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Abstract 

With the adoption of new sensor technologies and the expansion of IoT 

devices, the digitalization of produced goods has now become a phenomena. 

People who own massive, expensive machinery would like to maintain track of 

the important characteristics of their assets. As a result, medium voltage 

equipment, particularly switchgear diagnostics, has grown in value. With 

varied degrees of tolerance and operating efficiency, on-site studies and 

monitoring of circuit breaker drives, contacts, gas quality, gas density, and 

partial discharges might be accomplished. They are installed at substations to 

provide energy to cities via electrical networks such as overhead power lines 

and subterranean cables. Because of the high voltage and current flow, safety 

and efficiency are key problems with this equipment. As a result, numerous 

types of sensors are utilised in the system to monitor its operation. This article 

gives a comprehensive assessment of the Switchgear Study, its 

implementations, and the issues found. 

 

Keywords: Medium Voltage Switchgears, Gas Insulated Switchgear, IoT, 

Safety methods, Operational Efficiency, System Performance. 

 

INTRODUCTION 

Switchgear was invented before electricity. 

The initial prototypes were relatively 

simple, with all parts affixed directly to a 

wall. They were then mounted in wooden 

frames. For fire safety reasons, the wood 

was replaced with slate or marble. Because 

the switching and measuring devices could 
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be attached to the front while the wire was 

on the back, additional changes were 

made. A tumbler switch with an ordinary 

fuse is the most basic sort of switchgear, 

and it was used to operate and secure 

lights and other equipment in homes, 

offices, and other locations. To regulate 

and safeguard higher-rated circuits, a high- 

rupturing capacity (H.R.C.) fuse and a 

switch can be utilised. Furthermore, in a 

high-voltage grid, such switchgear is 

unprofitable. Electrical disconnect 

switches, fuses, and circuit breakers 

comprise switchgear, which is used to 

operate, secure, and separate electrical 

equipment in an electric power system. 

Switchgear is used to de-energize 

machinery in order to perform 

maintenance on it and to remove problems 

downstream[1]. This sort of equipment is 

closely related to the efficiency of the 

power supply. Arc energy may be safely 

stored and handled with oil-filled 

switchgear. By the early twentieth century, 

it was nearly certain that a switchgear 

lineup would consist of a metal-enclosed 

structure with electrically controlled 

switching components and oil circuit 

breakers. Today, air-blast, vacuum, or SF6 

equipment has effectively replaced oil- 

filled equipment, allowing automated 

equipment to safely handle a wide range of 

currents  and  input  voltages.  Control 

components that conduct or disrupt the 

flow of electrical power, such as switches, 

circuit breakers, fuses, and lightning, and 

control systems for monitoring, 

controlling, and safeguarding power 

driving elements, such as control panels, 

current transformers, future transformers, 

protection relays, and related circuits, 

comprise a switchgear assembly. One of 

the most fundamental elements of 

switchgear is security, which is the 

interruption of short-circuiting and 

overload fault currents while maintaining 

operation on unaffected circuits Gts. 

Switchgear also provides circuit isolation 

from power supply. Switchgear can also 

increase system availability by allowing 

many sources to supply a load at the same 

time. Gas-insulated switchgear takes up 

less space than air-insulated equipment, 

although it is more expensive. The gas- 

insulated switchgear is an effective, but 

more expensive, kind of switchgear. Gas- 

insulated switchgear takes up less space 

than air-insulated switchgear, but the 

equipment is more expensive. Pressurized 

sulphur hexafluoride gas (SF6) is used to 

insulate conductors and contacts in 

switchgear (GIS)[2]. The combination of 

components in the switchgear enclosure 

allows them to interrupt fault currents of 

thousands of volts. A circuit breaker is the 

key  component  that  interrupts  fault 
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currents (located inside a switchgear 

enclosure). The arc must be quenched with 

caution when the circuit breaker splits 

apart the contacts (disconnects the circuit). 

Gas (SF6) circuit breakers employ a 

magnetic field to lengthen the arc and then 

focus on the dielectric power of the SF6 

gas to quench the extended arc. Because 

there is little to ionise other than the 

contact material in vacuum interrupter 

circuit breakers, the arc quenches as it is 

extended by a little distance 

(approximately 2-8 mm)[3]. Because the 

arc isn't hot enough to maintain a plasma 

at zero current, the current ceases, and the 

vacuum can endure the voltage spike. 

Vacuum circuit breakers are extensively 

used in current medium-voltage 

switchgear up to 40,500 volts. Vacuum 

circuit breakers are inappropriate for 

breaking high DC voltages because there 

is no "current zero" period for DC. By 

beginning to gasify the contact material, 

the plasma arc may be fed on its own[4]. 

Because of its good isolation and thermal 

qualities, SF6 is now often used as the 

insulation and break-down medium in 

medium voltage GIS. While SF6 has many 

advantages, it is also the world's most 

harmful greenhouse gas. Only SF6 

pollution contributed 0.5% of global 

warming per year. Because of SF6's severe 

greenhouse effects, a different approach to 

SF6 in switchgear is necessary. [5] 

 

TYPES OF SWITCHGEAR 

The switchgear is available in three 

different types: LV (Low Voltage), MV 

(Medium Voltage), and HV (High 

Voltage). 

 

Low Voltage Switchgear 

A power grid that runs at less than 1 kV is 

referred to as low voltage switchgear. The 

power distribution transformer's secondary 

(low-tension) side also includes low- 

voltage switchgear. A substation is an 

assembly of transformers and switchgear. 

Low-voltage switchgear is typically used 

to supply LV-MCCs and low-voltage 

switchboards, as well as various branch 

and feeder systems. It provides energy and 

process power to key energy and process 

applications such as heavy industry, 

construction, mining and steel, 

petrochemical, pulp and paper, water, 

datacenters, and healthcare. Switches, LV 

circuit breakers, HRC fuses, earth leakage 

(EL), disruptive circuit breakers, 

unloading electrical insulators, MCBs, and 

MCCBs are among the most popular 

pieces of equipment. [6] 
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Medium Voltage Switchgear 

A medium voltage switchgear device can 

handle voltages ranging from 3 to 36 kV. 

There are several kinds available, 

including metal-enclosed outdoor type, 

metal-enclosed interior type, and outdoor 

type without metal enclosure. In this type 

of switchgear, vacuum, SF, and oil can all 

be employed as disturbance media. This 

type of power network's principal duty is 

to interrupt current flow in the case of a 

grid breakdown. This is utilised in a 

number of applications and is capable of 

ON/OFF service, short circuit current 

interference, capacitive current switching, 

and inductive current switching. Examples 

of uses include arc furnaces, medium- 

voltage electrical transmission lines, SF6 

gas-insulated, air magnetic, gas-insulated, 

vacuum, and electrical power producing 

stations [7]. 

 

High Voltage Switchgear 

A power system that works with voltages 

more than 36 kV is known as high voltage 

switchgear. Because of the high voltage 

level, the arcing caused during switching 

operation is likewise quite high. As a 

result, greater care should be used while 

constructing high-voltage switchgear. 

Because the high voltage circuit breaker 

(CB) is the most critical component of HV 

switchgear,  it  must  include  particular 

qualities to ensure safe and reliable 

functioning. It is extremely improbable 

that high-voltage circuits would have 

defective tripping and switching 

operations. caused by friction in the 

dielectric contact inside the circuit breaker, 

which may result in the destruction of the 

entire system or workplace in the worst 

case scenario, this light or sparks will be 

sensed by the light sensor and will activate 

an alarm informing the controller about the 

malfunction occurring, thus avoiding any 

damage to the system. In the event of an 

emergency, the system may be totally shut 

down, allowing the industry to keep a 

better and more consistent check[8]. 

 

CIRCUIT BREAKER 

A circuit breaker is the key component that 

interrupts fault currents (within a 

switchgear enclosure). Because the arc is 

quenched when the circuit breaker 

separates the contacts (disconnects the 

circuit), careful design is required. Circuit 

breakers and fuses trip when current 

reaches a preset safe level. Other crucial 

flaws, such as imbalanced currents—for 

example, where a transformer winding 

comes into contact with the ground—are 

undetectable. Circuit breakers and fuses 

cannot distinguish between short circuits 

and high levels of electrical demand on 

their own [9]. 



74 Page 70-80 © MANTECH PUBLICATIONS 2022. All Rights Reserved 

Recent Trends in Electrical Machines and Drives 

Volume 7, Issue 2, May- August 2022 

 
  

 

 

 

 

TYPES OF CIRCUIT BREAKER 

Circuit breakers/insulated Switchgears fall 

into these five types: Oil circuit breaker, 

Air brake circuit breaker, Air blast circuit 

breaker, GIS / Sulfur hexafluoride circuit 

breaker, Hybrid circuit breaker, Vacuum 

circuit breaker. 

 

Oil Insulted Circuit Breaker 

To blast a jet of oil down the direction of 

the arc, oil circuit breakers depend on the 

vaporization of some of the oil. Arcing 

causes hydrogen gas to be emitted as a 

vapor. Mineral oil is a more effective 

insulator than air. As current carrying 

contacts in the oil separate, the arc in the 

circuit breaker is initiated at the time of 

contact separation, and the oil is vaporized 

and decomposed into largely hydrogen 

gas, thereby forming a hydrogen bubble 

around the electric arc. Since the current 

crosses zero crossings of the cycle, this 

intensely dense gas bubble around the arc 

stops the arc from re-striking.[10] 

 

Air Insulted Circuit Breaker 

Air Insulated Circuit Breaker (ACB) is an 

electrical device used to provide 

Overcurrent and short-circuit protection 

for electric circuits over 800 Amps to 10K 

Amps. To extend the arc, air circuit 

breakers may use compressed air (puff) or 

the magnetic power of the arc itself. The 

elongated arc would ultimately exhaust 

itself because the duration of the 

sustainable arc is determined by the 

available voltage. Alternatively, the 

contacts are quickly swung into a shallow 

enclosed chamber, blowing out the arc as 

the expelled air escapes [10]. 

 

Gas Insulated / SF6 Circuit Breaker 

Sulfur hexafluoride (SF6) is used as an 

insulator in  gas-insulated  switchgear 

(GIS). It is a more costly but more 

efficient form of switchgear. To insulate 

the conductors and contacts, pressurised 

SF6 is employed. The combination of 

components in the GIS switchgear 

enclosure allows them to interrupt fault 

currents of thousands of amps. 

 

Hybrid Circuit Breaker 

In hybrid switchgear, components of 

traditional air-insulated switchgear (AIS) 

and SF6 gas-insulated switchgear (GIS) 

technology are blended. Its architecture is 

lightweight and modular, combining 

numerous different functions into a single 

module [10]. 

 

Vacuum Insulated Circuit Breaker 

Since there is little to ionize other than the 

contact medium in circuit breakers with 

vacuum interrupters, the arc quenches as it 

is extended by a tiny distance (about 2–8 
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mm). The arc isn't hot enough to hold a 

plasma at zero current, so current bridges 

the gap, and can then endure the voltage 

spike. Current medium-voltage switchgear 

up to 40,500 volts commonly uses vacuum 

circuit breakers. They are fundamentally 

unsuitable for interrupting DC faults, 

unlike the other styles. Since there is no 

‘current zero' cycle for DC, vacuum circuit 

breakers are unsuitable for breaking high 

DC voltages. The plasma arc will self-feed 

by condensing. By continuing to gasify the 

contact material, the plasma arc will self- 

feed[10]. 

 

APPLICATIONS OF SWITCHGEAR 

Power stations employed simple 

disconnectors, often known as open knife 

switches, to separate or de-energize 

equipment. Manually opening such 

disconnectors proved hazardous when 

power levels rose, forcing the adoption of 

geared switches, which were subsequently 

combined to produce "Switchgear." It aids 

in the protection of appliances and 

electrical machinery. The switch in our 

home is used to manually open and stop 

the electrical circuit, whereas the electrical 

fuse protects the circuit from overcurrent 

and short circuit failures. Any electrical 

circuit, including high-voltage electrical 

control systems, requires switching and 

safety  devices.  This  switching  and 

defensive method becomes more complex 

in high voltage and extra-high voltage 

systems in order to safely and securely 

interrupt high fault currents. Furthermore, 

from a business aspect, any electrical 

power supply needs a weighing, 

controlling, and regulating scheme. 

Switchgear and power system safety relate 

to the overall system. Safety of switchgear 

is crucial in today's power networks, from 

generation to transmission to distribution. 

Regular load currents, as well as basic 

faults in the control grid, must be carried, 

made, and split by the switchgear in the 

same way that a switch does. It is also 

capable of measuring and managing the 

various characteristics of electrical power 

systems. To protect electrical systems, 

switchgear includes circuit breakers, 

current transformers, voltage transformers, 

safety relays, measuring devices, electrical 

switches, electrical fuses, miniature circuit 

breakers, lightning arresters or surge 

arresters, electrical isolators, and other 

related equipment. Electric switchgear is 

required at any switching point in the 

electrical power system. There are varied 

voltage levels and hence fault levels 

between producing stations and load 

centres. As a result, several types of 

switchgear assembly are required 

depending on the voltage levels in the 

system. To ensure safety in all domains, 
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electrical switchgear is utilised in 

industrial activities, industrial projects, 

home and commercial structures, as well 

as power grid networks. 

 

CHALLENGES OBSERVED IN 

SWITCHGEAR 

Even though switchgear serves as a barrier 

between various electrical equipment, it 

must be regularly maintained to avoid 

breakdowns. Increased heat, increased 

pressure, and arc faults are the most 

prevalent problems seen in switchgears. 

 

Temperature Rise 

Temperature has become a big worry due 

to the extremely high voltage equipment 

contained within the switchgear. With 

numerous trips to the setup, it is hard to 

continually watch the switchgear 

temperature conditions since the faults that 

have occurred might deteriorate if not 

treated immediately [11]. 

 

Vacuum/Over Pressure 

A small amount of pressure persists or 

escapes from within the switchgear 

containers during the suction of air, 

resulting in a significant decrease in 

switchgear performance. This could have 

an impact on future processes or may 

result  in  an  explosion  due  to  the 

accumulation of pressure in the undesired 

breach inside the system [12]. 

 

Arc Flash/Arching 

During the opening of current-carrying 

contacts in a circuit breaker, the medium 

between the opening contacts gets strongly 

ionised, allowing the interrupting current 

to travel via a low resistance channel even 

after the contacts are physically 

disconnected. An arc fault in switchgear 

causes a long-term power loss, equipment 

damage, and a safety risk to employees; 

this compels us to take preparations ahead 

of time to avoid any undesirable mishaps. 

Continuous equipment monitoring and 

early identification of probable failures can 

aid in the development of a more proactive 

and complete arc-flash prevention system 

[13]. 

 

CONCLUSION 

The major goal of this review is to provide 

information on switchgear and the 

problems that have been encountered. 

Electrical switchgear is a crucial 

component of electrical control systems 

across the world, and it is used to transmit 

as well as selectively separate electrical 

loads. The sudden temperature spike at a 

specific region, in example, might indicate 

corrosion or another form of damage. 

Thermal effects are particularly noticeable 
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in medium voltage switchgear used in 

distribution networks, where electrical 

currents can reach tens of thousands of 

amperes. As a result, keeping switchgear 

in excellent operating order during its 

lengthy life becomes critical. Currently, 

switchgear bus temperature monitoring is 

done on a regular basis either by human 

inspections with IR cameras or through 

pricey fibre optic systems[14]. The aim to 

enhance the electrical system's 

maintenance plan is one of the important 

results of the online monitoring and 

diagnostic technique. As a result, in order 

to execute condition-based maintenance 

for medium voltage (MV) switchgear and 

breakers, a new modular solution for 

online condition monitoring needs be 

devised. [15]. Using specific sensor 

technologies, the solution can identify 

probable faults and plan maintenance 

ahead of time. Circuit breaker failure 

modes should be estimated, including open 

and close command malfunction, charging 

mechanism malfunction, current 

interruption difficulties (contact wear), 

overheating, and the overall health index 

of the monitored equipment. The arc flash 

danger is connected to workplace electrical 

safety and has garnered a lot of attention 

as part of the safety programme for many 

installations[16]. An effective technique to 

reducing  arc  flash  dangers  in  current 

industrial and commercial buildings is a 

critical goal. Electrical equipment failure 

is frequently followed by anomalous 

temperature changes[17]. As a result, 

temperature monitoring of power 

equipment is the most effective and cost- 

efficient method of power equipment 

safety monitoring, which is critical to the 

safe functioning of power equipment. This 

leads us to managing the net-pressure 

inside the switchgear to avoid any 

overpressure that could lead to serious 

hazards; thus, this should be maintained 

using affordable developed technologies 

that allow us to constantly monitor the 

system health of the switchgear and its 

components using online monitoring 

systems. 
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