. It may be required to use additional diagnostic
tools or systems to pinpoint the exact issue site in order to perform successful
troubleshooting and maintenance.

In terms of electrical safety, system dependability, and convenience, circuit breakers offer a
number of benefits. Modern electrical systems cannot function without them because of their
flexibility, quick response times, ability to be reset, and protection against overloads and short
circuits. Circuit breakers do, however, have several drawbacks, such as high startup costs,
complexity, and upkeep needs. To choose the best protection option and guarantee the best
functioning of electrical systems, it is essential to comprehend both the benefits and
drawbacks of circuit breakers.

Factors affecting circuit breaker

Circuit breakers are crucial parts of electrical systems because they act as safeguards to stop
the flow of current under abnormal circumstances. Circuit breakers' efficiency and
performance can be affected by a number of things. For effective circuit breaker selection,
installation, and maintenance in electrical infrastructure, it is essential to comprehend these
elements. We will go over the main elements that have an impact on circuit breakers in this
part.

1. Electrical Load Characteristics: The electrical load characteristics significantly affect
the choice and operation of circuit breakers. Circuit breakers' tripping characteristics
and rating can be impacted by elements such the load current's size, duration, and
existence of inrush currents or transient spikes. Circuit breakers with sufficient
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withstand capacities may be needed in applications involving high inrush currents,
such as motor starting or capacitor charging.

2. Fault Current Levels: The greatest current that can flow in the event of a fault, such as
a short circuit, is known as the fault current level. It is very important in determining
the coordination and interrupting power of circuit breakers. Circuit breakers should be
chosen so that they have a high enough interrupting capacity to safely interrupt fault
currents without endangering themselves or other system components. The
configuration of the system, the capacity of the transformer, and the fault clearing
systems employed can all affect the fault current levels.

3. System Voltage: When choosing and designing circuit breakers, the system voltage is
an important consideration. There are numerous kinds of circuit breakers available for
low-voltage, medium-voltage, and high-voltage applications. To ensure appropriate
operation and safety, the voltage rating of the circuit breaker must match the system
voltage.

4. Environmental Aspects: The circuit breakers' performance and dependability can be
considerably impacted by the environment in which they are located. Circumstances
including temperature fluctuations, humidity, dust, vibration, and corrosive
environments can affect how well and how long a circuit breaker lasts. It could be
necessary to use specialized enclosures, sealing methods, and protective coatings to
lessen the effects of unfavorable environmental factors.

5. Operational Conditions: Circuit breakers' performance and lifespan can be affected by
the operational circumstances in which they function. Circuit breakers may wear out
more quickly or more slowly depending on variables including operating frequency,
duty cycle, and ambient temperature. Circuit breakers with improved thermal
characteristics may be needed for high-duty cycle applications to prevent overheating.
Similar to applications with frequent switching operations, high mechanical durability
circuit breakers may be required.

6. Maintenance and Testing: For circuit breakers to operate dependably, proper
maintenance and routine testing are essential. Issues like loose connections,
mechanical wear, or contaminant buildup can be found and fixed with the help of
routine inspections, lubrication, and cleaning. It is crucial to test the trip units,
insulation resistance, and timing properties of circuit breakers to ensure their
correctness and operation. Circuit breakers that are not regularly maintained and
tested may malfunction, compromising protection.

7. Standards and Regulatory Compliance: To guarantee their dependability and safety,
circuit breakers must adhere to industry standards and legal requirements. Circulars
for the design, testing, and operation of circuit breakers are provided by standards
including those of the International Electrotechnical Commission (IEC), the National
Electrical Manufacturers Association (NEMA), and local electrical codes. Circuit
breakers must adhere to these standards in order to achieve minimum performance
and safety requirements.

CONCLUSION

Circuit breakers are essential for keeping electrical systems safe and dependable. They reduce
the possibility of electrical fires and protect equipment by spotting and stopping high
currents. Circuit breakers are made to manage various current levels and react fast to
unforeseen circumstances, ensuring that electrical circuits operate as intended. Their broad
application in domestic, business, and industrial contexts demonstrates how crucial they are
to the current electrical infrastructure. Circuit breakers in electrical systems can behave and
be effective differently depending on a number of variables. There are many important
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aspects to take into account, including electrical load characteristics, fault current levels,
system voltage, ambient circumstances, operational conditions, maintenance and testing, and
standard compliance. For electrical infrastructure to work at its best and be safe and reliable,
these elements must be properly understood and taken into account when choosing, installing,
and maintaining circuit breakers.

REFERENCES

(1]

(2]

(3]

(4]

[5]

[6]

[7]

[8]

[9]

[10]

M. Zarkovié and Z. Stojkovié, “Artificial intelligence SF6 circuit breaker health
assessment,” Electr. Power Syst. Res., 2019, doi: 10.1016/j.epsr.2019.105912.

S. Liu and M. Popov, “Development of HVDC system-level mechanical circuit breaker
model,” Int. J. Electr. Power Energy Syst., 2018, doi: 10.1016/j.ijepes.2018.05.017.

A. Mokhberdoran, D. Van Hertem, N. Silva, H. Leite, and A. Carvalho, “Multiport
Hybrid HVDC Circuit Breaker,” I[IEEE Trans. Ind. Electron., 2018, doi:
10.1109/TIE.2017.2719608.

A. Shukla and G. D. Demetriades, “A Survey on Hybrid Circuit-Breaker Topologies,”
IEEE Trans. Power Deliv., 2015, doi: 10.1109/TPWRD.2014.2331696.

O. Cwikowski, A. Wood, A. Miller, M. Barnes, and R. Shuttleworth, “Operating DC
Circuit Breakers with MMC,” I[IEEE Trans. Power Deliv., 2018, doi:
10.1109/TPWRD.2017.2658540.

C. Ding, X. Tian, T. Nie, and Z. Yuan, “Influence of capacitor-buffered hybrid DC
circuit breaker on bipolar short circuit fault of three-terminal MMC-HVDC
transmission system,” Energy Reports, 2020, doi: 10.1016/j.egyr.2020.11.043.

K. M. Wong, X. W. Kong, and M. Li, “The magnet effect of circuit breakers and its
interactions with price limits,” Pacific Basin Financ. J., 2020, doi:
10.1016/j.pacfin.2020.101325.

N. Gotte, T. Krampert, and P. G. Nikolic, “Series Connection of Gas and Vacuum
Circuit Breakers as a Hybrid Circuit Breaker in High-Voltage Applications,” IEEE
Trans. Plasma Sci., 2020, doi: 10.1109/TPS.2020.3003429.

Y. Wang, W. Li, X. Wu, and X. Wu, “A novel bidirectional solid-state circuit breaker
for DC microgrid,” IEEE Trans. Ind. Electron., 2019, doi: 10.1109/TIE.2018.2878191.

A. A. Bhole and W. Z. Gandhare, “An Overview of Dynamic Contact Resistance
Measurement of HV Circuit Breakers,” Journal of The Institution of Engineers (India):
Series B. 2016. doi: 10.1007/s40031-014-0164-2.



Overview on Fault Analysis

CHAPTER 7
AN ANALYSIS OF OIL CIRCUIT BREAKERS

Mr. Sreekanth Kondreddy

Assistant Professor, Department of Electrical and Electronics Engineering,
Presidency University, Bangalore, India.
Email Id:ksreekanthreddy @presidencyuniversity.in

ABSTRACT:

Circuit breakers are crucial parts of electrical systems because they guard against short
circuits and overcurrent’s. They act as an essential line of defense by cutting off the
electricity when abnormal circumstances arise. Oil is used as both an insulating medium and
an arc quenching agent in oil circuit breakers, or OCBs. The operation, design, and uses of oil
circuit breakers are examined in this chapter. The benefits and drawbacks of OCBs in
comparison to other kinds of circuit breakers are covered in the chapter. The report also
emphasizes the OCB maintenance needs and safety aspects, such as correct oil handling and
monitoring of insulating condition. For electrical engineers and other professionals engaged
in the design, use, and maintenance of high-voltage electrical systems, comprehension of the
properties and application of oil circuit breakers is crucial.
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Arc quenching medium, Explosion pot, Low oil circuit breaker, Oil circuit breaker, Plain
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INTRODUCTION
Classification of circuit breakers

The circuit breakers can be categorized in a number of different ways. The medium utilized
for arc extinction, however, provides the basis for the broadest classification. Arc extinction
typically uses oil, air, Sulphur hexafluoride (SF6), or vacuum as the medium. Circuit breakers
can therefore be categorized as follows:

(1) Oil circuit breakers that use transformer oil or other insulating oil for arc extinction.
(i1) Air-blast circuit breakers, in which the arc is put out by a high-pressure air blast.

(111) Sulphur hexafluoride (SF6) gas is utilized for arc extinction in Sulphur hexafluoride
circuit breakers.

(iv) Vacuum circuit breakers, which employ vacuum to put out an arc.

Every sort of circuit breaker has benefits and drawbacks of its own. We will go over the
design and operation of these circuit breakers in the sections that follow, paying particular
attention to how the arc extinction is made possible [1]-[3].

Oil Circuit breaker

Such circuit breakers use insulating oil as an arc quenching medium, such as transformer oil.
Under oil, the contacts are made, and an arc is then created between them. The surrounding
oil is dissociated into a significant volume of gaseous *hydrogen under high pressure by the
arc's heat, which also evaporates the oil. The volume of the hydrogen gas is nearly a thousand
times larger than the volume of the broken-down oil. As a result, the oil is forced away from
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the arc, and the arc zone and nearby contacts are encircled by a growing hydrogen gas bubble
(See Fig. 1). Two processes in particular help the arc to extinguish. First off, because
hydrogen gas cools the arc and conducts heat well, it helps the medium between the contacts
de-ionize. Furthermore, the gas creates turbulence in the oil, pushing it into the gap between
the contacts and removing the arcing byproducts from the arc route. Arc is put out as a result,
and circuit current is disrupted.
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Figure 1: Oil Circuit breaker
Advantages: Oil has the following benefits as an arc quenching medium:
(1) It absorbs arc energy and breaks down into gases with excellent cooling qualities.

(i) It serves as an insulator and allows for a reduced clearance between earthed conductors
and live conductors components.

(iii) The oil in the immediate area of the arc provides a cooling surface.

The following are some drawbacks of using oil as an arc quenching medium:
(1) There is a risk of fire because it is combustible.

(i1) It might combine explosively with air.

(iii)) As more procedures are performed, the oil's quality degrades because the arcing
products, such as carbon, are left in the oil. This calls for routine oil inspection and
replacement.

Types of oil circuit breaker

The electricity system makes heavy use of oil circuit breakers. These fall into the following
categories:

(i) Circuit breakers made of bulk oil, which utilize a lot of oil. There are two uses for the oil.
In addition to isolating the current-conducting components from one another and from the
earthed tank, it also puts out the arc that forms when contacts are opened. These circuit
breakers can be divided into the following categories: a) Plain break oil circuit breakers (b)
Circuit breakers for arc control oil. The contacts in the old type are immediately exposed to
all of the oil in the tank and no additional measures are available for controlling the arc. To
acquire the advantageous action of the arc as effectively as possible, however, special arc
control mechanisms are used in the later type.
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(i) Low oil circuit breakers are those that consume the least quantity of oil. These circuit
breakers solely employ oil to extinguish arcs; air, porcelain, or organic insulating materials
are used to insulate the current-conducting components.

Plain break oil circuit breakers

A straightforward oil circuit breaker involves isolating the contacts underneath the entire
amount of oil in the tank. Other than the lengthening brought on by the separation of contacts,
there is no unique mechanism for arc control. When a specific critical separation between the
contacts is reached, the arc extinguishes. The earliest sort of circuit breaker from which all
others have evolved is the plain-break oil circuit breaker. Its construction is quite
straightforward. It is made up of stationary and movable contacts encased in a sturdy,
weather-tight earthed tank that can hold oil up to a particular level and an air cushion above
the oil level. The air cushion gives the arc gases enough room to enter without creating a
hazardous amount of pressure inside the circuit breaker's dome. Additionally, it muffles the
mechanical shock caused by the oil's ascent. A double break simple oil circuit breaker is
depicted in Figure 2.

Air cushion

il level
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:— contacts

- 1. Moving
1 contacts
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Figure 2: Plain break oil circuit breaker

Because it provides two breaks in succession, it is referred to as a double break. The fixed
and movable contacts are kept closed during normal operation, and the circuit current flows
normally through the breaker. When a fault develops, the protective system pulls down the
moving contacts, and an arc is hit, vaporising the oil primarily into hydrogen gas. The
following processes help the arc to extinguish:

(1) The hydrogen gas bubble that forms around the arc cools the arc column and helps the
medium between the contacts become deionized.

(i) The gas creates turbulence in the oil, which aids in clearing the arc's path of arcing by
products.

(iii) The medium's dielectric strength increases as the arc lengthens as a result of the
separating contacts.

These activities cause the arc to be extinguished and the circuit current to be halted at a
crucial gap length.
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Disadvantages

(i) The arc cannot be controlled in any unique way other than by lengthening when the
moving contacts are separated. Therefore, a long arc length is required for successful
interruption.

(i1) The arcing times of these breakers are lengthy and variable.

(iii) These breakers forbid interruptions at high speeds. Plain-break oil circuit breakers are
only utilised in low-voltage applications where high breaking capacities are not crucial due to
these drawbacks. Such breakers are often used in modest capacity systems with voltages no
higher than 11 kV.

DISCUSSION
Arc Control Oil Circuit Breakers

There is virtually little artificial control over the arc in the case of the plain-break oil circuit
breaker mentioned above. In order for the turbulence in the oil created by the gas to aid in
quenching it, somewhat long arc length is necessary. However, it is essential and ideal for the
final arc to be extinguished while the contact distance is still small. Arc control is used for
this purpose, leading to the name "arc control circuit breakers" for the breakers. These
breakers come in two different varieties, namely:

(1) Self-blast oil circuit breakers: These circuit breakers use the arc itself to effectively
extinguish themselves in order to achieve arc control through internal means.

(i1) A mechanical device outside of the circuit breaker is used to provide arc control in forced-
blast oil circuit breakers.

(1) Self-blast oil circuit breakers: The gases created during arcing are constrained to a narrow
space in self-blast oil circuit breakers by the employment of an insulating stiff pressure
chamber or pot surrounding the contacts. Since the chamber limits the amount of area the arc
gases can occupy, a very high pressure must be created to force the oil and gas through or
around the arc in order to put out the flame. The value of the fault current that must be halted
determines the amount of pressure that develops. These breakers are sometimes referred to as
self-generated pressure oil circuit breakers since the pressure is produced by the arc itself.

In comparison to a plain-break oil circuit breaker, the pressure chamber has a lower final arc
extinction gap length and arcing time. A handful of the pressure chamber designs also known
as explosion pots that have been created are listed below:

(a) Plain explosion pot: A basic explosion pot, which encloses both the fixed and movable
contacts and is made of an insulating substance (see Fig. 3). A cylindrical rod serving as the
moving contact travels through a small aperture at the bottom that is referred to as the throat.
The contacts become disjointed and an arc is created between them when a fault develops. In
the pot, the arc's heat transforms oil into a gas under extremely high pressure. Oil and gas are
forced through and around the arc by this tremendous pressure, putting out the flame. If the
moving contact does not experience the last arc extinction while it is still inside the pot, it
does so as soon as it exits. It is because a sudden surge of petrol and oil through the pharynx
causes fast extinction as soon as the moving contact emerges from the pot [4]-[6].

The main drawback of this kind of pot is that it can't handle fault currents that are either
extremely low or extremely high. Low fault currents result in little pressure being created,
which lengthens the arcing period. However, when the fault current is large, the gas is



Overview on Fault Analysis

produced so quickly that the explosion pot may burst from the tremendous pressure. Because
of this, a simple explosion pot only functions effectively at modest short-circuit currents
when the rate of gas evolution is also moderate.
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Figure 3: Plain explosion pot

(b) Cross jet explosion pot: Fig. 4 depicts this sort of pot, which is really a basic explosion
pot modification. It is comprised of an insulating substance and has arc-splitting grooves on
one side. Arc extinction is made easier by the arc splitters' assistance in lengthening the arc.
The circuit breaker's movable contact starts to separate when a problem occurs. The arc
initially strikes the top of the pot when the moving contact is withdrawn. The oil in the back
tube is under pressure from the gas the arc produces. Fresh oil is forced across the arc path as
soon as the moving contact exposes the arc splitter ducts. As a result, the arc is forced
sideways into the "arc splitters," lengthening it and leading to arc extinction.Heavy fault
currents can be effectively interrupted using the cross-jet explosion pot. However, for minor
fault currents, the gas pressure is low, which prevents the pot from operating satisfactorily.

Gas bubble

L=

" —Moving contact

Figure 4: Cross jet explosion pot

(c) Self-compensated explosion pots: These pots are essentially a cross between simple and
cross jet explosion pots. As a result, it may reasonably interrupt both light and strong short
circuit currents. The self-compensated exploding pot's schematic diagram is depicted in Fig.
5. It has two chambers: the cross-jet explosion pot with two arc splitter ducts is in the upper
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chamber, and the simple explosion pot is in the lower one. When the short-circuit current is
large, the device functions like a cross-jet explosion pot and the rate of gas creation is very
high. When the moving contact exposes the first or second arc splitter duct, the arc is
extinguished. minimal short-circuit currents, however, allow the moving contact's tip to travel
to the lower chamber since the rate of gas creation is minimal. Due to the blockage provided
by the arc path and right-angle bends, very little leakage occurs through arc splitter ducts
during this time, allowing the gas to build up adequate pressure. The arc is put out by simple
pot action when the moving contact exits the throat. It should be observed that the device
operates less and less as a conventional explosion pot and more and more as a cross-jet
explosion pot as the severity of the short-circuit current grows. Hence the trend is to enable
self-compensation for the control across the entire spectrum of interrupted fault currents.
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Figure 5: Self-compensated explosion pots

(i) Circuit breakers with forced-blast oil: The arc in the self-blast oil circuit breakers
previously mentioned creates the pressure required to push the oil through the arc path. The
main drawback of such breakers is that when used with currents that are significantly lower
than the rated currents, arcing times frequently become prolonged and unpredictable. This is
due to the fact that at low values of fault currents, gas generation is much reduced. This
problem is solved by forced-blast oil circuit breakers, which generate the required pressure
using external mechanical methods separate from the fault currents to be broken. The piston-
cylinder setup in a forced-blast oil circuit breaker generates oil pressure.

The moving contact and the piston are mechanically connected. The protective system
separates the connections when a fault develops, and an arc is then struck between the
contacts. To put out the arc, the piston propels a jet of oil in its direction. It should be
emphasised that the production of the appropriate oil pressure is not at all dependent on the
fault current being interrupted.

Advantages

(a) Performance at low currents is more consistent with self-blast oil circuit breakers than
with oil pressure developed because it is independent of the fault current to be interrupted.

(b) There is a significant reduction in the amount of oil needed.
Low oil Circuit breakers

The oil in the bulk oil circuit breakers that have been previously addressed must serve two
purposes. It serves two purposes: first, as an arc quenching medium, and second, by isolating
the living components from the soil. It has been discovered that the majority of oil is actually
utilised for insulation, while just a little portion is actually used for arc extinction. Because of
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this, as the system voltage rises, the amount of oil in bulk oil circuit breakers increases to a
very high level. This increases the cost, tank size, and weight of the breaker as well as the
risk of fire and maintenance issues. Since only a small portion of the oil in the bulk oil circuit
breaker roughly 10% of the total is actually used to extinguish arcs, it begs the question of
why the remaining oil, which is not immediately surrounding the device, shouldn't be
removed to reduce bulk, weight, and fire risk. As a result, low-oil circuit breakers were
created. A low oil circuit breaker combines solid materials for insulation and a tiny amount of
oil that is only enough to extinguish an arc. When it comes to quenching the arc, bulk oil and
low oil circuit breakers both behave identically. The arc extinction in a low oil circuit breaker
can be made easier by utilising adequate arc control devices.
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Figure 6: Low oil Circuit breakers
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Construction: The cross section of a single-phase low oil circuit breaker is shown in Fig. 6.
Two compartments, which are apart from one another yet both filled with oil, are present.
While the lower chamber serves as support, the top chamber acts as a circuit breaker. Oil
from one chamber cannot mix with oil from the other chamber because a partition separates
the two compartments. Two benefits are possible under this setup. The circuit breaking
chamber first needs a small amount of oil, just enough to extinguish the arc. Second, because
the oil in the supporting chamber is not tainted by the arc, less oil needs to be changed.

(1) Supporting chamber: This chamber is made of porcelain and is set on a metal chamber. It
is stuffed with oil that is physically different from the oil in the compartment for circuit
breakers. The oil in the supporting chamber and the annular area created between the
bakelized paper and porcelain insulation are only used for insulation.

(i1) A chamber for breaking circuits: It is an enclosure made of porcelain that is fixed to the
top of the supporting compartment. It has the following components and is filled with oil:

(a) Fixed upper and lower connections
(b) Kinetic contact
(c)Turbulator

The moving contact is hollow and has a cylinder that descends over a piston that stays in
place. As an arc control device, the turbulator features both axial and radial vents. Axial
venting makes sure that low currents are interrupted, whilst radial venting assists in stopping
strong currents.

(iii) Top chamber: It is mounted on the circuit-breaker chamber and is made of metal. It gives
the oil in the circuit breaker box room to expand. Additionally, a separator is included in the
top chamber to stop any oil loss due to centrifugal action brought on by a circuit breaker
operating under faulty conditions.

Operation: The moving contact and top fixed contact are still in touch under normal operating
circumstances. When a fault develops, the tripping springs pull down the moving contact,
which causes an arc to be struck. Oil is vaporised by the arc energy, which also creates gases
with a high pressure. This forces a succession of oil through the various channels of the
turbulator and forces the oil to pass through a central hole in the moving contact. The arc's
parts are sequentially quenched by the effect of different streams of oil running through each
section in turn and carrying away its gases during the orderly process of turbulence [7]-[10].

Advantages: The following benefits of a low oil circuit breaker versus a bulk oil circuit
breaker:

1. Ituses less oil.

2. It takes up less room.

3. Fire risk is diminished.

4. Maintenance issues are diminished.

Disadvantages: The following drawbacks of low oil circuit breakers: compared to a circuit
breaker for bulk oil:

(i) Because there is less oil, the degree of carbonization is higher.

(i1) It is challenging to quickly remove the gases from the contact space.
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(ii1) A significant degree of carbonization causes the oil's dielectric strength to rapidly
decrease.

Maintenance of Qil circuit breaker

The general focus of oil circuit breaker maintenance is on the contacts and oil's dielectric
strength. A circuit breaker's contacts may become burned by arcing and the oil may lose some
of its dielectric strength owing to carbonization after it has repeatedly halted fault currents or
load currents. The breaker's ability to rupture is therefore lessened as a result. As a result, it is
a good habit to inspect the circuit breaker every three to six months. The following
considerations must to be kept in mind when inspecting the breaker:

1. Inspect the arcing contacts and current-carrying components. The contacts should be
changed if the burning is bad.

2. Examine the oil's dielectric strength. It should be replaced or reconditioned if the oil is

severely discoloured. A conventional oil testing cup with a 4 mm gap between the

electrodes and 30 kV applied for one minute should be able to withstand the oil in

good condition.

Check the insulation for any potential damage.

Use a sturdy, dry cloth to clean the surface and eliminate carbon buildup.

Check the oil level (optional).

(v) Inspect the tripping and closing mechanisms.

kAW

Applications of oil circuit breaker

The use of oil circuit breakers (OCBs) in electrical systems and diverse sectors is widespread.
Here are a few important uses for OCBs:Oil circuit breakers (OCBs), which have many
advantages over other types of circuit breakers, have been utilised extensively in a variety of
applications, particularly high-voltage electrical systems. We will go into the uses of OCBs in
power production, transmission, and distribution networks, as well as in industrial settings, in
more detail in this section. Power producing facilities are one of OCBs' main applications.
These plants frequently run at high voltages, and OCBs can handle the high currents and
effectively interrupt fault currents. Generator circuit breakers (GCBs) frequently employ
OCBs to safeguard generators from over currents and short circuits. The isolation of defective
generators without disrupting the rest of the power system is made possible by GCBs with
OCBs, which offer dependable protection.

1. Power Generation: In power generation facilities, OCBs are utilised to safeguard
generators from overcurrent’s and short circuits. In order to isolate defective
generators and guarantee the security of the power generating process, generator
circuit breakers (GCBs) with OCBs are used.

2. Power Transmission: OCBs are essential components of systems for power
transmission. They serve as a defence against faults and abnormalities for high-
voltage transmission lines at substations. OCBs offer dependable interruption
capabilities that enable the isolation of defective areas and stop lengthy power
outages.

3. Power Distribution: To safeguard distribution transformers and feeders, OCBs are
frequently employed in distribution substations. They prevent against overloads and
faults while ensuring the safe and dependable distribution of energy to residential,
commercial, and industrial regions.

4. Applications in Industry: OCBs are widely used in industries where reliable circuit
protection is necessary. They are used to safeguard against short circuits and
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overloads in motor control centres (MCCs), switchboards, and other equipment,
assuring the continuity of industrial processes.

5. Railway Systems: To safeguard the power supply to electric locomotives and trains,
OCBs are used in railway traction substations. The challenging conditions of railway
electrification are a good fit for OCBs due to their high breaking capacity and
dependable performance.

6. Switching Capacitive Loads: For switching capacitive loads, OCBs are preferred. In
order to increase power factor and regulate voltage, capacitors are employed in power
systems. The high inrush current that can happen while switching capacitive loads can
be safely and reliably handled by OCBs.

7. High-Voltage Applications: Because OCBs can tolerate large currents and effectively
interrupt fault currents, they are especially well suited for high-voltage applications.
They are utilised in high-voltage systems including extra-high-voltage (EHV) and
ultra-high-voltage (UHV) networks.

8. Specialised Industries: Where high currents and fault levels are common, specialised
industries such as mining, petrochemicals, and heavy manufacturing find use for
OCBs. They support maintaining the safety and dependability of important equipment
and offer strong circuit protection.

Although OCBs were frequently employed in the past, newer technologies like vacuum and
SF6 circuit breakers have become more popular because of their enhanced performance and
attention to the environment. However, OCBs continue to be used in many current
installations and in particular applications where their special qualities and benefits are
desired.OCBs are ideal for such environments since industrial settings frequently call for
strong and dependable circuit protection solutions. They are employed in fields where large
currents and fault levels are typical, including as manufacturing, mining, and petrochemicals.
In order to protect against short circuits and overloads and maintain the efficiency of
industrial operations, OCBs are used in motor control centres (MCCs), switchboards, and
other crucial equipment. In specialised fields like railway systems, OCBs are also used.
OCBs are used in railway traction substations to safeguard the electricity supply to electric
locomotives and trains. The challenging conditions of railway electrification are a good fit for
OCBs due to their high breaking capacity and dependable performance.

Capacitive load switching is an important use for OCBs. Power systems frequently employ
capacitors to enhance power factor and voltage regulation. The significant inrush current that
might happen while switching capacitive loads can strain other kinds of circuit breakers.
Because they can take high currents, OCBs are used for secure and trustworthy switching of
capacitive loads. There are numerous and varied uses for oil circuit breakers. They are widely
utilised in capacitive load switching, industrial settings, railway systems, power generation
facilities, transmission substations, and distribution systems. Overcurrent and short circuit
protection is effectively provided by OCBs, providing the secure and dependable operation of
electrical systems. While more recent innovations like vacuum and SF6 circuit breakers have
become more popular, OCBs are still used in some applications, especially where large
currents, high voltages, and reliable performance are needed. Because of their adaptability
and dependability, OCBs are a popular option in many electrical applications.

CONCLUSION

Circuit breakers are essential for maintaining the dependability and safety of electrical
systems. Based on their functioning theories and application domains, circuit breakers have
been comprehensively categorized in this chapter. Due to their effective arc quenching
capabilities and dependable performance, oil circuit breakers (OCBs) have been utilized
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extensively in high-voltage electrical systems. Oil is used by OCBs as an insulating medium
and arc quenching agent, which enables them to manage large currents and successfully
interrupt fault currents. High breaking capacity, dependable performance, and appropriateness
for high-voltage applications are just a few benefits that OCBs provide. They do, however,
have certain disadvantages, such as the necessity of routine maintenance to guarantee the
quality of the insulating oil, the potential environmental impact of oil leaks, and the difficulty
of handling and removing oil. To maintain the safe and dependable operation of OCBs,
proper maintenance and monitoring are essential. To find any degradation or contamination,
the insulating oil needs to be tested and analyzed on a regular basis. When handling, storing,
and disposing of oil, safety precautions should be taken to reduce the possibility of accidents
and environmental harm.
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ABSTRACT:

In electrical power systems, circuit breakers are essential parts that safeguard equipment and
guarantee the steady operation of the network. Circuit breakers of various types, such as air
blast, SF6 (Sulphur hexafluoride), and vacuum breakers, are employed. This chapter gives a
quick rundown of these circuit breaker technologies, emphasizing their salient features and
intended uses. An air blast circuit breaker is a particular kind of circuit breaker that uses a
high-pressure air blast to put out the arc that forms when electrical current is interrupted.
Particularly in high-voltage applications, it is one of the earliest and most commonly utilized
circuit breaker technologies. A circuit breaker's main job is to safeguard electrical devices and
the power grid against defects like overloads and short circuits. The circuit breaker stops the
flow of current when a fault develops by allowing a space between its contacts, extinguishing
the arc and stopping additional damage. Air blast circuit breakers use a special method to stop
the current. A blast valve is opened when the fault is discovered, letting high-pressure
compressed air or gas to flow through a nozzle pointed at the arc.

KEYWORDS:

Air Blast Circuit Breaker, Arc Quenching, Circuit Breaker, Sf6 Circuit Breaker, Vacuum
Circuit Breaker.

INTRODUCTION

This speedy cooling and extinction of the arc by the high-velocity air blast makes it easier to
stop the current. The air blast circuit breaker has a number of benefits. It first quickly and
effectively interrupts excessive currents, protecting both equipment and workers. Second, no
additional insulating or arc-quenching materials are required when compressed air is used as
the arc-quenching medium. As a result, the design is reasonably straightforward and
economical. Air blast circuit breakers are renowned for their dependability and longevity as
well. Air blast circuit breakers do have some restrictions, though. The high-pressure air blast
system needs routine upkeep and frequent compressed air or gas refills.

Additionally, when operating, the air blast mechanism may make noise. The overall
complexity and cost may increase in some circumstances due to the need for additional
equipment like air compressors and storage tanks. Air blast circuit breakers are still
frequently utilized in high-voltage applications where quick stoppage of strong currents is
essential despite these drawbacks. The performance, safety, and efficiency of circuit breakers
are continually being improved via research and technological breakthroughs, assuring the
dependable operation of electrical power systems [1]—[3].

High pressure air blast is used by these breakers as the arc quenching medium. When the
blast valve is opened, an airflow is created that opens the contacts. The air-blast sweeps the
arcing byproducts to the atmosphe