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Gas Insulated Switchgear (GIS) Technology
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l. Introduction
A. Definition of Gas Insulated Switchgear (GIS):

Gas Insulated Switchgear (GIS) is a type of high voltage substation that uses gas as
an insulation medium for electrical power equipment. The gas used in GIS is typically
sulfur hexafluoride (SF6) or a mixture of SF6 and other gases. GIS is commonly used
in applications where space is limited or environmental conditions are harsh, such as
in urban areas or offshore platforms.
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B. Advantages of using GIS:

There are several advantages to using GIS over traditional air-insulated switchgear
(AIS). These include:

e Reduced space requirements: GIS equipment takes up significantly less space
than AIS equipment, making it ideal for applications where space is limited.

e Better reliability: Because GIS is sealed and insulated with gas, it is less
susceptible to environmental factors like moisture and dust, which can cause
outages in AIS equipment.

e Lower maintenance costs: GIS equipment requires less maintenance than AIS
equipment, since it is less susceptible to wear and tear and environmental
factors.

e Improved safety: The use of gas as an insulation medium in GIS makes it less
susceptible to electrical arcing and other hazards.

C. Purpose of the ebook:

The purpose of this ebook is to provide a comprehensive overview of GIS technology,
including its components, applications, testing and maintenance procedures, and
safety considerations. Itis intended for engineers, technicians, and other professionals
who work with high voltage power equipment, as well as students and researchers
who are interested in learning about the latest developments in GIS technology. The
ebook will provide readers with a deeper understanding of GIS and its advantages
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over traditional AIS equipment, as well as insights into future trends and developments
in the field.

lI. GIS Components
A. Circuit Breaker:

A circuit breaker is a device used to interrupt or switch off an electrical circuit when an
abnormal condition such as a short circuit or overload occurs. In GIS, the circuit
breaker is a key component of the system and is used to protect other components
and the electrical grid from damage due to these abnormal conditions.

Cable Terminal

In GIS, the circuit breaker is
typically located in a separate
compartment within the GIS
enclosure, and is connected to the
busbar and other components
using high voltage cables. The = - i i
circuit breaker consists of @  arcchamber = SO Hande
mechanical switch mechanism and
a set of electrical contacts, which o e
are designed to interrupt and Mounting
isolate the electrical circuit when

an abnormal condition occurs.

Contact
—

Cail
Assembly

Circuit breakers require regular
testing and maintenance to ensure
their proper operation and to detect
any signs of degradation or failure. Testing methods may include verifying the switch
position and contact resistance, checking for insulation resistance, and performing
dielectric tests.

Bi-Metal

Cable Terminal THa 6. ElgfiHE

It's important to ensure that the circuit breaker is properly sized for the application, and
that it is capable of safely interrupting the electrical current and voltage present in the
system. Proper grounding and bonding of the circuit breaker and associated cables is
also critical for the safety and reliability of the GIS system.

B. Disconnector Switch:

A disconnector switch, also known as an isolation switch or disconnect switch, is a
device used to isolate a circuit or component in the GIS system from the rest of the
system. The disconnector switch is typically used for maintenance or repair work, or
for isolating a faulty component from the rest of the system.

In GIS, the disconnector switch is typically located in a separate compartment within
the GIS enclosure, and is connected to the busbar and other components using high
voltage cables. The disconnector switch consists of a mechanical switch mechanism

www.open2hire.com




and a set of electrical contacts, which are
designed to safely interrupt and isolate the
electrical circuit.

Disconnector switches require regular testing
and maintenance to ensure their proper
operation and to detect any signs of
degradation or failure. Testing methods may
include verifying the switch position and
contact resistance, checking for insulation
resistance, and performing dielectric tests.

It's important to ensure that the disconnector
switch is properly sized for the application, and
that it is capable of safely interrupting the
electrical current and voltage present in the system. Proper grounding and bonding of
the switch and associated cables is also critical for the safety and reliability of the GIS
system.

C. Grounding Switch:

A grounding switch, also known as an earthing switch or ground switch, is a device
used to safely ground a circuit or component in the GIS system. The grounding switch
is typically used to isolate a circuit or component from the rest of the system, so that
maintenance or repair work can be performed safely.

In GIS, the grounding switch is typically located in a separate compartment within the
GIS enclosure, and is connected to the busbar and other components using high
voltage cables. The grounding switch consists of a mechanical switch mechanism and
a set of electrical contacts, which are designed to safely interrupt and ground the
electrical circuit.

Grounding switches require regular testing and
maintenance to ensure their proper operation and to
detect any signs of degradation or failure. Testing
methods may include verifying the switch position
and contact resistance, checking for insulation
resistance, and performing dielectric tests.

It's important to ensure that the grounding switch is
properly sized for the application, and that it is
capable of safely interrupting the electrical current
and voltage present in the system. Proper grounding
and bonding of the switch and associated cables is
also critical for the safety and reliability of the GIS
system.
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D. Busbar:

A busbar is a conductor that connects multiple electrical components in the GIS
system, such as the circuit breaker, disconnector switch, VTs, and CTs. The busbar
serves as a central point of connection for these components, allowing electrical
current and voltage to flow between them.

In GIS, the busbars are typically made of aluminum or copper, and are designed to
withstand the high currents and voltages present in the system. The busbars are
typically located in a separate compartment within the GIS enclosure, and are
insulated from the other components using insulating materials such as SF6 gas or
epoxy resin.

Busbars require regular inspection and maintenance to ensure their proper operation
and to detect any signs of degradation or failure. Inspections may include visual
inspections, infrared thermography, and electrical tests such as resistance and
impedance measurements.

It's important to ensure that the busbars are properly sized for the application, and that
they are not overloaded or subjected to high levels of fault current or voltage. Proper
grounding and bonding of the busbars is also critical for the safety and reliability of the
GIS system.

E. Current Transformer:

A current transformer (CT) is a device used to measure electrical current in the GIS
system. The CT consists of a primary

winding, which is connected in series [ gigl:‘aT:mm'
with the electrical conductor carrying the j‘ }— -

current, and a secondary winding, which

is connected to the measuring
instrument.

In GIS, the current transformer is
typically installed on the high voltage
side of the circuit breaker, and is used to Insulator
provide current measurements for
protection and control purposes. The CT
is wusually located in the same
compartment as the circuit breaker and
the disconnector switch.

Secondary
Terminal Box

O

The CT is designed to have a high

degree of accuracy and to be able to withstand the high voltages and currents present
in the GIS system. CTs used in GIS are typically of the electromagnetic type, and
consist of a core made of laminated steel and copper windings.
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CTs require regular testing and calibration to ensure their proper operation and
accuracy. Testing methods may include verifying the CT ratio, checking for insulation
resistance, and measuring the CT saturation curve. It's important to ensure that the
CT is properly sized for the application, and that it is not overloaded or subjected to
high levels of fault current.

Overall, the CT is a critical component of the GIS system, and plays an important role
in ensuring the safety and reliability of the electrical power system.

F. Voltage Transformer:

A voltage transformer (VT), also known as a potential transformer, is a device used to
measure electrical voltage in the GIS system. The VT consists of a primary winding,
which is connected across the electrical voltage to be measured, and a secondary
winding, which is connected to the measuring instrument.

What is a Potential Transformer (PT) / Voltage Transformer? [ GIS, the voltage

transformer is  typically
installed on the high voltage
side of the circuit breaker or
on the busbars, and is used
to provide voltage
measurements for protection
and control purposes. The VT
is usually located in a
separate compartment within
the GIS enclosure.

(I
|
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The VT is designed to have a
high degree of accuracy and
to be able to withstand the

1. Expansion Bellow 2. Primary Terminal 3. Bushing 4. Secondary terminal Box

5. Core/Coil Assembly 6. Qil-Level Indicator 7. Porcelain/Composite Insulator h Ig h V0|t3~g es present in the

8. Secondary Terminal Box 9. Expansion Bellow 10. Lifting Eye 11. Primary Terminal H
12. Post Type Porcelain Insulator 13. Bushing 14. Two Coil & Core Assembly GIS SyStem . VTS used in GIS
15. Transformer Tank 16. Post Type Porcelain/ Composite Insulator are typlcal Iy of the

17. Oil to Air Seal Bock 18. Secondary Terminal Box

electromagnetic type, and
consist of a core made of laminated steel and copper windings.

VTs require regular testing and calibration to ensure their proper operation and
accuracy. Testing methods may include verifying the VT ratio, checking for insulation
resistance, and measuring the VT burden. It's important to ensure that the VT is
properly sized for the application, and that it is not overloaded or subjected to high
levels of fault voltage.

G. Surge Arresters
Surge arresters are devices that protect the GIS system from over voltages caused
by lightning, switching surges, or other electrical disturbances. When an overvoltage
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occurs, the surge arrester provides a low-impedance path to ground, diverting the
excess energy away from the GIS system and preventing damage to the equipment.

In GIS, surge arresters are typically installed on the incoming and outgoing feeder
lines, as well as on the transformer terminals. The surge arresters used in GIS are
typically of the metal-oxide (MO)
type, which consist of a stack of
metal-oxide discs with an
insulating coating.

N, [nstalling bar

The MO surge arrester is
designed to have a nonlinear
voltage-current characteristic,
which means that as the voltage
across the arrester increases, the
current flowing through it also
increases rapidly. This helps to
limit the voltage across the GIS
system to a safe level, preventing
damage to the equipment.

T Arrester unit

Insulator

e ; :
""" Upper discharging
electrode

Bottom discharging

Conductor electrode

(b)

It's important to note that surge arresters have a limited lifespan and may need to be
replaced periodically. The lifespan of a surge arrester depends on various factors such
as the frequency and magnitude of over voltages, the temperature and humidity of the
GIS environment, and the type of surge arrester used.

Regular testing and maintenance of the surge arresters is also necessary to ensure
their proper operation and to detect any signs of degradation or failure. Testing
methods may include visual inspections, electrical tests, and acoustic measurements.

lIl. GIS Technology
A. Insulation Medium in GIS

The insulation medium used in Gas Insulated Switchgear (GIS) plays a critical role in
the safe and reliable operation of the system. The insulation medium is used to
separate and insulate the high voltage components of the GIS system from one
another and from the metal enclosure that houses the components.

The most commonly used insulation medium in GIS is sulfur hexafluoride (SF6) gas.
SF6 is a synthetic gas with excellent insulation properties, high dielectric strength, and
low toxicity. It is chemically stable, non-flammable, and non-reactive, making it an ideal
insulation medium for GIS systems.

SF6 gas is used to fill the metal enclosure of the GIS system, and the gas pressure is
maintained at a constant level to ensure the proper insulation performance. The gas
is circulated within the GIS system to ensure a uniform distribution of the insulation
medium, and it is also used to cool the system components during operation.
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Other insulation media that may be used in GIS systems include nitrogen gas and dry
air. These insulation media are less commonly used in GIS systems, but may be
preferred in certain applications due to their lower environmental impact and/or lower
cost compared to SF6 gas.

Regardless of the insulation medium used in a GIS system, proper maintenance and
monitoring are critical to ensure the safety and reliability of the system. Regular
inspections, testing, and maintenance procedures should be performed on the GIS
system to ensure the proper function of the insulation medium and to detect any signs
of degradation or failure.

B. Gas Handling System

The gas handling system in Gas Insulated Switchgear (GIS) is a critical component

that is responsible for maintaining the high voltage insulation gas in a safe and reliable

manner. The gas handling system typically includes gas storage tanks, gas transfer

units, gas monitoring equipment, gas purification equipment, and gas recycling
equipment.

The gas storage tanks are
= used to store the insulation
) gas (usually SF6) at a high
pressure. The gas transfer
units are used to transfer the
gas from the storage tanks
to the GIS system, and vice
versa. The gas monitoring
equipment is wused to
monitor the gas pressure
and quality to ensure that it
meets  the necessary
standards for safe and
reliable operation of the GIS
system.

The gas purification
equipment is used to
remove impurities from the
insulation gas that may be present due to leaks or degradation of the GIS components.
The gas recycling equipment is used to recycle the gas that has been removed from
the GIS system during maintenance or repair activities.

Proper handling and management of the insulation gas is critical for the safety and
reliability of the GIS system. Gas handling procedures must be strictly adhered to in
order to prevent leaks and ensure the safe handling and transport of the gas.
Additionally, the insulation gas should be properly disposed of or recycled at the end
of its useful life to minimize the environmental impact of the GIS system.
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C. GIS Configuration

Gas Insulated Switchgear (GIS) can be configured in a variety of ways depending on
the specific application and requirements of the electrical system. The basic
configuration of GIS includes the metal enclosure that houses the high voltage
components, such as the circuit breaker, disconnector switch, current transformer,
voltage transformer, surge arrester, and busbars. The enclosure is filled with a high-
insulation gas such as sulfur hexafluoride (SF6) to insulate and separate the
components from one another.

The components of GIS can be arranged in several different ways to achieve different
electrical configurations, such as single busbar, double busbar, or ring bus. In a single
busbar configuration, all the high voltage components are connected to a single
busbar. In a double busbar configuration, there are two busbars and all the high
voltage components are connected to both of them. In a ring bus configuration, there
is a main busbar that encircles the GIS and each high voltage component is connected
to the main busbar.

The choice of GIS configuration depends on several factors, such as the electrical load
requirements, the availability of redundant components, and the system reliability
requirements. The double busbar configuration provides redundancy and increased
reliability compared to the single busbar configuration, while the ring bus configuration
provides even greater reliability and flexibility by allowing for multiple paths for the
electrical current.

The configuration of GIS can also include features such as remote control, monitoring
and diagnostic systems, and safety interlocks to improve the safety and reliability of
the system. These features can help to detect and isolate faults in the GIS system,
and can provide early warning of potential failures or issues.

Overall, the configuration of GIS is an important consideration in the design and
operation of electrical power transmission and distribution systems. Proper
configuration can improve system reliability, safety, and efficiency, while ensuring
compliance with regulatory requirements and standards.

D. Enclosure Design

The enclosure design of Gas Insulated Switchgear (GIS) is a critical aspect of the
overall system design, as it provides physical protection to the high voltage
components and ensures the safe operation of the system. The enclosure of GIS is
typically made of metal and designed to be gas-tight to prevent the leakage of the
insulating gas, which can be hazardous to human health and the environment.

The enclosure design of GIS can vary depending on the specific application and
requirements of the electrical system. However, some common features of GIS
enclosure design include:
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e Modular design: The GIS enclosure is often designed in a modular fashion to
allow for easy installation, maintenance, and expansion of the system.

e Access panels: The enclosure is typically equipped with access panels that
provide easy access to the high voltage components for maintenance and
repair.

e Cable entry: The enclosure is designed to accommodate the entry and exit of
high voltage cables to connect the GIS system to the electrical grid.

e Ventilation: The enclosure may be equipped with ventilation systems to
dissipate heat generated by the high voltage components.

e Safety interlocks: The enclosure may be equipped with safety interlocks that
prevent access to high voltage components when the system is energized.

e Grounding: The enclosure is typically grounded to ensure the safe operation of
the system.

The enclosure design of GIS is also subject to various international standards and
regulations, which specify the requirements for the design, construction, and testing
of the enclosure. These standards ensure that the enclosure is designed to withstand
the electrical, mechanical, and environmental stresses that the system may encounter
during operation.

IV. GIS Applications

A. High Voltage Substations: GIS is commonly used in high voltage substations to
provide reliable and efficient transmission and distribution of electrical power. The
compact design of GIS allows for a high voltage substation to be installed in a relatively
small area, making it well-suited for urban and densely populated areas. GIS can be
used for a variety of high voltage substation applications, including primary and
secondary distribution, as well as transmission connections.

B. Power Plants: GIS can be used in power plants to connect generators to the
electrical grid. This includes both traditional thermal power plants and renewable
energy sources, such as wind and
solar power plants. GIS can also be
used in the distribution and
transmission of power generated by
power plants.

C. Industrial Applications: GIS
can be used in a variety of industrial
applications, including chemical
plants, oil and gas refineries, and
mining  operations. In  these 4
applications, GIS can be used to -
provide reliable and efficient
distribution and transmission of
electrical power.
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D. Offshore Platforms: GIS can be used on offshore platforms to provide reliable
electrical power to oil and gas production and exploration operations. The compact
design of GIS is well-suited for offshore applications, where space is at a premium.

E. Railways: GIS is commonly used in railway applications to provide reliable and
efficient electrical power to trains and railway infrastructure. This includes both urban
and intercity railway systems, such as metro systems and high-speed rail networks.

V. GIS Testing
Testing is a critical aspect of Gas Insulated Switchgear (GIS) to ensure its safe and
reliable operation

1. Type test

Type tests are performed on representative samples of Gas Insulated Switchgear
(GIS) equipment to verify the electrical and mechanical properties of the equipment.
These tests are conducted to ensure that the GIS equipment complies with the
international standards and specifications, such as the International Electrotechnical
Commission (IEC) standards.

The following are the common type tests conducted on GIS equipment:

R -
: ' \ -
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Power Frequency Withstand Voltage Test: This test is performed to verify the
insulation strength of the GIS equipment under normal operating conditions. The test
involves applying a power frequency voltage of a specified level for a specific duration
between the high voltage and earthed metal parts of the GIS equipment.

Lightning Impulse Voltage Test: This test is performed to verify the insulation
strength of the GIS equipment against lightning surges. The test involves applying a
high voltage impulse of specified amplitude and duration to the GIS equipment.
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Temperature Rise Test: This test is performed to verify the temperature rise of the
GIS equipment when it is operating at full load. The test involves measuring the
temperature of the equipment during operation and comparing it to the specified
temperature limits.

Short Circuit Withstand Test: This test is performed to verify the ability of the GIS
equipment to withstand the mechanical and thermal stresses during a short circuit
fault. The test involves applying a short circuit current to the GIS equipment for a
specified duration and measuring the equipment's response.

Mechanical Endurance Test: This test is performed to verify the mechanical strength
and durability of the GIS equipment. The test involves subjecting the equipment to a
specified number of mechanical operations, such as opening and closing of the circuit
breaker, and measuring its response.

Electromagnetic Compatibility (EMC) Test: This test is performed to verify the GIS
equipment's ability to operate without interference from electromagnetic fields. The
test involves measuring the equipment's response to a range of electromagnetic fields.

The type tests are usually performed by independent testing laboratories accredited
by the relevant regulatory authorities. The testing laboratories provide detailed test
reports, which include the test procedures, test results, and equipment performance
data. The test reports are used to certify the GIS equipment's compliance with the
international standards and specifications.

Type tests are typically performed once during the manufacturing process of the GIS
equipment. The tests are costly and time-consuming and require specialized
equipment and expertise. However, they are essential to ensure the safe and reliable
operation of the GIS equipment under various operating conditions.

In conclusion, type tests are an essential aspect of the GIS equipment's design,
manufacturing, and certification process. They help to ensure the GIS equipment's
compliance with the international standards and specifications, and its safe and
reliable operation in various applications.

2. Routine tests

Routine tests are performed on Gas Insulated Switchgear (GIS) equipment to verify
its functionality and performance before commissioning. The routine tests are usually
conducted in the factory before shipment or on-site after installation. The tests include
electrical, mechanical, and functional tests to ensure that the GIS equipment meets
the specified requirements and functions as intended.

The following are the common routine tests conducted on GIS equipment:

Power Frequency Withstand Voltage Test: This test is similar to the power
frequency withstand voltage test conducted during type testing. It is performed on each
phase of the GIS equipment to verify its insulation strength under normal operating
conditions.
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Partial Discharge Test: This test is performed to detect any partial discharge activity
within the GIS equipment. The test involves applying a high voltage to the equipment
while monitoring for any partial discharge activity.

Insulation Resistance Test: This test is performed to verify the insulation resistance
of the GIS equipment. The test involves measuring the insulation resistance between
the high voltage and earthed metal parts of the equipment.

Contact Resistance Test: This test is performed to verify the contact resistance of
the GIS equipment's primary circuit. The test involves measuring the resistance
between the main contacts of the circuit breaker.

L AT w— High Voltage Test for
: Control Circuits: This testis
performed to verify the
insulation strength of the GIS
equipment's control circuits.
The test involves applying a
high voltage to the control
circuit and measuring its
insulation resistance.

Switchgear Content

Mechanical Operations
Test: This test is performed
to verify the mechanical
strength and durability of the
. | GIS equipment. The test

L . involves  subjecting  the
equipment to a specified number of mechanical operations, such as opening and
closing of the circuit breaker, and measuring its response.

Functional Test: This test is performed to verify the GIS equipment's functionality and
performance. The test involves verifying the correct operation of the equipment's
control, protection, and monitoring systems.

The routine tests are usually conducted using standard testing equipment and
procedures specified by the manufacturer or the international standards. The test
results are recorded in a test report, which includes the test procedures, test results,
and equipment performance data. The test report is used to certify the GIS
equipment's compliance with the specified requirements and its readiness for
commissioning.

In conclusion, routine tests are essential to ensure the safe and reliable operation of
the GIS equipment. They help to detect any potential defects or malfunctions in the
equipment and ensure its compliance with the specified requirements.
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3. Special Tests

Special tests are performed on Gas Insulated Switchgear (GIS) equipment to evaluate
its performance under specific operating conditions or to investigate any issues or
defects identified during the routine or type tests. These tests are usually conducted
in the laboratory or on-site using specialized equipment and procedures.

The following are some of the common special tests conducted on GIS equipment:

Short Circuit Withstand Test: This test is performed to verify the GIS equipment's
ability to withstand short-circuit currents. The test involves applying a high current to
the equipment for a specified duration and measuring its response.

Dynamic Contact Resistance Measurement (DRM) Test: This test is performed to
verify the contact resistance of the GIS equipment's primary circuit during a dynamic
condition, such as a short-circuit or switching operation. The test involves measuring
the contact resistance during the dynamic condition using specialized equipment.

Switching Impulse Withstand Voltage Test: This test is performed to verify the GIS
equipment's insulation strength against lightning over voltages or switching surges.
The test involves applying a high voltage impulse to the equipment and measuring its
response.

Temperature Rise Test: This test is performed to verify the GIS equipment's ability to
dissipate heat under normal operating conditions. The test involves applying a rated
current to the equipment for a specified duration and measuring its temperature rise.

Seismic Withstand Test: This test is performed to verify the GIS equipment's ability
to withstand seismic events, such as earthquakes. The test involves subjecting the
equipment to simulated seismic forces using specialized equipment.

Electromagnetic Compatibility (EMC) Test: This test is performed to verify the GIS
equipment's electromagnetic compatibility with other equipment in the system. The
test involves subjecting the equipment to various electromagnetic fields and
measuring its response.

Gas Leakage Test: This test is performed to verify the GIS equipment's tightness and
leakage rate. The test involves pressurizing the GIS equipment with a gas and
measuring any gas leakage using specialized equipment.

The special tests are usually conducted by specialized testing laboratories using
equipment and procedures specified by the manufacturer or the international
standards. The test results are recorded in a test report, which includes the test
procedures, test results, and equipment performance data. The test report is used to
investigate any issues or defects identified during the routine or type tests and to verify
the GIS equipment's performance under specific operating conditions.

In conclusion, special tests are essential to evaluate the GIS equipment's performance
under specific operating conditions and to investigate any issues or defects identified
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during the routine or type tests. They help to ensure the GIS equipment's safe and

reliable operation in various applications and conditions.

VI. Maintenance of GIS in detail

Gas Insulated Switchgear (GIS) requires regular maintenance to ensure its safe and

reliable operation throughout

its service life. The maintenance of GIS can be

categorized into three types, namely, daily maintenance, periodic maintenance, and

special maintenance.

Daily Maintenance: Daily maintenance is carried out by the operators or maintenance
personnel and includes visual inspections, checks, and tests. The following are some
of the tasks involved in daily maintenance:

leakage

Visual inspection of the GIS equipment to detect any abnormality, damage, or

Check the SF6 gas pressure and level of SF6 gas in the GIS equipment
Check the condition of the GIS equipment's mechanical components, such as

the contacts, busbars, insulators, and joints

Busbar

u

w

Maintenance
earthing switch

/

CB operating box

\

\—-Jl

Check the operation of the GIS equipment's protection and control systems
Lubrication of moving parts, if required

Voltage transformer

hgt:
Tn

Busbar disconnector
Line disconnector
Make-proof
earthing
switch

b

.x\\.,

.4
l

Maintenance
| earthing
| switch

Current

transformer- |
Cable

sealing end

Ze

Circuit breaker

Periodic Maintenance: Periodic maintenance is carried out periodically, as per the
manufacturer's recommendations or the maintenance schedule. The following are
some of the tasks involved in periodic maintenance:
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Inspection and testing of the GIS equipment's insulation system, including the
bushings, insulators, and cables, for any signs of degradation or defects
Inspection and testing of the GIS equipment's mechanical components, such
as the contacts, busbars, insulators, and joints, for any signs of wear or damage
Cleaning and tightening of the GIS equipment's connections and fasteners
Calibration and testing of the GIS equipment's protection and control systems
Replacement of worn-out or damaged parts, such as contacts, insulators, and
bushings

Measurement and recording of the SF6 gas density, purity, and moisture
content

Special Maintenance: Special maintenance is carried out in case of any abnormality

or failure in the GIS equipment's operation or performance. The following are some of
the tasks involved in special maintenance:

Investigation of the cause of the abnormality or failure in the GIS equipment's
operation or performance

Repair or replacement of the faulty or damaged components, such as the
contacts, insulators, or bushings

Replenishment or replacement of the SF6 gas, if required

Retesting of the GIS equipment after the repairs or replacements are carried
out

In addition to the above maintenance tasks, it is also essential to follow some general
guidelines to ensure the safe and reliable operation of GIS equipment, such as:

The SF6 gas in the GIS equipment should be handled and stored as per the
manufacturer's recommendations to prevent leakage or contamination

The GIS equipment should be operated within its specified environmental and
operating conditions to avoid any damage or degradation

The GIS equipment's operation should be monitored and recorded to detect
any abnormality or deviation from the expected performance

The GIS equipment should be inspected and tested before and after any
maintenance or repair work is carried out to ensure its proper functioning.

Proper maintenance of GIS equipment is essential to ensure its safe and reliable
operation and prevent any unexpected failures or accidents. It is recommended to
follow the manufacturer's maintenance guidelines and consult experienced
professionals for any maintenance work on the GIS equipment.

VII. Safety Precautions
A. Safety Measures During Installation

During installation, the following maintenance safety measures should be observed to
avoid accidents and ensure smooth installation:
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Personnel involved in the installation process should be trained in handling GIS
components and have the appropriate personal protective equipment (PPE)
such as gloves, safety glasses, and protective clothing.

All components should be inspected for any damage during transportation to
the installation site.

The installation site should be free of any obstructions or hazards that may
hinder the installation process.

Before starting the installation process, all electrical power sources should be
disconnected, and earthing devices should be installed to discharge any
residual electrical charge.

The installation should be done in a well-ventilated area to avoid the
accumulation of hazardous gases that may be present in the GIS components.

B. Safety Measures During Operation

During operation, the following safety measures should be observed to ensure the
proper functioning of GIS and the safety of personnel involved:

Regular inspection and maintenance of GIS components should be carried out
to ensure that they are in good working condition.

Before operating GIS, all personnel involved should receive proper training on
how to operate the system and handle any emergencies that may arise.

Any signs of gas leakage or abnormal vibrations from the GIS components
should be immediately reported and attended to by a qualified technician.
During normal operation, regular monitoring of the GIS system should be done
to detect any abnormal behaviour or fluctuations in the system's parameters
such as gas pressure, temperature, and humidity.

C. Safety Measures During Maintenance

During maintenance, the following safety measures should be observed to ensure the
safety of personnel involved and avoid any damage to the GIS components:

All personnel involved in maintenance activities should receive proper training
on how to handle GIS components and the appropriate PPE to use.

Before starting any maintenance activity, all electrical power sources should be
disconnected, and earthing devices should be installed to discharge any
residual electrical charge.

Gas pressure in GIS components should be discharged and neutralized before
any maintenance activity to avoid the risk of gas explosion or fire.

All maintenance activities should be carried out by qualified technicians with the
appropriate tools and equipment to avoid any damage to the GIS components.
After the completion of maintenance activities, all components should be
thoroughly inspected to ensure that they are in good working condition before
re-energizing the system.
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VIII. Future Trends and Developments
A. Integration with Renewable Energy Sources:

The increasing penetration of renewable energy sources, such as solar and wind
power, into the power grid has resulted in the need for advanced technologies to
manage the intermittent power supply. GIS technology offers several benefits for
integrating renewable energy sources into the grid, such as the compact size, high
reliability, and flexible configuration. GIS equipment can be used for the connection
and protection of renewable energy sources, such as solar farms, wind farms, and
hydroelectric power plants.

B. Digitalization of GIS

Digitalization of GIS involves the integration of digital technologies, such as sensors,
communication networks, and data analytics, into the GIS equipment. This enables
the monitoring, control, and optimization of the GIS equipment's operation and
performance, leading to improved reliability, efficiency, and safety. Digitalization of GIS
equipment also enables the implementation of advanced maintenance strategies,
such as condition-based maintenance and predictive maintenance.

C. Advancements in Insulation Materials

The insulation material used in GIS equipment plays a crucial role in ensuring the safe
and reliable operation of the equipment. With the growing demand for GIS equipment,
there is a need for advancements in insulation materials that offer higher performance
and durability. Some of the advancements in insulation materials include the
development of composite insulation materials that offer better mechanical strength
and resistance to electrical and thermal stresses. Other advancements include the use
of eco-friendly insulation materials, such as dry air or nitrogen, to reduce the
environmental impact of SF6 gas used in GIS equipment.

IX. Conclusion
A. Summary of Key Points:

e Gas Insulated Switchgear (GIS) is a high voltage equipment that uses SF6 gas
as the insulation medium to provide compact and reliable solutions for power
transmission and distribution.

e GIS equipment offers several advantages, such as the compact size, high
reliability, and low maintenance requirements, making it a popular choice for
high voltage applications.

e GIS equipment consists of various components, such as surge arresters,
current transformers, voltage transformers, busbars, grounding switches,
disconnect switches, and circuit breakers.

e GIS technology finds applications in high voltage substations, power plants,
industrial applications, offshore platforms, and railways.
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e The maintenance of GIS equipment is crucial to ensure its safe and reliable
operation, and it involves regular inspection, testing, and replacement of faulty
components, as well as replenishment of SF6 gas.

e The advancements in GIS technology include the integration with renewable
energy sources, digitalization, and advancements in insulation materials.

B. Final Thoughts:

GIS technology has revolutionized the way high voltage power transmission and
distribution are carried out, offering compact and reliable solutions that have several
advantages over traditional technologies. With the increasing demand for high voltage
applications and the growing need for renewable energy integration, GIS technology
is expected to continue to evolve and improve, providing even better solutions for the
future.

C. Call to Action:

If you are interested in learning more about Gas Insulated Switchgear (GIS)
technology, | encourage you to explore the topic further. You can find a wealth of
information on GIS technology from industry publications, academic journals, and
online resources. If you are involved in the planning, design, or operation of high
voltage power systems, consider the advantages of GIS technology and whether it
could be a suitable solution for your needs. Finally, as with any high voltage
equipment, it is important to follow proper safety procedures and regulations when
working with GIS equipment.
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