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TOPIC - 1 

 
 

INTRODUCTION TO SWITCHGEAR 

Definition of Switchgear: 

A switchgear is a generic term which includes all the switching devices 

associated with power system protection. It also includes all devices 

associated with control, metering and regulating of electrical power 

systems. Assembly of such devices in a logical manner forms switchgear. 

In other words systems used for switching, controlling and protecting the 

electrical power circuits and different types of electrical equipment are 

known as switchgear. This is very basic definition of switchgear. 

 

Essential Features of Switchgear 

The essential features of switchgear are : 

1. Complete Reliability 

2. Absolutely certain discrimination 

3. Quick operation 

4. Provision for manual control 

 
 

1. Complete reliability 

With the continued trend of interconnection and the increasing capacity of 

generating stations, the need for reliable switchgear has become of 

paramount importance. 

This is not surprising because it is added to the power system to improve 

reliability. When a fault occurs on any part of the power system, they must 

operate to isolate the faulty section from the remainder circuit. 

 

2. Absolutely certain discrimination 



 

 

When a fault occurs on any section of the power system, the switchgear 

must be able to discriminate between the faulty section and the 

healthy section. 

It should isolate the faulty section from the system without affecting the 

healthy section. This will ensure continuity of supply. 

 

3. Quick operation 

 
 

When a fault occurs on any part of the power system, the switchgear 

must operate quickly so that no damage is done to generators, 

transformers and other equipment by the short-circuit currents. 

If the fault is not cleared quickly, it is likely to spread into healthy parts, 

thus endangering complete shut down of the system 

4. Provision for manual control 

Switchgear must have provision for manual control. In case the electrical 

(or electronics) control fails, the necessary operation can be carried out 

through manual control. 

 

Switchgear Equipment 

Switchgear covers a wide range of equipment concerned with switching 

and interrupting currents under both normal and abnormal conditions. It 

includes switches, fuses, circuit breakers, relays, current transformer, 

and other equipment. 
A brief account of these devices is given below. 

 

 

 
1. Switches 

A switch is a device which is used to open or close an electrical 

circuit in a convenient way. It can be used under full-load or no-load 

conditions but it cannot interrupt the fault currents. 



 

 

When the contacts of a switch are opened, an arc is produced in the air 

between the contacts. This is particularly true for circuits of high voltage 

and large current capacity. 

The switches may be classified into 

1. air switches 

2. oil switches 

The contacts of the former are opened in the air and that of the latter is 

opened in oil. 

i. Air-break switch – It is an air switch and is designed to open a circuit 

under load. In order to quench the arc that occurs on opening such a 

switch, special arcing horns are provided. 

ii. Isolator or disconnecting switch – It is essentially a knife switch and is 

designed to open a circuit under no load. 

iii. Oil switches – As the name implies, the contacts of such switches are 

opened under oil, usually transformer oil. 

 

 

 

 

 

 
 

Air Break Switch 

 

 
2. Fuses 

A fuse is a short piece of wire or thin strip which melts when excessive 

current flows through it for sufficient time. It is inserted in series with 

the circuit to be protected. 

When a short circuit or overload occurs, the current through the fuse 

element increases beyond its rated capacity. This raises the temperature 

and the fuse element melts (or blows out), disconnecting the circuit 

protected by it. 



 

 

 

 

 

 

 

 

 

 

 

 

 

Electrical Fuses Switchgear 
 

3. Circuit Breakers 

A circuit breaker is an equipment which can open or close a circuit under 

all conditions viz. no-load, full load and fault conditions. It is so designed 

that it can be operated manually (or by remote control) under normal 

conditions and automatically under fault conditions. For the latter 

operation, a relay circuit is used with a circuit breaker. 

 

Low Voltage Circuit Breakers: Miniature Circuit Breaker, Moulded 

Case Circuit Breaker, Residual Current Circuit Breaker, Ground Fault 

Circuit Interrupter 

 

High Voltage Circuit Breakers: Vacuum Circuit Breaker, SF6 Circuit 

Breaker, Oil Circuit Breaker, Air Blast Circuit Breaker 
 

4. Protective Relays 

 

Protective relays are vital parts of the switchgear equipment. 

A relay is a device which detects the fault and supplies information to the 

breaker for circuit interruption. 

The function of a protective relay is to initiate a signal to circuit breakers 

for disconnecting the elements of the power system when it develops 

a fault. 

When a fault occurs the relay contacts are closed and the trip coil of the 

circuit breaker is energized to open the contacts of the circuit breaker. 



 

 

There have been rapid developments in relaying technology during the last 

two decades. The most important advancement has been due to the advent 

of computer technology which has helped in the development of 

numerical relays. 

 
5. Instrument Transformers 

Instrument transformers (current transformer and voltage transformer) 

are used in switchgear installations for the measurement of electrical 

parameters for protection and metering purposes. 

An instrument transformer in which the secondary current is substantially 

proportional to the primary current and differs in phase from it by 

approximately zero degrees is called a current transformer (CT). 

A voltage transformer (VT) is an instrument transformer in which the 

secondary voltage is substantially proportional to the primary voltage and 

differs in phase from it by approximately zero degrees. 

 

6. Surge Arresters 

Surge Suppressors or Surge Arrestors are very important components 

of switchgear and substation installations. 

These are used to protect the substation equipment from temporary over- 

voltages, switching impulses, and lightning impulses, and to a certain 

extent, very fast transient over-voltages. 

Historically, spark gaps with air insulation were used as surge 

suppressors. Lightning arrestors, surge capacitors, surge suppressing 

reactors, and thyrite resistors with series gaps were used in the past for this 

purpose. 

Innovation in this field has resulted in the advent of two commonly used 

types, viz. the metal oxide-based (ZnO) type and C-R type of surge 

arrestors/ suppressors. 

 

7. Auto Reclosures and sectionalisers 

Auto reclosures and sectionalisers are used in the distribution networks 

of medium voltage switchgear up to 33 kV class. 



 

 

These equipment are useful for the fast automatic restoration of supply 

following transient faults in the system. The faults may be due to frequent 

lightning surges and in areas where power lines run through forests and 

trees. 

These types of equipment are extensively used in the continents of 

America and Australia due to their distinct advantages over conventional 

switchgear. 

 

 
8. Disconnect Switch / Isolator 

Disconnectors (Isolators) are devices which are generally operated off- 

load to provide isolation of main plant items for maintenance, on to isolate 

faulted equipment from other live equipment. 

Air Insulated or open terminal disconnectors are available in several forms 

for different applications. 

At the lower voltages, single break types are usual with either ‘rocker’ 

type or single end rotating post types being predominant. 

At higher voltages, rotating center post, double end rotating post, vertical 

break, and pantograph type disconnectors are more common. Air break 

switches are used in lower voltage to disconnect on load. 

 

Types of Bus-Bar Arrangements: 8 Types 

 
1. Single Bus-Bar Arrangement: 

This is the simplest arrangement consisting of a single set of bus-bars for 

the full length of the switchboard and to this set of bus-bars are connected 

all the generators, transformers and feeders, as illustrated by single line 

diagram in Fig. 16.19. 

Each generator and feeder is controlled by a circuit breaker. The isolators 

permit isolation of generators, feeders and circuit breakers from the bus- 

bars for maintenance. The chief advantages of such a bus-bar arrangement 

are low initial cost, less maintenance and simple operation. 



 

 

 

The glaring drawback of this system is that in case of fault on the bus- 

bars, whole of the supply is affected and all the healthy feeders are 

disconnected. Moreover, when maintenance is to be carried out on any of 

the feeder sections or on a part of bus-bar the whole supply is to be 

disrupted. Thus such an arrangement provides least flexibility and 

immunity from total shutdown. 

Such bus-bar arrangement is employed for switchboards, small and 

medium sized substations, small power stations and dc stations. 

 

 
Single Bus-Bar Arrangement with Bus Sectionalization: 

The bus-bar may be sectionalized by a circuit breaker and isolating 

switches so that a fault on one part does not cause a complete shutdown. 

In large generating stations, where several units are installed, it is a 

common practice to sectionalize the bus as illustrated in Fig. 16.20. 



 

 

 

 

Normally the number of sections of a bus-bar are 2 to 3 in a substation, 

but actually it is limited by the short-circuit current to be handled. In a 

sectionalized bus-bar arrangement only one additional circuit breaker is 

required which does not cost much in comparison to the total cost of the 

bus-bar system. 

Such an arrangement provides three main advantages over simple 

single bus-bar arrangement: 

Firstly, in the event of occurrence of fault on any section of the bus-bar, 

the faulty section can be isolated without affecting the supply of other 

section or sections. 

Secondly, one section can be completely shut-down for maintenance and 

repairs without affecting the supply of the other section (s). 

Thirdly, by adding a current limiting reactor between the sections the fault 

level (MVA) can be reduced thereby circuit breakers of lower capacity 

can be used. 



 

 

 

At times air-break isolators were used in place of circuit breakers as bus- 

sectionalizer due to economy, but it must be remembered that any 

isolation affected by them must be affected under off-load conditions 

otherwise it may cause spark. It will be preferable to provide circuit 

breaker as a sectionalizing switch so that uncoupling of bus-bar may be 

carried out safely during load transfer. A double isolation is however 

necessary when the circuit breaker is employed as sectionalizing switch so 

that the maintenance work can be carried out on circuit breaker while the 

bus-bars are alive. 

3. Main and Transfer Bus Arrangement: 

This arrangement has been quite frequently adopted where the loads and 

continuity of supply justify additional costs. This arrangement provides 

additional flexibility, continuity of supply and allows periodic 

maintenance without total shutdown. Such an arrangement is suitable for 

highly interconnected power network in which flexibility is very 

important. 

Figure 16.21 illustrates the main and transfer bus arrangement in a 

generating station. Such an arrangement consists of two bus-bars, known 

as main bus-bar and transfer bus-bar used as an auxiliary bus-bar. Each 

generator and feeder may be connected to either bus-bar with the help of 

bus coupler which consists of a circuit breaker and isolating switches. In 

this arrangement a bus coupler is usually used so that change-over from 

one bus-bar to the other can be carried out under load conditions. While 

transferring the load to the reserve bus, the following steps may be taken. 



 

 

 

 

i. Close the bus-coupler (circuit breaker) so as to make the two buses at 

the same potential. 

ii. Close isolators on the reserve bus. 

iii. Open isolators on the main bus. 

The load is now transferred to the reserve or auxiliary bus and main bus is 

disconnected. 

The advantages and disadvantages of the arrangement are given 

below: 

Advantages: 

i. It ensures continuity of supply in case of bus fault. In the event of 

occurrence of fault on one of the bus, the entire load can be transferred to 

the other bus. 



 

 

 

ii. Repair and maintenance can be carried out on the main bus without 

interrupting the supply as the entire load can be transferred to the auxiliary 

bus. 

iii. Each load can be supplied from either bus. 

iv. The in-feed and load circuit may be divided into two separate groups if 

required from operational considerations. 

v. The testing and maintenance of feeder circuit breakers can be done by 

putting them on spare bus, thus keeping the main bus undisturbed. 

vi. The maintenance cost of substation is lowered. 

vii. The bus potential can be used for relays. 

Disadvantages: 

i. Additional costs. 

ii. The bus is maintained or expanded by transferring all of the circuits to 

the auxiliary bus depending upon the remote backup relays and breakers 

for removing faults of the circuits. During this condition a line fault on 

any of the circuits of the bus would shut-down the entire station. 

4. Double Bus Double Breaker Arrangement: 

In very important power stations two circuit breakers are employed for 

each circuit, as illustrated in Fig. 16.22. Such a bus-bar arrangement does 

not require any bus-coupler and permits switch-over from one bus to the 

other whenever desired, without interruption. This bus arrangement is 

very costly and its maintenance cost is also high. 



 

 

 

 

This arrangement provides maximum flexibility and reliability as the 

faults and maintenance interrupt the supply to the minimum. A circuit 

breaker can be opened for repairs and usual checks and the load can be 

shifted on the other circuit breaker easily. But because of its higher cost, 

this arrangement is seldom used at the substations. 

For 400 kV switchyards two main buses plus one transfer bus scheme is 

preferred. The transfer bus is used for transferring power from main bus 1 

to main bus 2 and vice versa. 

5. Sectionalized Double Bus Arrangement: 

In this arrangement duplicate bus-bars are used with the main bus-bar in 

sections connected through a bus-coupler, as illustrated in Fig. 16.23. In 

this arrangement, any section of bus-bar can be isolated for maintenance, 

while any section may be synchronised with any other through the 

auxiliary bus-bar. Sectionalization of auxiliary bus-bar is not required and 

would increase the cost if done. 



 

 

 

 
 

 

 

 

 

6. One-and-a-Half Breaker Arrangement: 

This is an improvement over double bus double breaker arrangement and 

it affects saving in the number of circuit breakers. This arrangement needs 

three circuit breakers for two circuits. The number of circuit breakers per 

circuit comes out to be 1½ hence the name. This arrangement is preferred 

in important large stations where power handled per circuit is large. 

This arrangement is shown in Fig. 16.24. This arrangement provides high 

security against loss of supply as a fault in a bus or in a breaker will not 

interrupt the supply. Possibility of addition of circuits to the system is 

another advantage. The bus potential can be used as supply to relays, 

however, at the time of bus fault such potential to the relay should be 

thrown off. 



 

 

 

 

The main drawback of this arrangement is complications in relaying 

system because at the time of fault two breakers are to be opened. The 

other drawback is that for maintenance of circuit breakers if the load 

shedding is not used, two breakers are to be opened in which case the 

other circuit in the line-up will be operating with one breaker from one 

bus only. At the time of fault in that bus supply to the other circuit is also 

interrupted. The maintenance cost is higher. 

The above arrangement has been used in important 400 kV and 750 kV 

substations. 

7. Ring Main Arrangement: 

This is an extension of the sectionalized bus-bar arrangement where the 

ends of the busbars are returned upon themselves to form a ring, as 

illustrated in Fig, 16.25. This arrangement provides greater flexibility as 

each feeder is supplied by two paths, so that the failure of a section does 

not cause any interruption of the supply. The effect of fault in one section 

is localised to that section alone. 



 

 

 

 

The rest of the sections continue to operate. Circuit breakers can be 

maintained without interrupting the supply. The cost is also not much as 

the numbers of breakers used are nearly the same as that of a single bus- 

bar system. 

The drawbacks of the system are: 

(i) Difficulties in addition of any new circuit in the ring, 

(ii) Possibility of overloading of the circuits on opening of any section of 

the breaker, and 

(iii) Necessity of supplying potential to relays separately to each of the 

circuit. 

 

 
8. Mesh Arrangement: 

This is another arrangement making economical use of circuit breakers in 

a substation. In this bus-bar arrangement, the circuit breakers are installed 

in the mesh formed by the buses, as illustrated in Fig. 16.26. The circuits 

are tapped from the node points of the mesh. In Fig. 16.26 eight circuits 

are controlled by four circuit breakers. 



 

 

 

When fault occurs on any section, two circuit breakers have to open, 

resulting in opening of the mesh. This arrangement provides security 

against bus-bar faults but lacks switching facility. It needs fewer circuit 

breakers than that required by one-and-a-half breaker arrangement. It is 

preferred for substations having large number of circuits. 
 

 

SWITCHGEAR ACCOMMODATION It is necessary to house the 

switchgear in power stations and sub-stations in such a way so as to 

safeguard personnel during operation and maintenance and to ensure that 

the effects of fault on any section of the gear are confined to a limited 

region. Depending upon the voltage to be handled, switchgear may be 

broadly classified into (i) Outdoor type. For voltages beyond 66 kV, 

switchgear equipment is installed outdoor. It is because for such voltages, 

the clearances between conductors and the space required for switches, 

circuit breakers, transformers and others equipment become so great that it 

is not economical to install all such equipment indoor. (ii) Indoor type. 

For voltages below 66 kV, switchgear is generally installed indoor 

because of economic considerations. The indoor switchgear is generally of 



 

 

 

metal-clad type. In this type of construction, all live parts are completely 

enclosed in an earthed metal casing. 

SHORT-CIRCUIT Whenever a fault occurs on a network such that a large 

current flows in one or more phases, a short-circuit is said to have 

occurred. When a short circuit occurs, a heavy current called short circuit 

current flows through the circuit. Consider a single phase generator of 

voltage V and internal impedance Zi is supplying to a load Z. Under 

normal conditions, the current in the circuit is limited by load impedance 

Z. However, if the load terminals get shorted due to any reason, the circuit 

impedance is reduced to a very low value ; being Zi in this case. As Zi is 

very small, therefore, a large current flows through the circuit. This is 

called short-circuit current. 

CAUSES OF SHORT-CIRCUIT. A short circuit in the power system is 

the result of some kind of abnormal conditions in the system. It may be 

caused due to internal and/or external effects. (i) Internal effects are 

caused by breakdown of equipment or transmission lines, from 

deterioration of insulation in a generator, transformer etc. Such troubles 

may be due to ageing of insulation, inadequate design or improper 

installation. (ii) External effects causing short circuit include insulation 

failure due to lightning surges, overloading of equipment causing 

excessive heating; mechanical damage by public etc. 

SHORT-CIRCUIT CURRENTS Most of the failures on the power system 

lead to short-circuit fault and cause heavy current to flow in the system. 

The calculations of these short-circuit currents are important for the 

following reasons : (i) A short-circuit on the power system is cleared by a 

circuit breaker or a fuse. It is necessary, therefore, to know the maximum 

possible values of short-circuit current so that switchgear of suitable rating 

may be installed to interrupt them. (ii) The magnitude of short-circuit 

current determines the setting and sometimes the types and location of 

protective system. (iii) The magnitude of short-circuit current determines 

the size of the protective reactors which must be inserted in the system so 

that the circuit breaker is able to withstand the fault current. (iv) The 

calculation of short-circuit currents enables us to make proper selection of 



 

 

 

the associated apparatus (e.g. bus-bars, current transformers etc.) so that 

they can withstand the forces that arise due to the occurrence of short 

circuits. 

 

 

 

 

 
 

FAULTS IN A POWER SYSTEM -: 

The complexity is increasing day by day in all sectors of the electrical 

energy system such as power generation, transmission, distribution, load 

system of electricity. Defects such as a short circuit in the power system 

can result in huge losses and reduce the reliability of the electrical system. 

 
Defects in the electrical system are an uncommon occurrence caused by 

the failure of devices such as transformers and rotating machines, human 

errors, and environmental conditions. Electrical faults disrupt the flow of 

electricity, resulting in damage to appliances and the untimely death of 

humans, birds, and animals. 

 
Types of Fault: 

 

 

 

SI. No. Types of Fault 

1. Short circuit fault 

2. Open circuit fault 

3. 
Symmetrical 

faults 

4. 
Unsymmetrical 

faults 
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There are mainly two types of faults in the three-phase power system, 

one is a short circuit fault, and the other is an open circuit fault. Apart 

from this, there are two other types of faults. Symmetrical faults, 

Unsymmetrical faults. Electrical faults can disrupt the power supply 

between two interstates. 

In normal conditions, the flow of electricity in the power system is easy 

due to which all the equipment are working properly. But if a system 

fault occurs, it causes a large amount of current to be transmitted from 

the system which can damage the device running through it. 

Defective equipment must be used in the power system, or a major 

mishap may occur. Defective equipment such as switchgear equipment, 

electromechanical relays, circuit breakers, and other protection devices 

need to be detected and analyzed to select or design. 

1. Short circuit fault: 

In short, a short circuit is any combination of two points or two phases, 

whether it is for any purpose or by accident. This is known as a short 

circuit fault. This is a small but very serious type of defect. As a result, 

more current is transmitted to the device or transmission line for a while. 

 
If any device is turned on for a while in such a condition, the device can 

be extensively damaged. A short circuit fault is also known as a shunt 

fault. 

 
This type of problem can be caused by the fusion and earthing coming 

together or the insulation between the two fuses melting. Short circuits can 

cause a variety of faults that may not be anything like this. Three-phase 

means, phase to phase, single phase to earth, two-phase to earth, phase to 

phase plus single phase to earth. 
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2. Open circuit fault: 

Defects in open circuit faults are caused by damage to one or more 

conductors. The following is the diagram of the open circuit for single- 

phase damage, two-phase damage, and three-phase damage. 

 
The most common causes of this defect include joint failure of cable and 

overhead lines and failure of one or more phases of the circuit breaker and 

melting of the fuse or conductor in one or more phases. Open circuit 

faults are also known as series faults. 

Thus, apart from the three-phase open circuit, there are two other types of 

faults which are called asymmetrical or unbalanced faults. Thus keep in 

mind that the transmission line operates with the first balanced load of the 

open-circuit fault. 

 
If one of the three phases spreads, the load of the alternator decreases, and 

the speed of the alternator increases due to the low load, so it moves a 

little faster than the synchronous speed. This over the speed of the 

alternator causes overvoltage in the transmission line. 

 
Thus single-phase, two-phase open-circuit conditions create an imbalance 

of voltage and current in the electrical system, which causes a lot of 

damage to the devices. 

 
3. Symmetrical faults: 

This is a very serious type of defect, and the power system is frequent. 

This type of defect is also known as balanced defects. 

 
These are of two types, such as a line to ground (L-L-L-G) and line to line 

(L-L-L). Electrical fault This type of defect is found in only 2 to 5%. If 

such a fault occurs then the system remains balanced. 

 
But the device of electricity is severely damaged. 
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3. Unsymmetrical Faults: 

Such faults are more common and less severe than symmetrical 

faults. 

 
There are mainly 3 types of Unsymmetrical Faults which are as 

under. 

1. Line to ground(L – G) 

2.Line to the line(L – L) 

3.Double line to ground(L – L- G) 

The line to ground :This type of fault is the most common and accounts 

for 60 to 70%. The main reason for such a fault is the contact of the 

conductor with the ground. Defects in 15 to 20 percent of cases are double 

lines of soil and are the main reason for both carriers to contact the soil. 

 
The line-to-line :This type of fault occurs when two main conductors 

come in contact with each other due to air pressure. The proportion of 

such faults is 5 to 10%. 

 
Double line to ground :This type of defect can also be called an 

unbalanced defect because it causes an imbalance in the system. An 

imbalance of the system means that the barrier values are different in each 

phase, causing the imbalance current to flow in the phase. This is more 

difficult to analyze and is run on the same phase basis as the three-phase 

balanced defect. 

 
Causes of Electrical Fault: 

There are 4 main causes of electrical fault which are as under. 
 
 

SI. No. 
Causes of 

Electrical Fault 

1. 
Weather 

conditions 

2. 
Equipment 

failures 

3. Human errors 
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4. Smoke of fires 
 

 
 

1. Weather conditions: 

Due to the lack of electricity in the weather, heavy rains in the monsoon 

season, extreme winds in the cold season, snowfall, etc., can cause 

damage to the transmission line and disrupt the power supply. Such 

natural conditions can cause damage to electrical installations. 

 

 
 

2. Equipment failures: 

Short circuit faults occur due to various electrical equipment such as 

transformers, generators, motors, switching devices, insulation defects of 

cable over time, and winding. Such a defect results in high current flowing 

through the device or apparatus which damages it. 

 
3. Human errors: 

Electrical system Some errors are also caused by man. Such as selection 

of improper rating of devices, forgetting of metal or electrical condensing 

parts after servicing or maintenance, switch off of the circuit when 

charging circuit, etc. 

 
4. The smoke of fires: 

Ionization of air due to smoke particles, resulting in a spark between the 

lines or conductors towards the insulator around the overhead lines. 

Insulators lose their insulating capacity due to the high noise caused by 

this flashover. 

 
Protection Devices Against Electrical Faults: 

Electrical power systems can be repaired by preventing human errors 

when natural weather conditions are not in human hands and cannot be 

prevented. So if we separate the circuit from the main power in case of 

fault formation, we can prevent a lot of real damage. Some of these fault 

limiting devices include fuses, circuit breakers, relays, etc. 
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1. Fuse: 

Fuse is a primary safety device that is a thin wire enclosed in a casing or 

glass that connects two metal parts. This wire melts when more current 

flows in the circuit. The type of fuse depends on the voltage on which it 

will operate. It is necessary to replace this wire once it is burnt. 

 
2. Circuit Breaker: 

It normalizes the circuit as well as gives a break in abnormal conditions. 

When a fault occurs it causes automatic tripping of the circuit. It can be an 

electromechanical circuit breaker such as a vacuum/oil circuit breaker, 

etc., or an ultrafast electronic circuit breaker. 

 

 
 

3. Lighting Power Protection Devices: 

These include Lightning Arresters and grounding devices that protect the 

system against lightning and surge voltage. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

TOPIC – 2 
 

FAULT CALCULATION 
 

Symmetrical Faults on 3 Phase System: 

Most of the Symmetrical Faults on 3 Phase System on the power system 

lead to a short-circuit condition. When such a condition occurs, a heavy 

current (called short circuit current) flows through the equipment, 

causing considerable damage to the equipment and interruption of 

service to the consumers. There is probably no other subject of greater 

importance to an electrical engineer than the question of determination 

of short circuit currents under fault conditions. The choice of apparatus 

and the design and arrangement of practically every equipment in the 

power system depends upon short-circuit current considerations. 

That fault on the power system which gives rise to symmetrical fault 

currents (i.e. equal fault currents in the lines with 120° 

displacement) is called a symmetrical fault. 

The symmetrical fault occurs when all the three conductors of a 3-phase 

line are brought together simultaneously into a short-circuit condition as 

shown in Fig. 17.1. This type of fault gives rise to symmetrical currents 

L e. equal fault currents with 120° displacement. Thus referring to 

Fig. 17.1, fault currents IR, ly and IB will be equal in magnitude 

with 120° displacement among them. Because of balanced nature of 

fault, only one phase need be considered in calculations since condition 

in the other two phases will also be similar. 



 

 

 

 
 

The following points may be particularly noted : 

1. The symmetrical fault rarely occurs in practice as majority of 

the faults are of unsymmetrical nature. However, symmetrical 

fault calculations are being discussed in this chapter to enable 

the reader to understand the problems that short circuit 

conditions present to the power system. 

2. The symmetrical fault is the most severe and imposes more 

heavy duty on the circuit breaker. 

Limitation of Fault Current: 

 

When a short circuit occurs at any point in a system, the short-circuit 

current is limited by the impedance of the system upto the point of fault. 

Thus referring to Fig. 17.2, if a Symmetrical Faults on 3 Phase System 

occurs on the feeder at point F, then the short circuit current from the 

generating station will have a value limited by the impedance of 

generator and transformer and the impedance of the line between the 

generator and the point of Symmetrical Faults on 3 Phase System. This 

shows that the knowledge of the impedance of various equipment and 

circuits in the line of the system is very important for the determination 



 

 

 

of short-circuit currents. 



 

 

 

 
 

 
 

In many situations, the impedances limiting the Symmetrical Faults on 3 

Phase System current are largely reactive, such as transformers, reactors 

and generators. Cables and lines are mostly resistive, but where the total 

reactance in calculations exceeds 3 times the resistance, the latter is 

usually neglected. The error introduced by this assumption will not 

exceed 5%. 

 
 

Percentage Reactance in Power System: 

 
The Percentage Reactance in Power System of generators, transformers, 

reactors etc.is usually expressed in percentage reactance to permit rapid 

short circuit calculations. 

The percentage reactance of a circuit is defined as under : 

It is the percentage of the total phase-voltage dropped in the circuit 

when full-load currentis flowing. 
 
 



 

 

 

 

 

 

where 

 
I = full-load 

current 

V = phase 

voltage 

X = reactance in ohms per phase 

 

Alternatively, percentage reactance (%X) can also be expressed in terms 

of kVA andkV as under : 
 



 

 

 

where X is the reactance in ohms. 

If X is the only reactance element in the circuit, then short-circuit current 

is given by ; 
 

 
i.e. short circuit current is obtained by multiplying the full-load current by 

100 / % X. 

For instance, if the Percentage Reactance in Power System of an element 

is 20% and the full-load current is 50 A, then short-circuit current will 

be 50 x 100/20 = 250 A when only that element is in the circuit. 

It may be worthwhile to mention here the advantage of using Percentage 

Reactance in Power System instead of ohmic reactance in short-circuit 

calculations. Percentage reactance values remain unchanged as they are 

referred though transformers, unlike ohmic reactances which become 

multiplied or divided by the square of transformation ratio. This makes 

the procedure simple and permits quick calculations. 

Percentage Reactance and Base KVA: 

 

It is clear from exp. (ii) above that percentage reactance of an 

equipment depends upon its kVA rating. Generally, the various 

equipments used in the power system have different kVA ratings. 

Therefore, it is necessary to find the Percentage Reactance in Power 

System of all the elements on a common kVA rating. This common kVA 

rating is known as base kVA. The value of this base kVA is quite 

unimportant andmay be : 

• equal to that of the largest plant 

• equal to the total plant capacity 



 

 

 

• any arbitrary value 

The conversion can be effected by using the following relation : 
 

 

Thus, a 1000 kVA transformer with 5% reactance will have a 

reactance of 10% at2000 kVA base. 

The fact that the value of base kVA does not affect the short circuit 

current needs illustration. Consider a 3-phase transmission line operating 

at 66 kV and connected through a 1000 kVA transformer with 5% 

reactance to a generating station bus-bar. 



 

 

 

The generator is of 2500 kVA with 10% reactance. The single line 

diagram of the system is shown in Fig. 17.3. Suppose a short-circuit 

fault between three phases occurs at the high voltage terminals of 

transformer. It will be shown that whatever value of base kVA we may 

choose, the value of short-circuit current will be the same. 
 

 
(i) Suppose we choose 2500 kVA as the common base kVA. On this 

base value, thereactances of the various elements in the system will be : 

Reactance of transformer at 2500 kVA base 
 

 
 

Reactance of generator at 2500 kVA base 
 

 
 

Total percentage reactance on the common base kVA 
 

 
 

The fullf load current corresponding to 2500 kVA base at 66 kV is given 

by ; 



 

 

 

 

 
 

 

(ii) Now, suppose we choose 5000 kVA as the common 

base value.Reactance of transformer at 5000 kVA base 

 

 

Reactance of generator at 5000 kVA base 



 

 

 

 

kVA 
 

 
kV is 

Total percentage reactance on the common 

base 

 
 

Full-load current corresponding to 5000 

kVA at 66 
 
 

 
 

which is the same as in the previous case. 

From the above illustration, it is clear that whatever may be the value of 

base kVA, short-circuit current is the same: However, in the interest of 

simplicity, numerically convenient value for the base kVA should be 

chosen. 

 

 
Short Circuit kVA: 

 
Although the potential at the point of fault is zero, it is a normal practice 

to express the short-circuit current in terms of Short Circuit kVA based 

on the normal system voltage at the point of fault. 

The product of normal system voltage and short-circuit current 

at the point of fault expressed in kVA is known as Short Circuit 

kVA. 

Let 

V = normal phase voltage in volts 

I = full-load current in amperes at base kVA 



 

 

 

%X = percentage reactance of the system on base kVA upto the fault 

point 
 
 

 

Short-circuit kVA for 3-phase circuit 
 

 

 

 

 

 

 
i.e. Short Circuit kVA is obtained by multiplying the base kVA by 100/% 

X. 



 

 

 

Reactor Control of Short-Circuit Currents: 

 

With the fast expanding power system, the fault level (i.e. the power 

available to flow into a fault) is also rising. The circuit breakers 

connected in the power system must be capable of dealing with 

maximum possible short-circuit currents that can occur at their points of 

connection. Generally, the reactance of the system under fault conditions 

is low and fault currents may rise to a dangerously high value. If no 

steps are taken to limit the value of these short- circuit currents, not only 

will the duty required of circuit breakers be excessively heavy, but also 

damage to lines and other equipment will almost certainly occur. 

In order to limit the short-circuit currents to a value which the circuit 

breakers can handle, additional reactances known as reactors are 

connected in series with the system at suitable points. A reactor is a coil 

of number of turns designed to have a large inductance as compared to its 

ohmic resistance. The forces on the turns of these reactors under short- 

circuit conditions are considerable and, therefore, the windings must be 

solidly braced. It may be added that due to very small resistance of 

reactors, there is very little changein the efficiency of the system. 

Advantages 

• Reactors limit the flow of short-circuit current and thus 

protect the equipment from overheating as well as from failure 

due to destructivemechanical forces. 

• Troubles are localised or isolated at the point where they 

originate without communicating their disturbing effects to 

other parts of the power system. This increases the chances of 

continuity of supply. 

• They permit the installation of circuit breakers of lower rating. 



 

 

 

Location of Reactors in Power System: 

 

Short circuit current limiting Location of Reactors in Power System may 

be connected 

1. in series with each generator 

 
2. in series with each feeder and 

 

3. in bus-bars. 

 

No definite statement can be given as to which one of the above 

locations is preferable; each installation has its own particular demands 

which must be carefully considered before a choice of Location of 

Reactors in Power System can be made. 

1. Generator Reactors: 

 

When the reactors are connected in series with each generator, they are 

known as generator reactors (see Fig. 17.4). In this case, the reactor 

may be considered as a part of leakage reactance of the generator ; hence 

its effect is to protect the generator in the case of any short-circuit 

beyond the reactors. 
 



 

 

 

 

 

 

 
 

Disadvantages 

• There is a constant voltage drop and power loss in the 

Location of Reactors inPower System even during normal 

operation 

• If a bus-bar or feeder fault occurs close to the bus-bar, the 

voltage at the bus-bar will be reduced to a low value, thereby 

causing the generators to fall out of step. 

• If a fault occurs on any feeder, the continuity of supply to other 

is likely to be affected. 

 

 
Due to these disadvantages and also since modern power station 

generators have sufficiently large leakage reactance to protect them 

against short-circuit, it is not a common practice to use separate reactors 

for the generators. 



 

 

 

2. Feeder Reactors: 

 

When the reactors are connected in series with each feeder, they are 

known as feeder reactors (see Fig. 17.5). Since most of the short- 

circuits occur on feeders, a large number of reactors are used for such 

circuits. Two principal advantages are claimed for feeder Location of 

Reactors in Power System. Firstly, if a fault occurs on any feeder, the 

voltage drop in its reactor will not affect the bus-bars voltage so that 

there is a little tendency for the generator to lose synchronism. Secondly, 

the fault on a feeder will not affect other feeders and consequently the 

effects of fault are localized. 
 

 

Disadvantages 

• There is a constant power loss and voltage drop in the reactors 

even during normalopera 

• If a short-circuit occurs at the bus-bars, no protection is 

provided to the generators. However, this is of little 

importance because such faults are rare and modern 

generators have considerable leakage reactance to enable them 

to withstand short-circuit across their terminals 



 

 

 

• If the number of generators is increased, the size of feeder 

reactors will have to be increased to keep the short-circuit 

currents within the ratings of the feeder circuit breakers. 

3. Bus-bar reactors: 

 

The above two methods of locating reactors suffer from the 

disadvantage that there is considerable voltage drop and power loss in the 

Location of Reactors in Power System even during normal operation. 

This disadvantage can be overcome by locating the reactors in the bus- 

bars. There are two methods for this purpose, namely ; Ring system and 

Tie-Bar system. 

(i) Ring system: In this system, bus-bar is divided into sections and 

these sections are connected through reactors as shown in Fig. 17.6. 

Generally, one feeder is fed from one generator only. Under normal 

operating conditions, each generator will supply its own section of the 

load and very little power will be fed by other generators. This results in 

low power loss and voltage drop in the reactors. However, the 

principal advantage of the system is that if a fault occurs on any 

feeder, only one generator (to which the particular feeder is connected) 

mainly feeds the fault current while the current fed from other generators 

is small due to the presence of Location of Reactors in Power System. 

Therefore, only that section of bus-bar is affected to which the feeder is 

connected, the other sections being able to continue in normal 

operation. 

Bus bar 



 

 

 

 

 
 

 

(ii) Tie-Bar system: Fig. 17.7 shows the tie-bar system. Comparing the 

ring system with tie-bar system, it is clear that in the tie-bar system, 

there are effectively To bar two reactors in series between sections so 

that Location of Reactors in Power System must have approximately 

half the reactance of those used in a comparable ring system. Another 

advantage of tie-bar system is that additional generators may be 

connected to the system without requiring changes in the existing 

reactors. However, this system has the disadvantage that it requires an 

additional bus-bar i.e. the tie-bar. 



 

 

 

 

 
 

 

Steps for Symmetrical Fault Calculations: 

 

It has already been discussed that 3-phase short-circuit faults result in 

symmetrical fault currents i.e. fault currents in the three phases are equal 

in magnitude but displaced 120° electrical from one another. Therefore, 

problems involving such faults can be solved by considering one phase 

only as the same conditions prevail in the other two phases. The 

procedure for the solution of such faults involves the following steps : 

• Draw a single line diagram of the complete network indicating the 

rating, voltage and percentage reactance of each element of the 

network. 

• Choose a numerically convenient value of base kVA and convert 

all percentage reactances to this base value. 

• Corresponding to the single line diagram of the network, draw the 

reactance diagram showing one phase of the system and the 

neutral. Indicate the % reactances on the base kVA in the 

reactance diagram. 



 

 

 

The transformer in the system should be represented by a 

reactance inseries. 

• Find the total % reactance of the network upto the point of fault. 

Let itbe X%. 

• Find the full-load current corresponding to the selected base 

kVA andthe normal system voltage at the fault point. Let it be I. 
• Then various short-circuit calculations are : 

 



 

 

 

Numerical problems on Symmetrical Fault : 
 

 

 

 

 

Q1. A radial power system network is shown in fig. a three phase 

balanced fault occurs at F. Determine the fault current and the line 

voltage at 11.8 KV bus underfault condition. 
 

 

 

 

 



 

 

 

 



 

 

 

 
 

 



 

 

 

 

 

 

 

 

 

 

 

 
 

 



 

 

 

Q2. Two generators G1 and G2 are rated 15MVA, 11KV and 10MVA, 

11KV respectively. The generators are connected to a transformer as 

shown in fig. Calculate the sub transient current in each generator 

when a three phase faultoccurs on the high voltage side of the 

transformer. 
 

 



 

 

 

 

 

 

Fuses Definition: 

TOPIC-3 

FUSES 

 

Fuses Definition States that : A fuses is a short piece of metal, inserted in the circuit, 

which melts when excessive current flows through it and thus breaks the circuit. 

The fuse element is generally made of materials having low melting point, high conductivity 

and least deterioration due to oxidation e.g., silver copper etc. It is inserted in series with 

the circuit to be protected. Under normal operating conditions, the fuse element is at a 

temperature below its melting point. Therefore, it carries the normal current without 

overheating. However, when a short-circuit or overload occurs, the current through the fuse 

increases beyond its rated value. This raises the temperature and fuse element melts (or 

blows out), disconnecting the circuit protected by it. In this way, a fuse protects the machines 

and equipment from damage due to excessive currents. 

The time required to blow out the fuse depends upon the magnitude of excessive current. 

The greater the current, the smaller is the time taken by the fuse to blow out. In other words, 

a fuse has inverse time-current characteristics as shown in Fig. 20.1. Such a characteristic 

permits its use for over current protection. 



 

 

 

 
 

Advantages 

• It is the cheapest form of protection available. 

• It requires no maintenance. 

• Its operation is inherently completely automatic unlike a circuit breaker which requires 

an elaborate equipment for automatic action. 
• It can break heavy short-circuit currents without noise or smoke. 

• The smaller sizes of fuse element impose a current limiting effect under short-circuit 

conditions. 

• The inverse time-current characteristic of a Fuses Definition makes it suitable for over 

current protection. 

• The minimum time of operation can be made much shorter than with the circuit 

breakers. 

Disadvantages 

• Considerable time is lost in rewiring or replacing a fuse after operation. 

• On heavy short-circuits, discrimination between fuses in series cannot be obtained 

unless there is sufficient difference in the sizes of the Fuses Definition concerned. 

• The current-time characteristic of a fuse cannot always be co-related with that of the 

protected apparatus. 

Characteristics of Fuse Element: 



 

 

 

The function of a fuse is to carry the normal current without overheating but when the 

current exceeds its normal value, it rapidly heats up to melting point and disconnects the 

circuit protected by it. In order that it may perform this function satisfactorily, the fuse 

element should have the following desirable characteristics : 

1. low melting point e.g., tin, lead. 

2. high conductivity e.g., silver, copper. 

3. free from deterioration due to oxidation e.g., silver 

4. low cost e.g., lead, tin, copper. 

The above discussion reveals that no material possesses all the characteristics. For instance, 

lead has low melting point but it has high specific resistance and is liable to oxidation. 

Similarly, copper has high conductivity and low cost but oxidizes rapidly. Therefore, a 

compromise is made in the selection of material for a Fuses Definition. 

Fuse Element Materials: 

The most commonly used materials for fuse element are lead, tin, copper, zinc and silver. 

For small currents up to 10 A, tin or all alloy of lead and tin (lead 37%, tin 63%) is used for 

making the fuse element. For larger currents, copper or silver is employed. It is a usual 

practice to tin the copper to protect it from oxidation. Zinc (in strip form only) is good if a 

Fuses Definition with considerable time-lag is required i.e., one which does not melt very 

quickly with a small overload. 

The present trend is to use silver despite its high cost due to the following reasons : 

• It is comparatively free from oxidation. 

• It does not deteriorate when used in dry air. 

• The coefficient of expansion of silver is so small that no critical fatigue occurs. 

Therefore, the fuse element can carry the rated current continuously for a long time. 

• The conductivity of silver is very high. Therefore, for a given rating of fuse element, 

the mass of silver metal required is smaller than that of other materials. This minimizes 

the problem of clearing the mass of vaporized material set free on fusion and thus 

permits fast operating speed. 

• Due to comparatively low specific heat, silver fusible elements can be raised from 

normal temperature to vaporization quicker than other fusible elements. Moreover, the 

resistance of silver increases abruptly as the melting temperature is reached, thus 

making the transition from melting to vaporization almost instantaneous. 

Consequently, operation becomes very much faster at higher 



 

 

 

• Silver vaporizes at a temperature much lower than the one at which its vapour will 

readily Therefore, when an arc is formed through the vaporized portion of the element, 

the arc path has high resistance. As a result, short-circuit current is quickly interrupted. 

Important Terms in Fuses 

The following terms are much used in the analysis of fuses : 

• Current rating of fuse element: It is the current which the fuse element can normally 

carry without overheating or It depends upon the temperature rise of the contacts of the 

fuse holder, fuse material and the surroundings of the Fuses Definition. 

• Fusing current: It is the minimum current at which the fuse element melts and thus 

disconnects the circuit protected by it. Obviously, its value will be more than the 

current rating of the fuse element. 

For a round wire, the approximate relationship between fusing current I and diameter d of 

the wire is 
 

where k is a constant, called the fuse constant. Its value depends upon the metal of which 

the fuse element is made. Sir W.H. Preece found the value of k for different materials as 

given in the table below : 
 

The fusing current depends upon the various factors such as : 

1. material of fuse element 

2. length — the smaller the length, the greater the current because a short fuse can 

easily conduct away all the heat 

3. diameter 

4. size and location of terminals 

5. previous history 

6. type of enclosure used 



 

 

 

• Fusing factor: It is the ratio of minimum fusing current to the current rating of the fuse 

element i.e. 

 

Its value is always more than one. The smaller the fusing factor, the greater is the difficulty 

in avoiding deterioration due to overheating and oxidation at rated carrying current. For a 

semi-enclosed or rewirable Fuses Definition which employs copper wire as the fuse element, 

the fusing factor is usually 2. Lower values of fusing factor can be employed for enclosed 

type cartridge fuses using silver or bimetallic elements. 
 

• Prospective Current: Fig. 20.2 shows how a.c. current is cut off by a fuse. The fault 

current would normally have a very large first loop, but it actually generates sufficient 

energy to melt the fuseable element well before the peak of this first loop is reached. 

The r.m.s. value of the first loop of fault current is known as prospective current. 

Therefore, prospective current can be defined as under: 

It is the r.m.s. value of the first loop of the fault current obtained if the fuse is replaced 

by an ordinary conductor of negligible resistance. 

• Cut-off current: It is the maximum value of fault current actually reached before the 

fuse melts. 

On the occurrence of a fault, the fault current has a very large first loop due to a fair degree 

of asymmetry. The heat generated is sufficient to melt the fuse element well before the peak 



 

 

 

of first loop is reached (point ‘a’ in Fig. 20.2). The current corresponding to point ‘a’ is the 

cut off current. The cut off value depends upon 

• current rating of fuse 

• value of prospective current 

• asymmetry of short-circuit current 

It may be mentioned here that outstanding feature of fuse action is the breaking of circuit 

before the fault current reaches its first peak. This gives the Fuses Definition a great 

advantage over a circuit breaker since the most severe thermal and electro-magnetic effects 

of short-circuit currents (which occur at the peak value of prospective current) are not 

experienced with fuses. Therefore, the circuits protected by fuses can be designed to 

withstand maximum current equal to the cut-off value. This consideration together with the 

relative cheapness of fuses allows much saving in cost. 

• Pre-arcing time: It is the time between the commencement of fault and the instant 

when cut off occurs. 

When a fault occurs, the fault current rises rapidly and generates heat in the fuse element. As 

the fault current reaches the cut off value, the fuse element melts and an arc in initiated. The 

time from the start of the fault to the instant the arc is initiated is known as pre-arcing time. 

The pre-arcing time is generally small : a typical value being 0.001 second 

• Arcing time: This is the time between the end of pre-arcing time and the instant when 

the arc is extinguished. 
• Total operating time: It is the sum of pre-arcing and arcing times. 

It may be noted that operating time of a fuse is generally quite low (say 0.002 sec.) as 

compared to a circuit breaker (say 0.2 sec or so). This is an added advantage of a fuse over a 

circuit breaker. A fuse in series with a circuit breaker of low-breaking capacity is a useful 

and economical arrangement to provide adequate short-circuit protection. It is because the 

fuse will blow under fault conditions before the circuit breaker has the time to operate. 

• Breaking capacity: It is the r.m.s. value of a.c. component of maximum prospective 

current that a fuse can deal with at rated service voltage. 

 

Fuse Current Carrying Capacity 

Current carrying capacity is the amount of current which a fuse can easily conduct without 

interrupting the circuit. 



 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

Types of Fuses 

There are different types of fuses available in the market and they can be categories on the 

basis of Different aspects. 

Fuses can be divided into two main categories according to the type of input supply voltage. 

• AC fuses 

• DC fuses 

There is a little difference between AC and DC fuses used in the AC and DC Systems which 

has been discussed below. 



 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

Fuses can be divided into two main categories according to the type of input supply voltage. 

• AC fuses 

• DC fuses 

There is a little difference between AC and DC fuses used in the AC and DC Systems which 

has been discussed below. 

DC Fuses 

In a DC system, when the metallic wire melts because of the heat generated by the over 

current, then Arc is produced and it is very difficult to extinguish this arc because of DC 

constant value. So in order to minimize the fuse arcing, DC fuse are little bigger than an AC 

fuse which increases the distance between the electrodes to reduce the arc in the Fuse. 

AC Fuses 

On the other hand, i.e. in the AC system, voltage with 60Hz or 50Hz frequency changes its 

amplitude from zero to 60 times every second, so arc can be extinct easily as compared to 

DC. Therefore, AC fuses are a little bit small in sizes as compared to DC fuses. 

Fuses can also be categorized based on one time or multiple Operations. 



 

 

 

Cartridge Fuses 

Cartridge fuses are used to protect electrical appliances such as motors, air-conditions, 

refrigerator, pumps etc, where high voltage rating and currents are required. They are 

available up to 600A and 600V AC and widely used in industries, commercial as well as 

home distribution panels. 

There are two types of Cartridge fuses. 1. General purpose fuse with no time delay and 

2. Heavy-duty cartridge fuses with time delay. Both are available in 250V AC to 600V AC 

and its rating can be found on the end cap or knife blade. 

Cartridge Fuses are enclosed in a base and can be divided further in Link type cartridge fuses 

and D Type Cartridge Fuses. 

 

D – Type Cartridge Fuse 

D-Types fuse contains an adapter ring, base, cap and cartridge. Fuse base is connected to the 

fuse cap where the cartridge is inside the fuse cap. The circuit is completed when the tip of 

the cartridge makes contacts through the fuse link conductor. 

 

  Cartridge Fuses 

HRC (High Rupturing Capacity) Fuse or Link Type Cartridge Fuse 

 

We have already discussed in very details about HRC fuse (High Rupturing Capacity) 

construction, operation and their applications. It also covers different types of HRC fuses 

like DIN type, NH Type, Blade Type, Liquid Type HRC Fuse, Expulsion Type HV Fuse, 

advantages & disadvantage etc. 



 

 

 

 
 

Types of HRC fuse 

High Voltage Fuses 

High Voltage (HV) fuses are used in power systems to protect the power transformer, 

distribution transformers and instrument transformer etc. where circuit breakers may not be 

able to protect the system. High Voltage fuses are rated for more than 1500V and up to 

13kV. 

The element of High Voltage fuse is generally made of copper, silver or tin. The fuse link 

chamber may filled with boric acid in case of expulsion type HV (High Voltage) Fuses 

Automotive, Blade Type & Bolted Type Fuses 

These types of fuses (also known as spade or plug-in fuses) come in plastic body and two 

metal caps to fit in the socket. Mostly, they are used in automobiles for wiring and short 

circuit protection. Fuse Limiters, Glass Tube (also known as Bosch Fuse) are widely used in 

automotive industries. The rating of automobile fuses are low as 12V to 42V. 

 
In bolted types of fuses, the base of the fuse contacted directly to the base of the fuse, same 

like HRC Fuses. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Blade Type Fuses: Used in 

Automobiles 
 

 

 

 

 

SMD Fuses (Surface Mount Fuse), Chip , Radial, and Lead Fuses 

SMD Fuses (Surface Mount Device and the name derived from SMT = Surface Mount 

Technology) are chip types of fuses (also known as electronic fuse) are used in DC power 

applications like Hard Drive, DVD players, Camera, cell phones etc where space playing an 

important role because SMD fuses are very tinny in size and hard to replace as well. 

Below are some additional types of SMD Fuses and Leaded fuses. 

• Slow – Blow Chip Fuses 

• Fast Acting Chip Fuses 

• Very Fast Acting Chip Fuses 

• Pulse Tolerant Chip Fuses 

• High Current Rated Chip Fuses 

• Telecom Fuses 

• Through-hole styles fuses 

• Radial Fuse 

• Lead Fuse 

• Axial Fuse 



 

 

 

 
 

 

 

 

 

 

Rewirable Fuses 

The most famous kit-kat fuse (also known as rewireable fuse) mostly used in industries and 

home electrical wiring for small current applications in Low Voltage (LV) systems. 

Rewireable fuse contains 2 basic parts. The inner fuse element as fuse carrier made of tinned 

copper, Aluminum, Lead etc and the base made of porcelain having the IN and OUT 

terminals which is used to be in series with the circuit to protect. 

The main advantage of a rewireable fuse is that It can be rewired easily in case it is blown 

due to short circuit or over current which melts the fuse elements. Simple, put another wire 

of fuse elements with the same rating as before. 

Thermal Fuses 

As mentioned above, thermal fuse is a one time used only fuse. They are temperature 

sensitive fuse and the fuse element is made of temperature sensitive alloy. They are known 

as Thermal Cutouts (TCO) or Thermal Links. 

In a thermal fuse, the fuse element holds a mechanical spring contact which is normally 

closed. When high currents due to over current and short circuit flow through the elements of 

the fuse, the fuse elements melts down which lead to release the spring mechanism and 

prevent the arc and fire and protect the connected circuit. 



 

 

 

 

Resettable Fuses 

Resettable fuse is a device, which can be used multiple times without replacing it. They open 

the circuit, when an over current event occurs and after some specific time they connect the 

circuit again. Polymeric positive temperature coefficient device (PPTC, commonly known as 

a resettable fuse, poly-switch or poly-fuse) is a passive electronic component used to protect 

against short current faults in electronic circuits. 

Application of resettable fuses is overcome where manually replacing fuses is difficult or 

almost impossible, e.g. fuse in the nuclear system or in an aerospace system. 

 

Uses and Applications of Fuses 

Different types of Electrical and Electronic Fuses can be used in all types of electrical 

and electronic systems and applications including: 

• Motors 

• Transformers 

 

• Air-conditions 

• Home distribution boards 

• General electrical appliances and devices 

• Laptops 

• Cell phones 

• Game systems 

• Printers 

• Digital cameras 

• DVD players 

• Portable Electronics 

• LCD monitors 

• Scanners 

• Battery packs 

• Hard disk drives 

• Power convertors 



 

 

 

 

 

 

Fuse vs Circuit Breakers 
 

Fuse Circuit Breaker 

Works on the thermal and 

electrical properties of the 

conducting materials 

Works on the switching principle and 

electromagnetism 

It doesn’t give any indication of 

overloads 

It gives an indication of overloads 

Fuse can only be used once A circuit breaker can be used many 

numbers of times 

Provides protection against power 

overloads 

Provides protection against power 

overloads and short circuits 

It detects and interrupts faulty 

circuit conditions 

It performs the interruption process only. 

Faults are detected by a relay system. 

Low breaking capacity compared 

to the circuit breaker 

High breaking capacity 

Automatic operation Can either be automatic or manually 

operated 

Operating time of fuse is 0.002 

seconds 

Operating time of the circuit breaker is 

0.02 – 0.05 seconds 

Low Cost High Cost 



 

 

 

TOPIC - 4 

CIRCUIT BREAKERS 
 

 

 

Definition: 

A circuit breaker means the device which breaks (Open) the circuit under the 

abnormal condition and protects the system from hazards. 

The function of a circuit breaker is to isolate the faulty point of the power system in case 

of abnormal conditions such as faults. 

Keep reading to understand the working principle of the circuit breaker. 

Different types of circuit breakers are used to perform this function. There are low voltage 

circuit breakers and high voltage circuit breakers. High voltage circuit breakers are mainly 

used in substation and low voltage CB are used in home circuits. 

Important high voltage circuit breakers used in the electrical substation are 

• SF6 Circuit breaker and 

• Vacuum Circuit breaker. 

Low voltage CB includes 

• Miniature Circuit breaker (MCB), 

• Molded Case Circuit Breaker (MCCB), 

• Residual Current Circuit breaker (RCCB) or 

• Ground Fault Circuit Interrupter (GFCI) 

A protective relay is another important device in the power system switchgear. Relay detects 

abnormal conditions and sends a tripping signal to the circuit breaker. After receiving 

the tripping command from the relay, the circuit breaker isolates the faulty part from 

the power system. 

A circuit breaker essentially consists of fixed and moving contacts, called 

electrodes. These contacts are placed in the closed chamber containing a fluid containing 

medium (either liquid or gas) which quenches the arc formed between the contacts. 

Under normal operating conditions, these contacts remain closed and will not open 

automatically until and unless the system becomes faulty. 

The contacts can be opened manually or by remote control whenever desired. 

When a fault occurs on any part of the system, the trip coils of the breaker get energized. The 

moving contacts are pulled apart by some mechanism, thus opening the circuit. 

Circuit Breaker Working Principle 



 

 

 

The working principle of the circuit breaker is explained in this section. 

When the contacts of a circuit breaker are separated under fault conditions, an arc is struck 

between them. The current is thus able to continue until the discharge ceases. 

 

Working of an SF6 Circuit Breaker 

The production of arc not only delays the current interruption process but it also generates 

enormous heat. This heat may cause damage to the system or to the breaker itself. 

Therefore, the main problem in a circuit breaker is to extinguish the arc within the shortest 

possible time. So that heat generated by it may not reach a dangerous value. 

Arcing Phenomenon in Circuit Breaker 

When a short-circuit occurs, a heavy current flows through the contacts of the circuit 

breaker before they are opened by the protective system. 

At the instant when the contacts begin to separate the contact area decreases rapidly. Also, a 

large fault current causes increased current density and hence rise in temperature. 

The heat produced in the medium between contacts (usually the medium is oil or air) is 

sufficient to ionize the air or vaporize and ionize the oil. The ionized air or vapor acts as a 

conductor and an arc is struck between the contact. 

The potential difference between the contacts is quite small and is just sufficient to maintain 

the arc. The arc provides a low resistance path and consequently, the current in the circuit 

remains uninterrupted so long as the arc persists. 

During the arcing period, the current flowing between the contacts depends upon the arc 

resistance. The greater the arc resistance, the smaller the current that flows between the 

contacts. 

The arc resistance depends upon the following factors: 



 

 

 

The degree of ionization – the arc resistance increases with the decrease in the number of 

ionized particles between the contacts. 

Length of the arc – the arc resistance increases with the length of the arc i.e. separation of 

contacts. 

Cross-section of arc – the arc resistance increase with the decrease in the area of cross- 

section of the arc. 

 
Different Methods of Arc Extinction 

Basically, there are two ways in which you can extinguish the arc between the contacts of a 

circuit breaker. They are: 

 
• High Resistance Method 

• Low Resistance Method 

 
High Resistance Method 

In the High Resistance method, the resistance of the arc is increased so that the current will 

become insignificant to maintain the arc. There are several ways in which you can 

implement the High Resistance Method. 

 
Some ways to increase the resistance of the arc are: 

 
• Increasing the arc length 

• Cooling the arc 

• Reducing the area of cross section of the arc 

• Splitting the arc 

This method is usually implemented in DC Circuit breakers and Low Capacity AC Circuits 

as it produces enormous amount of heat during the arc extinction. 

 

Low Resistance Method 

In the low resistance method, as the name suggests, the resistance of the arc maintained low 

until the current becomes zero and the arc extinguishes naturally. Hence, this method is also 

known as Current Zero Method. 
 
 



 

 

 

The low resistance method is often implemented in high power AC circuit breakers as this 

method prevents restriking of the arc even when the voltage across the contacts rises. 

 
Another important factor to consider is the ionization of the medium and the tendency of 

ionized particles to maintain the arc. If the medium between the contacts is deionized, as 

quickly as possible, the possibility of restriking can be reduced significantly. 

 
Deionization of the medium can be achieved by the following ways: 

 
• Increasing the gap between the contacts 

• Increasing the pressure 

• Cooling the arc 

• Gas Blast effect 

 

Arc Voltage: 

As soon as the Breaker contacts open, an arc is formed between the contacts of the Circuit 

Breaker. The voltage which appears across the contacts of the Breaker during this arcing 

period is called the Arc Voltage. Its value is low but when the value of arc current reaches to 

zero, arc voltage will shoot up to its peak value which in turn will try to main the arc across 

the contacts. 

So here we come to a voltage which shoots up to peak when the current crosses to its zero. 

Actually this is the origination of Restriking Voltage. 

Restriking Voltage: 

As the arcing current crosses zero, a high frequency transient voltage appears across the 

contacts of the Circuit Breaker. This Transient voltage is known as Restriking Voltage. Now, 

two question should strike in your smart brain. 

First, why voltage shoots up when arcing current crosses zero? 

Second, why high frequency voltage during transient period? 

 

First, as the power system has appreciable amount of inductance, thus the fault current must 

lag behind the system voltage by 90°. Therefore, when the arcing current crosses zero, the 

voltage across the contacts of Circuit Breaker shoots up to its peak value. 

Second, as the voltage reaches its peak, it restrikes the arc and try to maintain the arc. Due to 

this the arcing current will increase from its zero and correspondingly the voltage must also 

decrease. The combined effect of increasing current and decreasing voltage across the 



 

 

 

contact will bring the voltage back to its normal value within few mili seconds as shown in 

figure below. Thus we see that voltage has very few mili seconds to come back to its normal 

waveform from its peak, and hence voltage will do the thing faster and therefore it will be of 

high frequency as shown in figure below. 

 

 

. 

 

Restriking Voltage has a very important role in the arc extinction process. If the Restriking 

Voltage rises more rapidly than the dielectric strength of the medium between the contacts of 

the Circuit Breaker, the arc will persists for next half cycle and after next half cycle, arcing 

current will again reach to its zero and we will again get a chance. If this time the rate of rise 

of dielectric strength of medium between the contacts is more than rate of rise of Restriking 

Voltage then arc will extinguish. 

Therefore, for arc extinction 

Rate of Rise of Restriking Voltage < Rate of Rise of Dielectric Strength of Medium 

So finally arc extinguished. So the voltage across the contacts of the Circuit Breaker will be 

normal 50 Hz / 60 Hz system voltage. 

Recovery Voltage: 

Recovery Voltage is the normal frequency RMS voltage that appears across the contacts of 

the Circuit Breaker after final arc extinction. It is equal to the system voltage. 

 

 
Classification of Circuit Breakers 

 



 

 

 

There are several ways of classifying different circuit breakers. Some of the common criteria 

used for classification of circuit breakers are: 

 
• Intended Voltage Applications 

• Location of the installation 

• Design Characteristics 

• Method and medium used for current interruption (Arc Extinction) 

Even though there are several ways to classify circuit breakers, the classification based on 

the medium and method of current interruption is most general and significant in the industry 

as well. For now, we will briefly about all these classifications and in the later sections, we 

will discuss the main classification (i.e. based on method of arc extinction) more thoroughly. 

 

Based on Voltage Class 

The first logical classification of circuit breakers is based on the operating voltage intended 

for the circuit breakers to be used. There are two types of circuit breakers based on the 

voltage level. They are: 

 
• Low Voltage Circuit Breakers, which are intended to be used at voltages up to 1000V. 

• High Voltage Circuit Breakers, which are intended to be used at voltages greater than 

1000V. 

Again, high voltage circuit breakers are further divided into 123kV or above and 72.5kV or 

below. 

 

Based on Type of Installation 

Circuit breakers are also classified based on the location of installation i.e. outdoor or indoor 

installation. These circuit breakers are usually high voltage circuit breakers. Indoor circuit 

breakers are designed to be used inside buildings or with special weather resistant 

enclosures, usually a metal clad switchgear enclosure. 

 
In fact, the main difference between indoor and outdoor circuit breakers is the packaging 

structures and enclosures while the internal structure like current carrying parts, interrupting 

mechanism and operation are pretty much the same. 



 

 

 

Based on Type of External Design 

The classification of circuit breakers is also done based on the physical structural design and 

it is usually done in two ways. They are: 

 
• Dead Tank Type Circuit Breakers 

• Live Tank Type Circuit Breakers 

In Dead Tank Type Circuit Breakers, the switching device is placed in a vessel at ground 

potential and it is surrounded by interrupters and insulating medium. One the other hand, in a 

Live Tank Type Circuit Breaker, the vessel containing the interrupters and insulating 

medium is at higher potential than ground. 

 
Dead Tank Circuit Breakers are more common in the US while Live Tank Circuit Breakers 

are frequently used in Europe and Asia. 

 

Based on Type of Interrupting Medium 

The most significant and important classification of circuit breakers is based on the 

interrupting medium and arc extinction method. In fact, the current interrupting medium and 

the arc extinction method have become the main factors in designing the circuit breakers and 

also, they dictated the overall design parameters. 

 
Originally, oil and air served as the interrupting medium and continue to be still used even 

after almost a century since their first implementation. 

 
There are two newer techniques, one involving vacuum and the other one based on 

Sulfurhexafluoride (SF6) gas as the interrupting medium. These two dominate today’s circuit 

breaker industry but oil and air circuit breakers are also still in service. 

 

Different Types of Circuit Breakers 

Since the general and most common way of classification of circuit breakers is based on 

medium used for arc extinction, we will see different types of circuit breakers based on the 

same. 
 
 



 

 

 

Usually, the medium used for extinction of arc is air, oil, Sulfurhexafluoride gas or vacuum. 

Hence, the different types of circuit breakers based on these media are: 

 
• Air Magnetic Circuit Breakers 

• Air Blast Circuit Breakers 

• Oil Circuit Breakers 

• Sulfurhexafluoride (SF6) Circuit Breakers 

• Vacuum Circuit Breakers 

Each type has its advantages and disadvantages and we will take a look as all these different 

types of circuit breakers in detail. 

 

Air Magnetic Circuit Breakers 

The first circuit breaker is the Air Magnetic Circuit Breaker. It is also called as Arc Chute 

Circuit Breaker. Usually, it consists of a number of plates between the contacts and are made 

up of either metallic or insulated materials. 
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When the arc is struck, it comes in contact with the series of metal plates. As a result, the 

main arc is divided into a number of smaller arcs that across the plates and the voltage drop 

is usually 30 to 40 volts. In this type of circuit breaker, the plates are usually metallic. 

 
Another type of arc chute circuit breaker is based on a magnetic low-out assist. This type 

usually uses insulated arcing plates and are made of ceramic. 

 
In this type, the arc is first made to travel between the insulating plates to elongate the arc. 

Then the arc is cooled by diffusion. When the circuit breaker begins to open and the arc is 

initiated, the separation between the contacts is increased. A coil, which is not part of the 

main conducting circuit, comes into contact with the current. 



 

 

 

The magnetic field created by this coil will exert a force on the arc and as a result, the arc 

tends to move deeper into the chute. 

 

Air Blast Circuit Breakers 

The second ‘air’ based circuit breakers are air blast circuit breakers. In this type, a high- 

pressure air-blast is used as arc extinguishing medium. In case of a fault, the air-blast, 

controlled by a blast valve, will open the contacts and also cools the arc. 

 
The arc and the arching products are swept into the atmosphere, which rapidly increases the 

dielectric strength of the medium. As a result, the restriking of arc is prevented. The arc is 

extinguished consequently and the flow of current is completely interrupted. 

 
There are three types of air blast circuit breakers based on the direction of the air-blast in 

relation to the arc. They are: 

 
• Axial Blast Type 

• Cross Blast Type 

• Radial Blast Type 

In axial-blast circuit breakers, the air-blast flows in the same direction as the arc. The high- 

pressure air-blast will push the moving contact away, opening the circuit and also pushes the 

arc along with it. 



 

 

 

 
 
 

The air-blast in cross-blast type circuit breakers is perpendicular to the arc path and in radial- 

blast type circuit breakers, it is directed radially. 

 

Advantages 

• Risk of fire is eliminated. 

• Arcing products are completely removed by the air-blast. 

• Significantly faster increase in dielectric strength. Hence, the contact gap can be less, 

resulting in smaller device. 

• Arcing time is very small and the arc energy is also small. Suitable for frequent 

operations. 

• Air-blast is independent to the interrupting current. 
 

Disadvantages 

• Arc extinguishing properties of air are inferior. 

• Sensitive to variations in restricting voltage. 

• Air-blast compressor needs to be maintained. 

 
Oil Circuit Breakers 



 

 

 

In Oil Circuit Breakers, an insulating oil is used as the arc extinguishing medium. As the 

contacts are opened in oil, when the arc strikes, the surrounding oil is evaporated as 

hydrogen gas. 
 
 

 
The hydrogen gas bubble will surround the arc region. Hydrogen gas, due to its high thermal 

conductivity, cools the arc and also deionizes the medium. Also, the gas causes turbulence in 

the surrounding oil and all the arcing products are pushed away from the arc. 

 
There are two types of oil circuit breakers. They are: 

 
• Bulk Oil Circuit Breakers 

• Low Oil Circuit Breakers 

As the name suggests, bulk oil circuit breakers use a significantly large quantity of oil. 

Further, bulk oil circuit breakers are again divided into two types. 

 
• Plain Break Oil Circuit Breakers 

• Arc Control Oil Circuit Breakers 



 

 

 

In Plain Break Oil Circuit Breakers, the contacts are separated in the oil tank and the system 

for arc control is to increase the separation of the contacts. When a critical gap between the 

contacts is reached, the arc extinction occurs. 

 
The lack of control over the arc in plain break oil circuit breakers is overcome in Arc Control 

Oil Circuit Breakers. The arc control is implemented in two ways known as: 

 
• Self-blast Oil Circuit Breakers 

• Forced-blast Oil Circuit Breakers 

In self-blast type breakers, an insulating rigid pressure chamber is used with the contacts and 

the gases released during arcing are confined to this chamber or pot. The high pressure 

developed in the small chamber will force the oil as gas to go through the arc and 

subsequently extinguishing it. 
 

 

 
There are three type or designs of pressure pots in Self-blast Oil Circuit Breakers. They are: 



 

 

 

• Plain Explosion Pot 

• Cross Jet Explosion Pot 

• Self-compensated Explosion Pot 

Coming to Forced-blast Oil Circuit Breakers, a piston cylinder is used to create the necessary 

oil pressure in contrast to Self-blast Oil Circuit Breakers, where the pressure is developed by 

the arc itself. 

 
In all the Bulk Oil Circuit Breakers mentioned above, the oil has two jobs. One is to act as an 

arc extinguishing medium and the other is to insulate live circuit from earth. Only a small 

percentage (10% or less) is actually used for arc extinction and the majority of the oil is used 

for insulating purpose. 

 
In Low Oil Circuit Breakers, oil is used for arc extinction and a solid material like porcelain 

and paper are used for insulation. 

 

Advantages 

• Oil has excellent cooling property and the arc energy converts the oil into gas. 

• Acts as insulator between live wires and earth. 
 

Disadvantages 

• Oil is inflammable and is a fire hazard. 

• Arcing products cannot escape and remain in the oil. 

Maintenance of Oil Circuit Breakers 

The maintenance of oil circuit breakers consists of checking of contacts and dielectric 

strength of the oil. After fault has been interrupted by circuit breaker, fault current flows for 

short time or load current for several times, its contacts may be burnt due to arcing. Also 

there may be some loss of dielectric strength of oil due to carbonization. This will reduce 

rupturing capacity of the breaker. Thus periodic checking of circuit breakers is essential after 

regular interval of 3 or 6 months. 

Following points should be kept in mind while checking: 

i) Check the current carrying parts. It they are burnt replace them. 

ii) Check the dielectric strength of oil. If its colour is changed then it should be 

changed or reconditioned. The oil in good condition withstands 30 kV for one minute 

with 4mm gap between electrodes. 
 



 

 

 

iii) Check the insulation for any damage. Clean the surface with removal of carbon 

deposites with strong and dry fabric. 

iv) The oil level should be checked. 

v) The closing and tripping mechanism should be checked. 

 

 

Sulfurhexafluoride (SF6) Circuit Breakers 

In Sulfur Hexafluoride circuit breakers, Sulfur Hexafluoride with chemical formula SF6, is 

used as the arc extinguishing medium. 

 
The Sulfurhexafluoride gas is electro-negative in nature i.e. it attracts free electrons. When 

the circuit contacts are opened, a high pressure Sulfurhexafluoride gas flows through the 

chamber as the arc strikes. 

 
Free electrons produced during the arcing are quickly absorbed by the SF6 gas resulting in 

immobile negative ions. As the arc loses its conducting electrons, the insulating strength of 

the surrounding medium is quickly increased and the arc completely extinguishes. 

 
Following image shows a simplified construction of SF6 Circuit Breaker. Both the fixed and 

moving contacts are placed in arc chamber, which contains Sulfurhexafluoride gas. When the 

contacts open, a high pressure SF6 gas from a reservoir will flow through the chamber’s 

inlet. 



 

 

 
 

 

Advantages 

• Superior arc extinguishing property. 

• Can interrupt larger currents as the dielectric strength of SF6 gas is almost 3 times 

greater than air. 

• Noise free operation and no exhaust into atmosphere. 

• Moisture free operation as the gas filled chamber keeps in interior dry. 

• Very low maintenance and requires minimum equipment. 

• Suitable for hazardous and hostile conditions like coal mines as the breakers are 

enclosed and sealed. 

 

Disadvantages 

• Sulfurhexafluoride gas is very costly. 

• SF6 has to be reconditioned after every operation. 

• This high pressure Sulfurhexafluoride gas will absorb all the conducting free electrons 

and as a result causes the extinction of the arc. 
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Vacuum Circuit Breakers 

In vacuum circuit breakers or VCB, the arc extinguishing medium is, well Vacuum. It offers 

superior arc extinguishing properties than other medium as it has the highest insulating 

strength. 

 
When the contacts of the circuit breaker in vacuum are opened, an arc is formed due to 

ionization of the metal vapours of the contacts. But the arc is quickly extinguished as the 

vapours rapidly condense. 

 
A typical vacuum circuit breaker is shown in the following image. It consists of a moving 

contact and a fixed contact and also an arc shield mounted in a vacuum chamber. The outer 

insulating body is usually made up of glass or ceramic. 
 

 

 

 

 
 



 

 

 

Advantages 

• No fire hazards. 

• Compact, very reliable and have very long life. 

• No gas is generated during or after operation. 

• No or very little maintenance. 

• VCB can interrupt any fault current. 

• Can withstand lightning strikes. 

• Low arc energy is released. 

 

SWITCHGEAR COMPONENT : 

 
A switchgear assembly has two types of components: 

• Power conducting components, such as switches, circuit breakers, fuses, and lightning 

arrestors, that conduct or interrupt the flow of electrical power. 

• Control systems such as control panels, current transformers, potential transformers, 

protective relays, and associated circuitry, that monitor, control, and protect the power 

conducting components. 



 

 

 

Problems of Circuit Interruption 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 



 

 

 

 

 
 

 



 

 

 

 
 

 



 

 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 

 
 

 



 

 

 

 
 

 



 

 

 

 

 
 

 



 

 

 

 
 

 



 

 

 

 

 

 



 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


