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Course outcomes 

Co1: - acquire the knowledge of switchgear, busbar, shortcircuit, different types faults in a power system. 

Co2: -calculation of symmetrical fault by acquiring the knowledge of percentage reactance, base KVA, short circuit KVA, 

location of reactors. 

Co3: - acquire the knowledge of various types of fuses and circuit breakers, their design and constructional details, 

operation in normal and abnormal condition that could occur in power system. 

Co4: -acquire knowledge of various conventional relays, their design and latest developments. 

Co5: -identify different faults occur in alternator & explain protection of alternator. Describe protection of transformer, 

busbar, transmission line and feeders. 

CO6: - explain various cause and mechanism of lightning discharge. Describe the various types of lightning arresters and 

surge absorber. 

CO7: - describe the advantage of static relay, overcurrent relay & IDMT relay. 

 

Program outcomes 

1. Basic and discipline specific knowledge: apply knowledge of basic mathematics, science and engineering fundamentals 

and engineering specialization to solve the engineering problems. 

2. Problem analysis: Identify and well-defined engineering problems using codified standard methods. 

3. Design / development of solutions: design solutions for well defined technical problems and assist with the design of 

systems components or process to meet specified needs. 

4. Engineering tools, experimentation and testing: apply modern engineering tools and appropriate technique to conduct 

standard test and measurements. 

5. Engineering practice for society, sustainability and environment: appropriate technology in context of society, 

sustainability, environment and ethical practice 

6. Project management: use engineering management principles individually, as a team member or a leader to manage 

projects an effectively communicate about well-defined engineering activities. 

7. Lifelong learning: ability to analysis individual needs and engage in updating in the context of technological changes. 



 

 

MAPPING BETWEEN CO AND PO 

            
PO 
CO           

1 2 3 4 5 6 7 

1 ✓    ✓  ✓   ✓  

2 ✓  ✓  ✓    ✓  ✓  

3 ✓  ✓  ✓  ✓    ✓  

4 ✓  ✓  ✓  ✓   ✓  ✓  

5 ✓    ✓   ✓  ✓  

6 ✓     ✓  ✓  ✓  

7 ✓     ✓   ✓  

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Chapter 1 INTRODUCTION TO SWITCHGEAR 

                   Switchgear: 

The apparatus used for switching, controlling and protecting the electrical circuits and equipment is 

known as switchgear. 

The switchgear equipment is essentially concerned with switching and interrupting currents 

either under normal or abnormal operating conditions. The tumbler switch with ordinary fuse is the 

simplest form of switchgear and is used to control and protect lights and other equipment in homes, 

offices etc. For circuits of higher rating, a high-rupturing capacity (H.R.C.) fuse in conjuction with a 

switch may serve the purpose of controlling and protecting the circuit. However, such a switchgear 

cannot be used profitably on high voltage system (3·3 kV) for two reasons. Firstly, when a fuse 

blows, it takes sometime to replace it and consequently there is interruption of service to the custom- 

ers. Secondly, the fuse cannot successfully interrupt large fault currents that result from the faults on 

high voltage system. 

With the advancement of power system, lines and other equipments operate at high voltages and 

carry large currents. When a short circuit occurs on the system, heavy current flowing through the 

equipment may cause considerable damage. In order to interrupt such heavy fault currents, auto- 

matic circuit breakers (or simply circuit breakers) are used. A circuit breaker is a switchgear which 

can open or close an electrical circuit under both normal and abnormal conditions. Even in instances 

where a fuse is adequate, as regards to breaking capacity, a circuit breaker may be preferable. It is 

because a circuit breaker can close circuits, as well as break them without replacement and thus has 

wider range of use altogether than a fuse. 

              Essential features of switchgear: 

The essential features of switchgear are : 

(i) Complete reliability. With the continued trend of interconnection and the increasing 

capacity of generating stations, the need for a reliable switchgear has become of paramount impor- 

tance. This is not surprising because switchgear is added to the power system to improve the reliabil- 

ity. When fault occurs on any part of the power system, the switchgear must operate to isolate the 

faulty section from the remainder circuit. 

(ii) Absolutely certain discrimination. When 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. 

(iii) Quick operation. When 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 fault is not cleared by switchgear quickly, it is likely to spread into healthy 

parts, thus endangering complete shut down of the system. 

(iv) Provision for manual control. A 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. 

(v) Provision for instruments. There must be provision for instruments which may be required. 

These may be in the form of ammeter or voltmeter on the unit itself or the necessary current and 

voltage transformers for connecting to the main switchboard or a separate instrument panel. 
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        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 and 

other equipment. A brief account of these devices is given below. However, the reader may find the 

detailed discussion on them in the subsequent chapters. 

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 (i) air switches (ii) oil switches. The contacts of the former are opened in air 

and that of the latter are 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. Arcing horns 

are pieces of metals between which arc is formed during opening operation. As the switch opens, 

these horns are spread farther and farther apart. Consequently, the arc is lengthened, cooled and 

interrupted. Air-break switches are generally used outdoor for circuits of medium capacity such as 

lines supplying an industrial load from a main transmission line or feeder. 

 

 

 

 

 

 

 

(ii) Isolator or disconnecting switch. It is essentially a knife switch and is designed to open a circuit 

under no load. Its main purpose is to isolate one portion of the circuit from the other and is not intended 

to be opened while current is flowing in the line. Such switches are generally used on both sides of 

circuit breakers in order that repairs and replacement of circuit breakers can be made without any 

danger. They should never be opened until the circuit breaker in the same circuit has been opened and 

should always be closed before the circuit breaker is closed. 

(iii) Oil switches. As the name implies, the contacts of such switches are opened under oil, usually 

transformer oil. The effect of oil is to cool and quench the arc that tends to form when the circuit is 

opened. These switches are used for circuits of high voltage and large current carrying capacities. 

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. Under normal operating 

conditions, the fuse element it at a temperature below its melting point. Therefore, it carries the 

normal load current without overheating. However, 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. Inthis way, a fuse 

protects the machines and equipment from damage due to excessive currents. It is worthwhile to 

note that a fuse performs both detection and interruption functions. 

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. Fig. 16.1 (i) shows the parts of 
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a typical oil circuit breaker whereas Fig. 16.1 (ii) shows its control by a relay circuit. The circuit 

breaker essentially consists of moving and fixed contacts enclosed in strong metal tank and immersed 

in oil, known as transformer oil. 

Under normal operating conditions, the contacts remain closed and the circuit breaker carries the 

full-load current continuously. In this condition, the e.m.f. in the secondary winding of current 

transformer (C.T.) is insufficient to operate the trip coil of the breaker but the contacts can be opened 

(and hence the circuit can be opened) by manual or remote control. When a fault occurs, the resulting 

overcurrent in the C.T. primary winding increases the secondary e.m.f. This energises the trip coil of 

the breaker and moving contacts are pulled down, thus opening the contacts and hence the circuit. 

The arc produced during the opening operation is quenched by the oil. It is interesting to note that 

relay performs the function of detecting a fault whereas the circuit breaker does the actual circuit 

interruption. 

 

 

4. Relays. A relay is a device which detects the fault and supplies information to the breaker for circuit 

interruption. Fig. 16.1 (ii) shows a typical relay circuit. It can be divided into three parts viz. 

(i) The primary winding of a *current transformer (C.T.) which is connected in series with the 

circuit to be protected. The primary winding often consists of the main conductor itself. 

(ii) The second circuit is the secondary winding of C.T. connected to the relay operating coil. 

(iii) The third circuit is the tripping circuit which consists of a source of supply, trip coil of 

circuit breaker and the relay stationary contacts. 

Under normal load conditions, the e.m.f. of the secondary winding of C.T. is small and the current 

flowing in the relay operating coil is insufficient to close the relay contacts. This keeps the trip coil 

of the circuit breaker unenergised. Consequently, the contacts of the circuit breaker remain closed 

and it carries the normal load current. When a fault occurs, a large current flows through the primary 

of C.T. This increases the secondary e.m.f. and hence the current through the relay operating coil. The 

relay contacts are closed and the trip coil of the circuit breaker is energised to open the contacts of 

the circuit breaker. 

                 Busbar arrangement: 

 

When a number of generators or feeders operating at the same voltage have to be directly connected 

electrically, bus-bars are used as the common electrical component. *Bus-bars are copper rods or 

thin walled tubes and operate at constant voltage. We shall discuss some important bus-bars arrange- 

ments used for power stations and sub-stations. All the diagrams refer to 3-phase arrangement but are 

shown in single-phase for simplicity. 
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(1) Single Bus-bar System. The single bus- 

bar system has the simplest design and is used for 

power stations. It is also used in small outdoor 

stations having relatively few outgoing or incom- 

ing feeders and lines. Fig. 16.2 shows the single 

bus-bar system for a typical power station. The 

generators, outgoing lines and transformers are 

connected to the bus-bar. Each generator   and 

feeder is controlled by a circuit breaker. The iso- 

lators permit to isolate generators, feeders and cir- 

cuit breakers from the bus-bar for maintenance. 

The chief advantages of this type of arrangement 

are low initial cost, less maintenance and simple 

operation. 

 

 

 

Disadvantages: single busbar system has the following three disadvantages. 

1. The busbar cannot be cleaned, repaired or tested without deenergizing the whole system. 

2. If a fault occurs on the busbar itself, there is complete interruption of supply. 

3. Any fault on the system is fed by all the generating capacity, resulting in very large fault 

currents. 

(2) Single bus-bar system with Sectionalisation. In large generating stations where several units 

are installed, it is a common practice to sectionalise the bus so that fault on any section of the bus-

bar will not cause complete shut down. This is illustrated in Fig. 16.3 which shows the bus-bar 

divided into two sections connected by a circuit breaker and isolators. Three principal advantages 

are claimed for this arrangement. Firstly, if a fault occurs on any section of the bus-bar, that section 

can be isolated without affecting the supply to other sections. Secondly, if a fault occurs on any 

feeder, the fault current is much **lower than with unsectionalised bus-bar. This permits the use of 

circuit breakers of lower capacity in the feeders. Thirdly, repairs and maintenance of any section of 

the bus-bar can be carried out by de-energising that section only, eliminating the possibility of com- 

plete shut-down. 

It is worthwhile to keep in mind that a circuit breaker should be used as the sectionalising switch 

so that uncoupling of the bus-bars may be carried out safely during load transfer. Moreover, the 

circuit breaker itself should be provided with isolators on both sides so that its maintenance can be 

done while the bus-bars are alive. 

 

(3) Duplicate bus-bar system. In large stations, it is important that breakdowns and mainte- nance should 

interfere as little as possible with continuity of supply. In order to achieve this objec- tive, duplicate bus-bar 

system is used in important stations. Such a system consists of two bus-bars, a “main bus-bar’’ and a “spare” bus-

bar (see Fig. 16.4). Each generator and feeder may be connected to either bus-bar with the help of bus coupler 

which consists of a circuit breaker and isolators. 

In the scheme shown in Fig. 

16.4, service is in- terrupted during 

switch over from one bus to an- 

other. However, if it were desired 

to switch a circuit from one to 
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another with- out interruption of 

service, there would have to be two 

circuit breakers per circuit. Such an 

arrangement will be too expensive. 
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Advantages 

(i) If repair and maintenance it to be carried on the main bus, the supply need not be interrupted 

as the entire load can be transferred to the spare bus. 

(ii) The testing of feeder circuit breakers can be done by putting them on spare bus-bar, thus 

keeping the main bus-bar undisturbed. 

(iii) If a fault occurs on the bus-bar, the continuity of supply to the circuit can be maintained by 

transferring it to the other bus-bar. 

Switchgear Acc omodation: 

The main components of a switchgear are circuit breakers, switches, bus-bars, instruments and instru- 

ment transformers. 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 (ii) indoor type. 

 

(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. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 16.5 shows a typical outdoor sub-station with switchgear equipment. The circuit breakers, 

isolators, transformers and bus-bars occupy considerable space on account of large electrical clear- 

ance associated with high voltages. 

(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. The primary object of 

this practice is the definite localisation and restriction of any fault to its place of origin.
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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. 

This can be beautifully illustrated by referring to Fig. 16.6 where 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. It is worth- 
while to make a distinction   between a **short-circuit and  an 

overload. When a short-circuit occurs, the voltage at fault point 

is reduced to zero and current of abnormally high magnitude flows 

through the network to the point of fault. On the other hand, an 

overload means that loads greater than the designed values have 

been imposed on the system. Under such conditions, the voltage 

at the overload point may be low, but not zero. The undervoltage conditions may extend for some 

distance beyond the overload point into the remainder of the system. The currents in the overloaded 

 

      equipment are high but are substantially lower than that in the case of a short-circuit. 

Causes of short-circuit. A short circuit in the power system is the result of some kind of abnor- 

mal 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 

deterio- ration 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, over- loading of equipment causing excessive heating; mechanical damage 

by public etc. 

Effects of short-circuit. When a short-circuit occurs, the current in the system increases to an 

abnormally high value while the system voltage decreases to a low value. 

(i) The heavy current due to short-circuit causes excessive heating which may result in fire or 

explosion. Sometimes short-circuit takes the form of an arc and causes considerable damage to the 

system. For example, an arc on a transmission line not cleared quickly will burn the conductor 

severely causing it to break, resulting in a long time interruption of the line. 

(ii) The low voltage created by the fault has a very harmful effect on the service rendered by the 

power system. If the voltage remains low for even a few seconds, the consumers’ motors may be shut 

down and generators on the power system may become unstable. 

Due to above deterimental effects of short-circuit, it is desirable and necessary to disconnect the 

faulty section and restore normal voltage and current conditions as quickly as possible.
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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 associ- 

ated 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: 

A fault occurs when two or more conductors that normally operate with a potential difference come in 

contact with each other. These faults may be caused by sudden failure of a piece of equipment, 

accidental damage or short-circuit to overhead lines or by insulation failure resulting from lightning 

surges. Irrespective of the causes, the faults in a 3-phase system can be classified into two main 

categories viz. 

v. Symmetrical faults (ii) Unsymmetrical faults 

(i) Symmetrical faults. That fault which gives rise to symmetrical fault currents (i.e. equal 

faults currents with 120o displacement) is called a symmetrical fault. The most common example of 

symmetrical fault is when all the three conductors of a 3-phase line are brought together simulta- 

neously into a short-circuit condition. The method of calculating fault currents for symmetrical faults 

is discussed in chapter 17. 

(ii) Unsymmetrical faults. Those faults which give rise to unsymmetrical currents (i.e. un- 

equal line currents with unequal displacement) are called unsymmetrical faults. The unsymmetrical 

faults may take one of the following forms : 

 

(a) Single line-to-ground fault (b) Line-to-line fault (c) Double line-to-ground fault 

The great majority of faults on the power system are of unsymmetrical nature; the most common type being a short-circuit 
from one line to ground. The calculations of such fault currents are made by “symmetrical components” method.
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  Chapter 2 FAULT CALCULATION 
 

Symmetric al Faults on 3-Phase System: 

That fault on the power system which gives rise to symmetrical fault currents (i.e. equal fault cur- rents in the lines with 120o 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 i.e. equal fault currents with 120o 

displacement. Thus referring to Fig. 17.1, fault currents IR, IY 
o 

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 : 

(i) The symmetrical fault rarely occurs in practice as ma-                               

jority of the faults are of unsymmetrical nature. How- 

ever, symmetrical fault calculations are being dis- 

cussed in this chapter to enable the reader to under- 

stand the problems that short circuit conditions present 

to the power system. 

(ii) 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 fault occurs on the feeder at point F, 

then the short circuit current from the generating sta- 

tion will have a value limited by the impedance of gen- 

erator and transformer and the impedance of the line 

between the generator and the point of fault. This shows that the knowledge of the impedances 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 fault current are largely reactive, such as trans- 

formers, 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%. 
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Percentage Reactance: 

The reactance 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 current is 

flowing i.e., 

%X   =  
 I  X 

 100 ...(i) 

where I = full-load current 

V = phase voltage 

X = reactance in ohms per  

 Alternatively, percentage reactance (%X) can also be expressed in terms* of kVA and kV as under : 
 

%X = 

 

where X is the reactance in ohms. 

akVAf X 

10 akVf2
 

 

...(ii) 

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

ISC 
= v/x

 

=  I  (100/%X) 

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

100/% X



 

  

 

 

 

 

 

For instance, if the percentage reactance of an element is 20% and the full-load current is 50 A, then short-circuit 

current will be 50  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 instead of 

ohmic reactance in short-circuit calculations. Percentage reactance values remain unchanged as they 

are referred through 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 reactances 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 unimpor- 

tant and may be : 

(i) equal to that of the largest plant 

(ii) equal to the total plant capacity 

(iii) any arbitrary value 

The conversion can be effected by using the following relation : 

% age reactance at base kVA =
 Base kVA 

 % age reactance at rated kVA 
Rated kVA 

Thus, a 1000 kVA transformer with 5% reactance will 

have a reactance of 10% at 2000 kVA base. 

Illustration. 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 dia- 

gram of the system is shown in Fig. 17.3. Suppose a short-circuit fault between three phases occurs
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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, the reactances 

of the various elements in the system will be : 

Reactance of transformer at 2500 kVA base 

= 5  2500*/1000 = 12·5% 

Reactance of generator at 2500 kVA base 

= 10 × 2500/2500 = 10% 

Total percentage reactance on the common base kVA 

%X = 12·5 + 10 = 22·5% 

The full† load current corresponding to 2500 kVA base at 66 kV is given by ; 

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 
 

 

* % reactance at base kVA = 
 base kVA

 

rated kVA 

 
 % reactance at rated kVA 

† Full-load current has to be found out for the base kVA selected. 

I =
 2500  1000 

= 21·87 A
 

 

 Short-circuit current, ISC = I  
100 

= 21·87 
 100 

= 97·2 A 
  

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

Reactance of transformer at 5000 kVA base 

= 5  5000/1000 = 25% 

Reactance of generator at 5000 kVA base 

= 10  5000/2500 = 20% 

Total percentage reactance on the common base kVA 

I =
 5000  1000 

= 43·74 A
 

3  66  1000 

    Short-circuit current,  I = I  100 = 43·74  
100 

= 97·2 A 
SC   

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. 
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Short-circuit current, ISC 

=I(100/%X) 

 Short-circuit kVA for 3-phase circuit 

= 
3 V ISC 

1000 

=   
3 V I  

 100 

1000 %X 

=  Base kVA  
100

 
%X 

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, addi- 

tional 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 change in the efficiency of the system. 

Advantages 

(iv) Reactors limit the flow of short-circuit current and thus protect the equipment from over- 

heating as well as from failure due to destructive mechanical forces. 

(v) 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. 

(vi) They permit the installation of circuit breakers of lower rating. 

Location of Reactors: 

Short circuit current limiting reactors may be con- 

nected (i) in series with each generator (ii) in series 

with each feeder and (iii) 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 consid- 

ered before a choice of reactor location 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 leak-  
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-age reactance of the generator. Hence its effect is to protect the generator in the case of any short-circuit beyond the 

reactors. 

Disadvantages 

(i) There is a constant voltage drop and power loss in the reactors even during normal 

operation. 

(ii) 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. 

(iii) 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 sepa- 

rate 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 princi- 

pal advantages are claimed for feeder reactors. 

Firstly, if a fault occurs on any feeder, the voltage 

drop in its reactor will not affect the bus-bars volt- 

age so that there is a little tendency for the genera- 

tor to lose synchronism. Secondly, the fault on a 

feeder will not affect other feeders and consequently 

the effects of fault are localised. 

Disadvantages 

(i) There is a constant power loss and voltage drop in the reactors even during normal opera- 

tion. 

(ii) If a short-circuit occurs at the bus-bars, no protection is provided to the generators. How- 

ever, 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 termi- 

nals. 

(iii) 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 disadvan- 

tage that there is considerable voltage drop and power loss in the reactors even during normal opera- 

tion. 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 di- 

vided 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 genera- 

tor (to which the particular feeder is connected) 

mainly feeds the fault current while the current fed 
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from other generators is small due to the presence of 

reactors. Therefore, only that section of bus-bar is af- 

fected to which the feeder is connected, the other sec- 

tions being able to continue in normal operation. 

(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 

two reactors in series between sections so that reactors 

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 120o electrical from one an- 

other. 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 in- 

volves the following steps : 

(i) Draw a single line diagram of the complete network indicating the rating, voltage and per- 

centage reactance of each element of the network. 

(ii) Choose a numerically convenient value of base kVA and convert all percentage reactances 

to this base value. 

(iii) Corresponding to the single line diagram of the network, draw the reactance diagram show- 

ing 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 

in series. 

(iv) Find the total % reactance of the network upto the point of fault. Let it be X%. 

(v) Find the full-load current corresponding to the selected base kVA and the normal system 

voltage at the fault point. Let it be I. 

(vi) Then various short-circuit calculations are : 

Short-circuit current, ISC 
=   I  

100 

%X 

Short-circuit kVA    =  Base kVA  
100

 
%X 

Example 17.1. Fig. 17.8 (i) shows the single line diagram of a 3-phase system. The percentage 

reactance of each alternator is based on its own capacity. Find the short-circuit current that will 

flow into a complete 3-phase short-circuit at F. 
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