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A. RATIONALE:

Switch gear and protection plays an important role in the protection of electrical power system.
Since the demand of electrical power is increasing the job of generation, transmission & distribution of

electricalenergyis becoming

verycompleted. Tomaintaintheenergysupplytotheconsumer  switching

producer with protection is to be maintained moreover new models of switch gear and protectioncircuits
are also being developed. The use of interconnection bus with National power grid type of switch gear
and protecting devices need to be trained in proper manners. In the subject information on above
context has been included so that the updated knowledge can be given to the students.

B. OBJECTIVE:

Aftercompletionofthissubjectthestudentwillbeable toknow:

1) Thebasicprinciplesofprotectionofalternator,transformerandfeeders.

2) FuseandCircuitbreaker.

3) ProtectiveRelay.

4) LightingArrestor.

5) Calculationofsymmetricalfaultcurrent.

C. Topicwisedistributionofperiods:

Sl.No. Topics
Introductiontoswitchgear
Faultcalculation

Fuses
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Circuitbreakers

Protectiverelays
Protectionofelectricalpowerequipmentandlines
Protectionagainstovervoltageandlighting
Staticrelay
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D. COURSECONTENTS:
1. INTRODUCTIONTOSWITCHGEAR

1.1
1.2
1.3
1.4
15
1.6
1.7

EssentialFeaturesofswitchgear.
SwitchgearEquipment.
Bus-BarArrangement.
SwitchgearAccommodation.
ShortCircuit.

Shortcircuit.
Faultsinapowersystem.

2. FAULTCALCULATION

21
2.2

Symmetricalfaultson3-phasesystem.
Limitationoffaultcurrent.

Period

Page60f28




VISemElectrical

2.3 PercentageReactance.

2.4 PercentageReactanceandBaseKVA.

2.5 Short—circuitKVA.

2.6 Reactorcontrolofshortcircuitcurrents.

2.7 Locationofreactors.

2.8 StepsforsymmetricalFaultcalculations.

2.9 Solvenumericalproblemsonsymmetricalfault.

3. FUSES

3.1 Desirablecharacteristicsoffuseelement.

3.2 FuseElementmaterials.

3.3 TypesofFusesandimportanttermsusedforfuses.
3.4 LowandHighvoltagefuses.

3.5 Currentcarryingcapacityoffuseelement.

3.6 DifferenceBetweenaFuseandCircuitBreaker.

4. CIRCUITBREAKERS

4.1 DefinitionandprincipleofCircuitBreaker.

4.2 ArcphenomenonandprincipleofArcExtinction.
4.3 Methodsof ArcExtinction.

4.4 DefinitionsofArcvoltage,Re-strikingvoltageandRecoveryvoltage.
4.5 ClassificationofcircuitBreakers.

4.6 OilcircuitBreakeranditsclassification.

4.7 Plainbrakeoilcircuitbreaker.

4.8 Arccontroloilcircuitbreaker.

4.9 Lowoilcircuitbreaker.

4.10 Maintenanceofoilcircuitbreaker.

4.11 Air-Blastcircuitbreakeranditsclassification.
4.12 SulphurHexa-fluoride(SF6)circuitbreaker.
4.13 Vacuumcircuitbreakers.

4.14 Switchgearcomponent.

4.15 Problemsofcircuitinterruption.

4.16 Resistanceswitching.

4.17 CircuitBreakerRating.

5. PROTECTIVERELAYS

5.1 DefinitionofProtectiveRelay.
5.2 Fundamentalrequirementofprotectiverelay.
5.3 BasicRelayoperation
5.3.1. ElectromagneticAttractiontype
5.3.2. Inductiontype
5.4 Definitionoffollowingimportantterms
5.5 Definitionoffollowingimportantterms.

5.5.1. Pick-upcurrent.
5.5.2. Currentsetting.
5.5.3. PlugsettingMultiplier.

5.5.4. TimesettingMultiplier.
5.6 Classificationoffunctionalrelays
5.7 Inductiontypeovercurrentrelay(Non-directional)
5.8 Inductiontypedirectionalpowerrelay.
5.9 Inductiontypedirectionalovercurrentrelay.

Page70f28



VISemElectrical

6.

7.

8.

5.10 Differentialrelay

5.10.1. Currentdifferentialrelay
5.10.2. Voltagebalancedifferentialrelay.

5.11 Typesofprotection

PROTECTIONOFELECTRICALPOWEREQUIPMENTANDLINES

6.1
6.2
6.3
6.4
6.5
6.6
6.7
6.8
6.9

Protectionofalternator.

Differentialprotectionofalternators.
Balancedearthfaultprotection.
Protectionsystemsfortransformer.

Buchholzrelay.

ProtectionofBusbar.

ProtectionofTransmissionline.
Differentpilotwireprotection(Merz-pricevoltageBalancesystem)
Explainprotectionoffeederbyovercurrentandearthfaultrelay.

PROTECTIONAGAINSTOVERVOLTAGEANDLIGHTING

7.1. Voltagesurgeandcausesofovervoltage.

7.2. Internalcauseofovervoltage.

7.3. Externalcauseofovervoltage(lighting)

7.4, Mechanismoflightningdischarge.

7.5. Typesoflightningstrokes.

7.6. Harmfuleffectof lightning.

7.7. Lightningarrestersand TypeoflightningArresters.
7.7.1. Rod-gaplightningarrester.
7.7.2. Horn-gaparrester.

7.7.3. Valvetypearrester.

7.8. SurgeAbsorber

STATICRELAY:
8.1 Advantageofstaticrelay.
8.2 Instantaneousovercurrentrelay.
8.3 PrincipleofIDMTrelay.

Svllabuscoverageuptolnternalassessment

Chapters:1,2,3and4.

LearningResources:

SI.No | TitleoftheBook Nameof Authors Publisher
1 Principleofpowersystem V. K.Mehta S Chand
2. ProtectionandSwwitchgear Bhavesh BhaljaR.P OXFORD
MaheshwariNileshG.
Chothani
2 Electricalpower Soni,GuptaandBhatnagar DhanpatRai&Sons
3 Powersystemprotection&switchgear BhuvaneshOza TMH
4 ElectricalPower S.L.Uppal KhannaPublisher
5 ProtectionandSwitchgear Raghuraman SCITECH

Page80f28




EssentialFeaturesofswitchgear:
WhatisSwitchgear?

Theapparatususedforswitching,controllingandprotectingtheelectricalcircuitsandequipmentisknown as
switchgear.

Theessentialfeaturesofswitchgearare:

1. CompleteReliability

2. Absolutelycertaindiscrimination

3. Quickoperation

4. Provisionformanualcontrol

5. Provisionforinstrument

1. Completereliability
Withthecontinuedtrendofinterconnectionandtheincreasingcapacityofgeneratingstations,theneed for reliable
switchgear has become of paramount importance.

Thisisnot surprisingbecauseitisaddedtothepowersystemtoimprovereliability. Whenafaultoccurson any part

of the power system, they must operate to isolate the faulty section from the remainder circuit.

2. Absolutelycertaindiscrimination

Whenafaultoccursonanysectionofthepowersystem,the switchgearmustbeabletodiscriminate between the faulty
section and the healthy section.

It should isolate the faulty section from the system without affecting the healthy section. This will
ensurecontinuity of supply.

3. Quickoperation

Whenafaultoccursonanypartofthepowersystem,the switchgearmustoperatequicklysothatno damage is done to
generators, transformers and other equipment by the short-circuit currents.
Ifthefaultisnotclearedquickly,itislikelytospreadintohealthyparts,thusendangeringcomplete shutdown of the syst
4. Provisionformanualcontrol

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.

5. Provisionforinstrument

There must be provision for instrument which may be required. These may be in the form of ammeter or
voltmeter on the unit itself or the necessary current and voltage transformer for connecting to the main
switchboard or instrument panel.

SwitchgearEquipment:
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.

Readswitchgearinthesubstationformoredetails. 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.




Whenthecontactsofaswitchareopened,anarcisproducedintheairbetweenthecontacts. Thisis particularly true for

circuits of high voltage and large current capacity.

Theswitchesmaybeclassifiedinto

airswitches

oilswitches

Thecontactsoftheformerareopenedintheair andthatofthelatterisopenedinoil.
Air-breakswitch — It isan air switch and isdesigned to open acircuit under load. In order to quenchthe arc
that occurs on opening such a switch, special arcing horns are provided. Read different types of air break
switch.
Isolator ordisconnectingswitch —Itisessentially aknife switch andisdesignedto open acircuitunder no
load.
Oil switches — As the name implies, the contacts of such switches are opened under oil, usually
transformer oil.

N

Airbreakswitch

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.

Fuse

3. CircuitBreakers

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 CircuitBreakers:Vacuum Circuit Breaker,SF6 CircuitBreaker,OilCircuitBreaker,Air Blast
Circuit Breaker

ReadCircuitBreaker—OperatingPrincipleand ArcingPhenomenon.

4. ProtectiveRelays

Protectiverelaysarevitalpartsoftheswitchgearequipment.

A relay is a device which detects the fault and supplies information to the breaker for circuit interruption.
Thefunction of a protective relay is toinitiate a signalto circuit breakers for disconnecting the elements of
the power system when it develops a fault.

Whena fault occursthe relaycontactsareclosedandthetripcoilofthe circuitbreakerisenergizedtoopen the
contacts of the circuit breaker.

5. InstrumentTransformers

Instrument transformers are used in switchgear installations for the measurement of electrical
parametersfor protection and metering purposes.
Aninstrumenttransformerinwhichthesecondarycurrentissubstantiallyproportionaltotheprimary 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.

Bus-BarArrangement:
Definition: An electrical bus bar is defined as a conductor or a group of conductor used for collecting

electric power from the incoming feeders and distributes them to the outgoing feeders. In other words,it is a
type of electrical junction in which all the incoming and outgoing electrical current meets. Thus, the
electrical bus bar collects the electric power at one location.
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DrawbacksofSingleBus-BarsArrangement

e Theonlydisadvantageofsuchtypeofarrangementisthatthecompletesupplyisdisturbedonthe
occurrence of the fault.

o Thearrangementprovidesthelessflexibilityandhenceusedinthesmallsubstationwhere
continuity of supply is not essential.

Singlebus-barsystemwithsectionalisation:
In this type of busbar arrangement, the circuit breaker and isolating switches are used. The isolator

disconnects the faulty section of the busbar, hence protects the system from complete shutdown. This type
of arrangement uses one addition circuit breaker which does not much increase the cost of the system.

Asshowninfig16.3

¢
Isolator }
S S

(CB] [CB] [CB] [CE]
Fig. 16.3

AdvantageofsingleBus-barArrangementwithBusSectionalization

v" Thefollowingaretheadvantagesofsectionalizedbushbar.

v' Thefaultysectionisremovedwithoutaffectingthecontinuityofthesupply.

v Themaintenanceoftheindividualsectioncanbedonewithoutdisturbingthesystemsupply.
v Thesystemhasacurrentlimitingreactorwhichdecreasestheoccurrenceofthefault.




DisadvantagesofSingleBus-BarArrangementwithSectionalization

v" Thesystemusestheadditionalcircuitbreakerandisolatorwhichincreasesthecostofthe system.

Duplicate bus-bar system: In large stations, it is important that breakdowns and maintenance should
interfere as little as possible with continuity of supply. In order to achieve this objective, duplicate Bus Bar
Arrangement in Power Station is used in important stations. Such a system consists of two bus-bars, a
“mainbus-bar” and a “spare”bus-bar (seeFig. 16.4).Eachgeneratorandfeeder maybe connectedtoeither bus-
bar with the help of bus coupler which consists of a circuit breaker and isolators.

IntheschemeshownMaininFig.16.4,serviceisinterruptedduringswitchoverfromonebustoanother.

Main
Spare I

[
o

_
Bus coupler

Advantages

v 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.

v Thetestingoffeedercircuitbreakerscanbedonebyputtingthemonsparebus-bar,thuskeepingthe main
bus-bar undisturbed.

v Ifafaultoccursonthebus-bar,thecontinuityofsupplytothecircuitcanbemaintainedbytransferring it to the
other Bus Bar Arrangement in Power Station.

SwitchgearAccommodation:

The main components of switchgear are circuit breakers, switches, bus-bars, instruments and instrument
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) Outdoortype
(i) Indoortype.

(i) Outdoor type: For voltages beyond 66 kV, switchgear equipment is installed outdoor. It is because for
suchvoltages,theclearancesbetweenconductorsandthespacerequiredforswitches,circuitbreakers,




transformers and others equipment become so great that it is not economical to install all such equipment
indoor.

Transformer
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Fig. 16.5

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 cleareance associated
with high voltages.

(i) 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
localization and restriction of any fault to its place of origin.

ShortCircuit:

Whenever a fault occurs on a network suchthat a large currentflowsis one or more phases, a short circuit is
said to have occurred.

Faultsinapowersystem:

When two or more conductors that normally operate with a potential difference come in contact with each
other, fault may be caused by sudden failure of a piece of equipment or short circuit to overhead line or by
insulation failure resulting from lighting surge.

There are mainly two types of faults in the electrical power system. Those are symmetrical and
unsymmetrical faults.

1. Symmetricalfaults

v" These are very severe faults and occur infrequently in the power systems. These are also called as
balancedfaultsandare oftwotypesnamelylinetolinetoline toground(L-L-L-G)andlinetolineto line (L-L-
L).

v' Only 2-5 percent of system faults are symmetrical faults. If these faults occur, system remains
balanced but results in severe damage to the electrical power system equipments.

2. Unsymmetricalfaults

v These are very common and less severe than symmetrical faults. There are mainly three types
namely line to ground (L-G), line to line (L-L) and double line to ground (LL-G) faults.

v" Linetogroundfault(L-G)ismostcommonfaultand65-70percentoffaultsareofthistype.

v" It causes the conductor to make contact with earth or ground. 15 to 20 percent of faults are double
line to ground and causes the two conductors to make contact with ground.

v" Line to line faults occur when two conductors make contact with each other mainly while swinging
of lines due to winds and 5- 10 percent of the faults are of this type.




UNIT-2
FEAULTCALCULATION

Symmetricalfaultson3-phasesystem:

That fault on the power system which gives rise to symmetrical fault currents (i.e. equal fault currents inthe
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 Ig, lyand Iswill 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.
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Thefollowingpointsmaybeparticularlynoted:

1. The symmetrical fault rarely occurs in practice as majority of the faults are of unsymmetrical nature.
However, symmetricalfaultcalculationsare beingdiscussedinthischapter toenable thereadertounder- stand
the problems that short circuit conditions present to the power system.

2. Thesymmetricalfaultisthemostsevereandimposesmoreheavydutyonthecircuitbreaker.

LimitationofFaultCurrent:

Whena short circuit occursat anypoint in asystem, the short-circuit current is limited bythe impedance of
the system up to 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 bythe impedance ofgenerator and transformer and the impedance ofthe line between the generator
and the point of Symmetrical Faults on 3 Phase System.
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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%.

PercentageReactance:

The Percentage Reactance in Power System of generators, transformers, reactors etc. isusually expressed in
percentage reactance to permit rapid short circuit calculations.

Thepercentagereactanceofacircuitisdefinedasunder:
Itisthepercentageofthetotalphase-voltagedroppedinthecircuitwhenfull-loadcurrentisflowing.

%% 110 O (i)
\%

Wherel=fullloadcurrent
V= phase voltage
X=reactanceinohmsperphase

Alternatively,percentagereactance(%X)canalsobeexpressedintermsofk\VVAandkVasunder

QDX ZLYAK o (ii)

T 10(kV)A2
WhereXisthereactanceinohms.
IfXistheonlyreactanceelementinthecircuit,thenshort-circuitcurrentisgivenby;

\
Isc=_
Y

:|(M) [puttingthevalueofXfromexp.(i)]
%X

I.e.shortcircuitcurrentisobtainedbymultiplyingthefull-loadcurrentby100/%X.

PercentageReactanceandBaseKVA:

Itisclearfromexp.(ii)abovethatpercentagereactanceofequipmentdependsuponitsk\VV Arating. Generally, the vario
equipments used in the power system have different K\VA ratings.

Therefore, it is necessary to find the Percentage Reactance in Power System of all the elements on a
commonkVArating. ThiscommonkVArating  isknownas basekVA. Thevalue ofthisbasekVAisquite
unimportant and may be:




« equaltothatofthelargestplant

« equaltothetotalplantcapacity

« anyarbitraryvalue
Theconversioncanbeeffectedbyusingthefollowingrelation:

RatedkVA

ShortCircuitkVA:

Althoughthe potential atthepoint offault is zero, itis a normalpractice to expressthe short-circuit current in
terms of Short Circuit k\VA based on the normal system voltage at the point of fault.

Theproductofnormalsystemvoltageandshort-circuitcurrentatthepointoffaultexpressedin kVA is
known as Short Circuit kVA.

Let
V=normalphasevoltageinvolts
I=full-loadcurrentinamperesatbasekVA

%X=percentagereactanceofthesystemonbasekVV Auptothefaultpoint Short-

N 100
circuit current, Isc=1 ()
%X
Short-circuitk\VVAfor3-phasecircuit
:3VIsc
1000
_3VI 100
=V 100
1000 96X
=BasekVAx100

%X
i.e.ShortCircuitk\VVAisobtainedbymultiplyingthebasekV Aby100/%X.

Reactorcontrolofshortcircuitcurrents:

v Short circuit current is reduced by an increase in the reactance of the system. Short circuit current
depends on the generating capacity, voltage at the fault point and the total reactance between the
generating point and the fault location.

v' Breaking capacity of the circuit breaker depends on the magnitude of the fault current. If the fault
current is beyond the designed limit of the breaking capacity of the breaker, the fault cannot be
extinguished.

v' Therefore in large interconnected power system large number of generators and motors feed thefault
on occurrence of the fault.
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v Therefore at times the magnitude of the short circuit current exceeds the breaking capacity of the
breaker.

v Therefore it is necessary to limit the fault current by some means. By including a reactor or few
reactors at some strategic locations, short circuit currents at different points can be reduced.

Advantages:

v" Protective reactors are used to reduce the flow of short circuit current at the fault point so as to
protect the apparatus from excessive mechanical stresses and from overheating and thus protect the
system as a whole

v Protectivesystemsareusedtoreducethevoltagedisturbancescausedbytheshortcircuits

v' Theyalsolocalizethefaultbylimitingthecurrentthatflowintothefault fromother healthyfeeders or parts
of the system thereby avoiding the fault by spreading

v' Ithelpstoreducethedutyimposedontheswitchingequipmentduringfaultconditions.

Disadvantages:

v Total percentage reactance ofthe system increases thereby causing increase in reactive voltage drop
and decrease in power factor due to increased angle of lag. Thus regulation of the system becomes
poor.

Locationofreactors
ShortcircuitcurrentlimitingLocationofReactorsinPowerSystemmaybeconenected

1. inserieswitheachgenerator
2. inserieswitheachfeederand
3. inbus-bars.

1. GeneratorReactors:

When the reactors are connected in series with each generator, they are known as generator reactors (see
Fig.17.4).Inthiscase,thereactor maybeconsideredasapartofleakeagereactance ofthegenerator;hence its effect
Is to protect the generator in the case of any short-circuit beyond the reactors.

Gy G, Gg Generators

Reactors
_Bus-bar

Feeders
Fig. 17.4
Disadvantages

v' There is a constant voltage drop and power loss in the Location of Reactors in Power System even
during normal operation.

v" Ifabus-baror feeder faultoccurs closetothebus-bar, thevoltageatthebus-barwill bereducedtoa low
value, thereby causing the generators to fall out of step.

v' Ifafaultoccursonanyfeeder,thecontinuityofsupplytootherislikelytobeaffected.
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2. FeederReactors:

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.

Gy '%2 Gg Generators
o _Bus-bar
Reactors
Feeders
Fig. 17.5

Disadvantages

v" Thereisaconstantpowerlossandvoltagedropinthereactorsevenduringnormaloperas

v' Ifashort-circuitoccursatthebus-bars,noprotectionisprovidedtothegenerators.

v" Ifthenumber ofgenerators isincreased, the size of feeder reactors will haveto be increasedto keep the
short-circuit currents within the ratings of the feeder circuit breakers.

3. Bus-barreactors:

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) Ringsystem:

In this system, bus-bar is divided into sections and these sections are connected through reactors as shown
inFig.17.6. Generally, one feederisfedfromone 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
result in low power loss and voltage drop in the reactors.

Gy Q Generators

A Bus-bar

Reactor

Feedurs

Fig. 17.6
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(i) Tie-Barsystem:

Fig.17.7showsthetie-barsystem.Comparingtheringsystemwithtie-barsystem,itisclearthatinthetie- bar
system,thereare effectivelyTobartwo reactorsin seriesbetween sections so thatLocation ofReactors 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
requiringchangesintheexistingreactors.However,thissystemhasthedisadvantagethatitrequiresan ~ additional
bus-bar i.e. the tie-bar.

(\, Gy o

Bus-bar -
Reactors
Tie-bar J £
Feeders | ¥ 4

Fig. 17.7

StepsforSymmetricalFaultCalculations:

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:

v Draw a single line diagram of the complete network indicating the rating, voltage and perecentage
reactance of each element of the network.

v Choose a numerically convenient value of base kVA and convert all percentage reactances to this
base value.

v" Corresponding to the single line diagram of the network, draw the reactance diagram showeing one

phase of the system and the neutral. Indicate the % reactance on the base kVA in the reactance

diagram. The transformer in the system should be represented by a reactance in series.

Findthetotal%reactanceofthenetworkuptothepointoffault. Letitbe X%.

Find the full-load current corresponding to the selected base kVA and the normal system voltage at

the fault point. Let it be I.

v" Thenvariousshort-circuitcalculationsare:

AN

ok 100
Short-circuit current, Iy, = I'X BX-

< & s _ L 100

Short-circuit kVA = Base kVA X 0%




UNIT-3

FUSES

Advantages

v' ltisthecheapestformofprotectionavailable.

V' Itrequiresnomaintenance.

V' Itsoperationisinherentlycompletelyautomaticunlikeacircuitbreakerwhichrequiresanelaborate
equipment for automatic action.

v' Itcanbreakheavyshort-circuitcurrentswithoutnoiseorsmoke.

v Thesmallersizesoffuseelementimposeacurrentlimitingeffectundershort-circuitconditions.

v' Theinversetime-currentcharacteristicofaFusesDefinitionmakesitsuitableforovercurrent
protection.

v Theminimumtimeofoperationcanbemademuchshorterthanwiththecircuitbreakers.

Disadvantages

v
v

v

Considerabletimeislostinrewiringorreplacingafuseafteroperation.
Onheavyshort-circuits,discriminationbetweenfusesinseriescannotbeobtainedunlessthereis
sufficient difference in the sizes of the Fuses Definition concerned.
Thecurrent-timecharacteristicofafusecannotalwaysbeco-relatedwiththatoftheprotected
apparatus.

CharacteristicsofFuseElement:

The function of a fuse is to carry the normal current without overheating but when the current exceeds its
normalvalue;itrapidlyheatsupto meltingpointanddisconnects thecircuitprotectedbyit.Inorderthatit may
perform this function satisfactorily, the fuse element should have the following desirable characteristics:

v
v

Lowmeltingpointe.g.,tin,lead.
Highconductivitye.g.,silver,copper.

v' freefromdeteriorationduetooxidatione.g.,silver
v" Lowcoste.g.,lead,tin,copper.

FuseElementMaterials:

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

currentsupto10A tinorallalloyofleadandtin(lead37%,tin63%)isusedfor makingthefuseelement. For larger

currents, copper or silver is employed. It is a usual practice to tin the copper to protect it from
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oxidation.Zinc(instripformonly)isgoodifaFusesDefinitionwithconsiderabletime-lagisrequiredi.e., one which
does not melt very quickly with a small overload.

Thepresenttrendistousesilverdespiteitshighcostduetothefollowingreasons:

v' Itiscomparativelyfreefromoxidation.

V' Itdoesnotdeterioratewhenusedindryair.

v' Thecoefficientofexpansionofsilverissosmallthatnocriticalfatigueoccurs. Therefore,thefuse element
can carry the rated current continuously for a long time.

v Theconductivityofsilverisveryhigh. Therefore,foragivenratingoffuseelement.

v Due to comparatively low specific heat, silver fusible elements can be raised from normal
temperaturetovaporizationquickerthanotherfusibleelements.Consequently,operationbecomes very
much faster at higher

v" Silver vaporizes at a temperature much lower than the one at which its vapour will readily
Therefore,whenanarcisformedthroughthevaporizedportionoftheelement,thearcpathhashigh
resistance. As a result, short-circuit current is quickly interrupted.

ImportantTermsinFuses
Thefollowingtermsaremuchusedintheanalysisoffuses:

Current rating of fuse element: It is the current which the fuse element can normally carry without
overheatingorltdependsuponthetemperatureriseofthecontactsofthefuseholder,fuse materialandthe
surroundings of the Fuses Definition.

Fusingcurrent:Itistheminimumcurrentatwhichthefuseelementmeltsandthusdisconnectsthecircuit protected by
Obviously, its value will be more than the current rating of the fuse element.

Foraroundwire,theapproximaterelationshipbetweenfusingcurrentlanddiameterdofthewireis
|:kd3/2

Thefusingcurrentdependsuponthevariousfactorssuchas:

1. Materialoffuseelement

2. Length —thesmaller the length, the greater the current because a shortfuse can easilyconduct away all
the heat

3. Diameter
4. Sizeandlocationofterminals
5. Previoushistory

6. Typeofenclosureused.
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Fusingfactor:

Itistheratioofminimumfusingcurrenttothecurrentratingofthefuseelementi.e.

Minimum fusing current

Fusing factor = . =
Current rating of fuse

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-eneclosed 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.

Current z—Asymmetricai
‘1“ T e current
(4 N\
7 < \
7 \
/ \
/ \
Cut off — a e Current zero
current : 3 (Arc finishes)
I \
] \
! o 1
| \ / .
= : \\ J ——> Time
au i ~
occurs I
Pre-arcing —/ s Arcing time
time s
‘—‘C: Total operating
time
Fig, 20.2
ProspectiveCurrent:

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
thisfirstloopisreached. The ~ R.M.S.valueofthefirstloopoffault  currentisknownasprospective  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-offcurrent:

Itisthemaximumvalueoffaultcurrentactuallyreachedbeforethefusemelts.
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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

v’ currentratingoffuse
v" valueofprospectivecurrent
v asymmetryofshort-circuitcurrent

Pre-arcingtime:
Itisthetimebetweenthecommencementoffaultandtheinstantwhencutoffoccurs.

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

Arcingtime:

Thisisthetimebetweentheendofpre-arcingtimeandtheinstantwhen thearcisextinguished.
Totaloperatingtime:

Itisthesumofpre-arcingandarcingtimes.

Breakingcapacity:

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.

TvypesofFuses
TypesofFusesmaybeclassifiedinto:

1. Lowvoltagesfuses
2. Highvoltagefuses

LowVoltageFuses:
Lowvoltagefusescanbesubdividedintotwoclassesviz.,

1. Semi-enclosedrewireablefuse
2. Highrupturingcapacity(H.R.C.)cartridgefuse.

1. Semi-enclosedRewireablefuse:

v Rewireablefuse(alsoknownaskit-kattype)isusedwherelowvaluesoffaultcurrentaretobe interrupted. It
consists of (i) a base and (ii) a fuse carrier.
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v" The base is of porcelain and carries the fixed contacts to which the incoming and outgoing phase
wires are connected.

v" The fuse carrier is also of porcelain and holds the Types of Fuses element (tinned copper wire)
between its terminals. The fuse carrier can be inserted in Of taken out of the base when desired.

v" When a fault occurs, the fuse element is blown out and the circuit is interrupted. The fuse carrier is
taken out and the blown out fuse element is replaced by the new one.

v' The fuse carrier is then reeinserted in the base to restore the supply. This type of fuse has two
advantages. Firstly, the detacheable fuse carrier permits the replacement of Types of Fuses element
without any danger of coming in contact with live parts. Secondly, the cost of replacement is
negligible.

Disadvantages

v Thereisapossibilityofrenewalbythefusewireofwrongsizeorbyimpropermaterial.

v Thistypeoffusehasalow-breakingcapacityandhencecannotbeusedincircuitsofhighfault level.

v Thefuseelementissubjectedtodeteriorationdue,tooxidationthroughthecontinuousheatingupof the
element.

v TheprotectivecapacityofsuchaTypesofFusesisuncertainasitisaffectedbytheambient conditions.

v' Accuratecalibrationofthefusewireisnotpossiblebecausefusingcurrentverymuchdespends upon the
length of the fuse element.

Semi-enclosed rewireable fusesaremade up to 500 A rated current, but their breaking capacity islow e.g.,
on400V service,thebreakingcapacity isabout 4000A.Therefore,the use ofthisTypesofFusesislimited to
domestic and lighting loads.

2. High-Rupturingcapacity(H.R.C.)cartridgefuse:

v The primary objection of low and uncertain breaking capacity of semi-enclosed rewireable fuses is
overcome in H.R.C. cartridge fuse.
Fuse element Quter element

Filling powder

Fuse link
contact

end piate

Carltridge
Fig. 20.3
v" Fig. 20.3 shows the essential parts of a typical H.R.C. cartridge fuse. It consists of a heat
resistingceramic body having metal end-caps to which is welded silver current-carrying element.
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v The space within the body surrounding the element is completely packed with a filling powder. The
filling material may be chalk, plaster of paris, quartz or marble dust and acts as an arc quenchingand
cooling medium.

v Undernormalloadconditions,thefuseelementisatatemperaturebelowitsmeltingpoint.

v Therefore, it carries the normal current without overheating. When a fault occurs, the current
increases and the fuse element melt before the fault current reaches its first peak.

v" The heat produced in the process vaporizes the melted silver element. The chemicalreaction between
the silver vapour and the filling powder results in the formation of a high resistance substance which
helps in quenching the arc.

Advantages

e Theyarecapableofclearinghighas wellaslo
e Theydonotdeterioratewithage.
e Theyhavehighspeedofoperation.
e Theyprovidereliablediscrimination.
e Theyrequirenomaintenance.
o Theyarecheaperthanothercircuitinterrupting devicesofequalbreakingcapacity.
e Theypermitconsistentperformance.
Disadvantages
o Theyhavetobereplacedaftereachoperation.
o Heatproducedbythearcmayaffecttheassociatedswitches.

3. H.R.C.fusewithtrippingdevice:

v" Sometime, H.R.C. cartridge fuse is provided with a tripping device. When the fuse blows out under
fault conditions, the tripping device causes the circuit breaker to operate.

v’ Fig.20.4showstheessentialpartsofaH.R.C. fusewithin trippingdevice. Thebodyofthe fuseisof ceramic
material with a metallic cap rigidly fixed at each end.

v These are connected by a number of silver fuse elements. At one end is a plunger which under fault
conditions hits the tripping mechanism of the circuit breaker and causes it to operate.

v The plunger is electrically connected through a fusible link, chemical charge and a tungsten wire to
the other end of the cap as shown.

|—}‘,/ Plunger
!

1] T Chemicat
charge

Weak link

Tungsten
shunt

A

e

i S = Silver fuse
4 14 ok elements

Fig. 20.4
v When a fault occurs, the silver fuse elements are the first to be blown out and then current is
transferred to the tungsten wire.
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v" The weak link in series with the tungsten wire gets fused and causes the chemical charge to be
detonated. This forces the plunger outward to operate the circuit breaker.
v Thetraveloftheplungerissosetthatitis notejectedfromthefusebodyunderfaultconditions.

Advantages:

v In case of a single phase fault on a three-phase system, the plunger operatesthe tripping mechanism
of circuit breaker to open all the three phases and thus prevents “single phasing”.

v The effects of full short circuit Gwent need not be considered in the choice of circuit breaker. This
permits the use of a relatively inexpensive circuit breaker.

v' The fuse-tripped circuit breaker is generally capable of dealing withfairly small fault curerents itself.
This avoids the necessity for replacing the fuse except after highest currents for which it is intended.

Low voltage H.R.C. fuses may be built with a breaking capacity of 16,000 A to 30,000 A at 440V. They are
extensively used on low-voltage distribution system against over-load and short-circuit conditions.

HighVoltageFuses:

The low-voltage fuses discussed so far have low normal current rating and breaking capacity. Therefore,
they cannot be successfully used on modern high voltage circuits. Intensive research by the manufacturers
and supply engineers has led to the development ofhigh voltage fuses. Some ofthe high voltage fuses are :

1. Cartridgetype:

v This is similar in general construction to the low voltage cartridge type except that special design
features are incorporated.

v" Some designs employ fuse elements wound in the form of a helix so as to avoid corona effects at
higher voltages. On some designs, there are two fuse elements in parallel; one of low resistance
(silver wire) and the other of high resistance (tungsten wire).

v Under normal load conditions, the low resistance element carries the normal current. When a fault
occurs, the low-resistance element is blown out and the high resistance element reduces the short-
circuit current and finally breaks the circuit.

{ £

£ £
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v" High voltagecartridgefuses areused upto 33kV withbreakingcaspacity of about8700 Aatthat voltage.
Rating of the order of 200 A at 6.6 kV and 11 kV and 50 A at 33 kV are also available.

2. Liquidtype:

v TheseTypesofFusesarefilledwithcarbontetrachlorideandhavethewidestrangeofapplicationto
H.V. systems. They may be used for circuits up to about 100 A rated current on systems up to 132
kV and may have breaking capacities of the order of 6100 A.

Vent (ap

Fuse Link
(ork

Liquid Detector

Flexible Connection

Glass Tube

v" Figureshowstheessentialpartsoftheliquidfuse.

v" Itconsistsofa glass tubefilledwith carbontetrachloridesolution and sealedatboth endswith brass caps.

v Thefusewireissealedatoneendofthetubeandtheotherendofthewireisheldbyastrong phosphor bronze
spiral spring fixed at the other end of the glass tube
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v . When the current exceeds the prescribed limit, the fusewire is blownout. As thefuse
melts,thespring retracts part of it through a baffle (or liquid director) and draws it well into the
liquid.

v The small quantity ofgas generated atthepoint offusion forces somepart of liquid intothe passage
through baffle and there it effectively extinguishes the arc.

3. Metalcladfuses:

Metal clad oil-immersed fuses have been developed with the object of providing a substitute for the oil
circuit breaker. Such Types of Fuses can be used for very high voltage circuits and operate most
satisfactorily under short-circuit conditions approaching their rated capacity.

CurrentCarryingCapacityofFuseElement:

The current carrying capacity of a fuse element mainly depends on the metal used and the cross-sectional
area but is affected also by the length, the state of surface and the surroundings of the fuse. When the fuse
element attains steady temperature,

Heat produced per sec = Heal lost per second by convection, radiation
and conduction
2 ’ ; :
I'R = Constant x Effective surface area

/
? (o)
a
d = diameter of fuse element
[ = length of fuse element

constant X d X [

I

2 pl
_(n/—4)d—f = constant X d X [
I2 = constantxd3
PP ood (0

Expression(i)isknownasordinaryfuselaw.

DifferencebetweenaFuseandCircuitBreaker:

S. No. Particular “Fuse ? Circuit breaker
I Function It performs both detection and It performs interruption function
interruption functions, only. The detection of fault is
made by relay system,
2. Operation Inherently completely automatic. Requires elaborate equipment
' (i.e. relays) for automatic action.
. Breaking capacity Small Very large
4. Operating time Very small (0-002 sec or so) Comparatively large (0-1 to 0-2
sec) ’
< ¥ Replacement Requires replacement after every No replacement after operation,
operation.
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UNIT-
ACIRCUITBREAKER

Definition: S
A circuit breaker is a switching device that interrupts the abnormal or fault current. It is a mechanical
device that disturbs the flow of high magnitude (fault) current and in additions performs the function of a

switch. The circuit breaker is mainly designed for closing or opening of an electrical circuit, thus protects
the electrical system from damage.

WorkingPrincipleofCircuitBreaker:

v" Circuit breaker essentially consists of fixed and moving contacts. These contacts are touching each
other and carrying the current under normal conditions when the circuit is closed.

v" Whenthe circuit breaker isclosed,thecurrent carryingcontacts,called theelectrodes, engaged each
other under the pressure of a spring.

v During the normal operating condition, the arms of the circuit breaker can be opened or closed for a
switching and maintenance of the system. To open the circuit breaker, only a pressure is required to
be applied to a trigger.

Air

cushion

\ Moving

contacts

Dielectric

v" Whenevera faultoccursonanypartofthesystem,thetripcoilofthe breakergetsenergizedandthe moving
contacts are getting apart from each other by some mechanism, thus opening the circuit.

ArcPhenomenon:

v Whenashort-circuitoccurs,aheavycurrentflowsthroughthecontactsofthecircuitbreaker, before they
are opened by the protective system.

v" At the instant when the contacts begin to separate, the contact area decreases rapidly and large fault
current causes increased current density and hence rise in temperature.

v" The heat produced in the medium between contacts (usually the medium is oil or air) is sufficient to
ionize the air or vaporized and ionize the oil.

v" Theionizedairorvaporactsasconducetorandanarcisstruckbetweenthecontacts. Thep.d. between the
contacts is quite small and is just sufficient to maintain the arc.

v The arc provides a low resistance path and consequently the current in the circuit remains
uninterrupted so long as the arc persists.
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v" Duringthe arcingperiod,the currentflowingbetweenthecontacts dependsuponthe arcresisetance. The
greater the arc resistance, the smaller the current that flows between the contacts.

Thearcresistancedependsuponthefollowingfactors:

Degreeofionization—The arcresistance increaseswiththedecreaseinthenumberofionized particles between the
contacts.

Lengthofthearc—Thearcresistanceincreaseswiththelengthofthearci.e.,separationofcontacts. Cross-
section of arc — The arc resistance increases with the decrease in area of X-section of the arc.
Principles of Arc Extinction:

Beforediscussingthemethodsofarcextinction,itisnecessarytoexaminethefactorsresponsibleforthe
maintenanceofarcbetweenthecontacts. Theseare:

1. p.d.betweenthecontacts
2. ionized particles between

contactsTaking these in turn,

1. When the contacts have a small separation, the p.d. between them is sufficient to maintain the arc.
One way to extinguish the arc is to separate the contacts to such a distance that p.d. becomes
inadequate to maintain the arc. However, this method is impracticable in high voltage system where
a separation of many metres may be required.

2. The ionized particles between the contacts tend to maintain the arc. If the arc path is deionized, the
arcextinction will be facilitated. This maybe achievedby cooling the arcor bybodilyremoving the
ionized particles from the space between the contacts.

MethodsofArcExtinction:
TherearetwomethodsofextinguishingthearcinCircuitBreakersDefinitionvia

1. Highresistancemethod.
2. Lowresistanceorcurrentzeromethod

1. Highresistancemethod:

Inthismethod,arcresistanceis madeto increasewithtime sothat currentisreduced to avalueinsufficient to
maintain the arc. Consequently, the current is intererupted or the arc is extinguished. The principal
disadvantage ofthis method is that enormous energy is dissipated in the arc. Therefore, it is employed only
in D.C. circuit breakers and low-capacity a.c. Circuit Breakers Definition.

Theresistanceofthearcmaybeincreasedby:
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Lengtheningthearc:

The resistance of the arc is directly proportional to its length. The length of the arc can be increased by
increasing the gap between contacts.

Coolingthearc:

Cooling helps in the deionization of the medium between the contacts. This increases the arc resistance.
Efficient cooling may be obtained by a gas blast directed along the arc.

ReducingX-sectionofthearc:

Ifthe area of X-section ofthe arc is reduced,thevoltage necessaryto maintain the arc is increased. In other
words, the resistance of the arc path is The cross-section of the arc can be reduced by letting the arc pass
through a narrow opening or by having smaller area of contacts.

Splittingtheare:

The resistance of the arc can be increased by splitting the arc into a number of smaller arcs in series. Each
one of these arcs experiences the effect of lengthen*ing and cooling. The arc may be split by introducing
some conducting plates between the

2.
v

1.
2.

LowresistanceorCurrentzeromethod:
Thismethodisemployedforarcextinctionina.c.circuitsonly.Inthismethod,arcresistanceiskept low until
current is zero where the arc extineguishes naturally and is prevented from restriking inspite of the
rising voltage across the contacts. All modern high power a.c. circuit breakers employ this method
for arc extinction.

In an a.c. system, current drops to zero after every half-cycle. At every current zero, the arc
extinguishes for a brief moment.

Now the medium between the contacts contains ions and electrons so that it has small dielectric
strength and can be easily broken down by the rising contact voltage known as restriking voltage. If
such a breakdown does occur, the arc will persist for another half-cycle.

If immediately after current zero, the dielectric strength of the medium between contacts is built up
more rapidly than the voltage across the contacts, the arc fails to restrike and the current will be
interrupted. The rapid increase of dielectric strength of the medium near current zero canbe achieved
by:

Causingtheionizedparticlesinthespacebetweencontactstorecombineintoneutralmolecules.
sweepingtheionizedparticlesawayandreplacingthembyun-ionizedparticles

LengtheningoftheGap:

The dielectric strength of the medium is proportional to the length of the gap between contacts. Therefore,
by opening the contacts rapidly, higher dielectric strength of the medium can be achieved.
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HighPressure:

If the pressure in the vicinity of the arc is increased, the density of the particles constituting the discharge
also increases. The increased density of particles causes higher rate of de-ionization and consequently the
dielectric strength of the medium between contacts is increased.

Cooling:

Natural combination of ionized particles takes place more rapidly if they are alelowed to cool. Therefore,
dielectric strength of the medium between the contacts can be increased by cooling the arc.

Blasteffect:

If the ionized particles between the contacts are swept away and replaced by uneionised particles, the
dielectric strength of the medium can be increased considerably. This may be achieved by a gas blast
directed along the discharge or by forcing oil into the contact space.

ImportantPointstobeRemember:

1. Arcvoltage:
Itisthevoltagethatappearsacrossthecontactsofthecircuitbreakerduringthearcingperiod.

2. RestrikingVoltage:

Itisthetransientvoltagethatappearsacrossthecontactsatornearcurrentzeroduringarcingperiod.

~<—Restriking
voltage
Recovery

Fault
\ voltage

curient

Fig. 19.1

3. Recoveryvoltage:

Itisthenormalfrequency(50Hz)R.M.S.voltagethatappearsacrossthecontactsofthecircuitbreaker after final
arc extinction. It is approximately equal to the system voltage.

ClassificationofcircuitBreakers

AirBlastCircuitBreakers
OilCircuitBreakers
Sulfurhexafluoride(SF6)CircuitBreakers
VacuumCircuitBreakers

Hwnd e
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AirBlastCircuitBreakers

Thesecond ‘air’based circuit breakersare air blastcircuit 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.

Therearethreetypesofair blastcircuitbreakersbasedonthedirection oftheair-blastin relationtothe arc. They are:

1. AxialBlastType
2. CrossBlastType
3. RadialBlastType

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.

Arcing chamber

Piston Arc splitters

Moving
contact
Moving
Normal air contact
clearance for

working voltage

Closing Arc

spring

Fixed
contact

Opening

=
-
-

Air flow

\

Air Reservoir

Series
isolator

Axial-blast Circuit Breaker Cross-blast Circuit Breaker

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

v" Riskoffireiseliminated.

v" Arcingproductsarecompletelyremovedbytheair-blast.

v" Significantly fasterincrease in dielectric strength. Hence, thecontactgap can be less, resulting
insmaller device.

v Arcingtimeisverysmallandthearcenergyisalsosmall.Suitableforfrequentoperations.

v" Air-blastisindependenttotheinterruptingcurrent.

Disadvantages

v" Arcextinguishingpropertiesofairareinferior.
v' Sensitivetovariationsinrestrictingvoltage.
v" Air-blastcompressorneedstobemaintained.
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OilCircuitBreakers

In Qil 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.

Parting
contacts

Bubble of
oil vapour

<

he 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.

Therearetwotypesofoilcircuitbreakers. Theyare:

1. BulkOilCircuitBreakers
2. LowOilCircuitBreakers

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.

1. PlainBreakOilCircuitBreakers
2. ArcControlOilCircuitBreakers

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.
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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:

1. Self-blastOilCircuitBreakers

2. Forced-blastOilCircuitBreakers
In self-blast type breakers, an insulating rigid pressure chamber is used with the contacts and the
gasesreleased during arcing are confinedto this chamber or pot. The high pressuredevelopedin the
small chamber will force the oil as gas to go through the arc and subsequently extinguishing it.

Air cushion

Oil level

Fixed
+———— contacts

__ Moving
contacts

TherearethreetypeordesignsofpressurepotsinSelf-blastOilCircuitBreakers. Theyare:

1. PlainExplosionPot
2. CrossJetExplosionPot
3. Self-compensatedExplosionPot

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

v Oilhasexcellentcoolingpropertyandthearcenergyconvertstheoilintogas.
v Actsasinsulatorbetweenlivewiresandearth.

Disadvantages

v Qilisinflammableandisafirehazard.
v Arcingproductscannotescapeandremainintheoil.

Maintenanceofoilcircuitbreaker

v After a circuit breaker has interrupted by short-circuit current, sometimes their contacts may get
burnt due to arcing. Also, thedielectric oil gets carbonizedin the area ofthe contacts, therebylosing
its dielectric strength.

v This results in the reduced breaking capacityof the breaker. Therefore, the maintenance of oil circuit
breaker is essential for checking and replacement of oil and contacts.

Sulfurhexafluoride(SFE6)CircuitBreakers

v"In Sulfur Hexafluoride circuit breakers, Sulfur Hexafluoride with chemical formula SF6, is used as
the arc extinguishing medium.

v The Sulfur hexafluoride gas is electro-negative in nature i.e. it attracts free electrons. When the
circuit contacts are opened, a highpressure Sulfur hexafluoride gas flows through the chamber as the
arc strikes.

v' FreeelectronsproducedduringthearcingarequicklyabsorbedbytheSF6gasresultinginimmobile negative
ions. As the arc loses its conducting electrons, the insulating strength of the surrounding medium is
quickly increased and the arc completely extinguishes.

v Following image shows a simplified construction of SF6 Circuit Breaker. Both the fixedand moving
contacts are placed in arc chamber, which contains Sulfur hexafluoride gas. When the contacts open,
a high pressure SF6 gas from a reservoir will flow through the chamber’s inlet.

SFg gas

Insulated rods inlet

for operating
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—————————— horn
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Advantages

v" Superiorarcextinguishingproperty.
v’ CaninterruptlargercurrentsasthedielectricstrengthofSF6gasisalmost3timesgreaterthanair.
v Noisefreeoperationandnoexhaustintoatmosphere.

v Moisturefreeoperationasthegasfilledchamberkeepsininteriordry.

v Verylowmaintenanceandrequiresminimumequipment.

Disadvantages

v" Sulfurhexafluoridegasisverycostly.

v' SF6hastobereconditionedaftereveryoperation.

v" ThishighpressureSulfurhexafluoridegaswillabsorballtheconductingfreeelectronsandasa result causes
the extinction of the arc.

VacuumCircuitBreakers

v" 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.

v" Whenthecontacts ofthecircuit breaker in vacuumare opened, anarc is formeddueto ionization of the
metal vapours of the contacts. But the arc is quickly extinguished as the vapours rapidly condense.

v 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.

r ‘{_’—— Insulating vessel —
Arc shield Arc shield
Arcing range Movable
?—n——,-{- — Bellows member
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Fixed 11\ Al
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|
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Contacts

Main arc shield 1
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Advantages

v Nofirehazards.
Compact,veryreliableandhaveverylonglife.
Nogasisgeneratedduringorafteroperation.
Noorverylittlemaintenance.
VCBcaninterruptanyfaultcurrent.
Canwithstandlightningstrikes.
Lowarcenergyisreleased.

SENENE N NN

Switchgearcomponent:

ThefollowingaresomeimportantcomponentscommontoSwitchgearComponentsinCircuitBreakers:

Bushings
Circuitbreakercontacts
Instrument transformers
Bus-barsandconductors

e

1. Bushings:

When a high voltage conductor passes through a metal sheet or frame which is at earth potential, the
necessary insulation is provided in the form of bushing.

Bushing
Cond@:
7\ ¥ [LZ FIaSh b Puncture
(f%‘( over ]
\ f R

Earthed

= | HiE flange

-, £y ] . ;’l: . »
Gas—¢ :, 32 Arc core Dielectric
bubble  1Z00RT LR ‘ ' Conductor

L e P lonised gas

Cessanserte

) (i)
Fig. 19.13

ThePrimaryfunctionof thebushingistoprevent electricalbreakdown betweentheenclosedconductorand the
surrounding earthed metal work. Fig. 19.13 (i) shows the use of bushing for a plain-break oil circuit
breaker. The high voltage conductor passes through the bushing made of some insulating material (e.g.,
porcelain, steatite). Although there are several types of bushing, they perform the same function of
insulating the conductor from earthed tank.

Fig. 19.13 (ii) illustrates these two possibilities. The bushings are so designed that flash-over takes place
before they get punctured. It is because the puncture generally renders the bushing insulation unserviceable
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and incapable of withstanding the normal voltage. On the other hand, a flash-over may result in
comparatively harmless burning of the surface of the bushing which can then continue to give adequate
service pending replacement.

2. Circuitbreakercontacts:

The circuit breaker contacts are required to carry normal as well as short-circuit current. In carrying the
normal current, it is desirable that the temperature should not rise above the specified limits and that there
should be low voltage drop at the point of contact. In carrying breaking and making short-circuit currents;
therefore, the design of contacts is of considerable importance for satisfactory operation of the circuit
breakers.

Therearethreetypesofcircuitbreakercontactsviz.
(@) Tuliptypecontacts:

Fig. 19.14 (i) shows the Tulip type contact. It consists, of moving contact which moves inside the fixed
contacts. At contact separation, the arc is generally established between the tips of the fixed contacts and
the tip of the moving contactasshown in Fig. 19.14 (ii). The advantage ofthistype ofcontactis that arcing is
confined to the regions which are not in contact in the fully engaged position.

f_6"'“‘“7 R Y
—
) Moving Arc
Fixed contact
contact _
(£ (i)
Fig. 19.14

(b) Fingerandwedgecontacts:

Fig.19.15(i) showsthe fingerandwedgetypecontact.This type ofcontactis largely used forlow-voltage oil
circuit breakers owing to the general unsuitability for use with arc control devices.

(c) Buttcontacts:

Fig. 19.15 (ii) shows the butt type contact and is formed by the springsand the moving contact. It possesses

two advantages. Firstly, spring pressure is available to assist contact separation. This is useful in single-
break oil circuit breakers and air-blast circuit breakers where relatively small “loop” forces are available to
assist in opening. Secondly, there is no grip force so that this type of contact is especially suitable for
higher short-circuit rating.
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3. Instrumenttransformers:

In a modern power system, the circuits operate at very high voltages and carry current of thousands of
amperes. The measuring instruments and protective devices cannot work satisfactorily if mounted directly
on the power lines. This difficulty is overcome by installing instrument transformers on the power lines.

Therearetwotypesofinstrumenttransformersviz.

1. Currenttransformer(C.T.)
2. Potentialtransformer(P.T.)

The primary of current transformer is connected in the power line. The secondary winding provides for the
instruments and relays a current which is a constant fraction of the current in the line.

Similarly, a potential transformer is connected with its primary in the power line. The secondary provides
for the instruments and relays a voltage which is a known fraction of the line voltage.

Load
1000/5A
L2 00r

[Sw J 5% 7
).9.9) 66000V
P sEEy 110V

ﬁJ
\? W A:-
|
-
Fig. 19.16
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Fig. 19.16 shows the use of instrument transformers. The potential transformer rated 66,000/110V provides
a voltage supply for the potential coils of voltmeter and wattmeter. The current transformer rated 1000/5 A
supplies current to the current coils of wattmeter and ammeter.

Theuseofinstrumenttransformerspermitsthefollowingadvantages:

v’ Theyisolatethemeasuringinstrumentsandrelaysfromhigh-voltagepowercircuits.
v The leads in the secondary circuits carry relatively small voltages and currents. This permits to use
wires of smaller size with minimum insulation.

4. Bus-barsandconductors:

The current carrying members in a circuit breaker consist of fixed and moving contacts and the conductors
connecting these to the points external to the breaker. If the Switchgear Components in Circuit Breakers is
of outdoor type, these connections are connected directly to the overhead lines. In case ofindoor Switchgear
Components in Circuit Breakers, the incoming conductors to the circuit breaker are connected to the bus-
bars.

Problemsofcircuitinterruption:

FollowingaretheproblemsthatoccurwhencircuitbreakerisclearingfaultorCBstartsoperating
1. RateofRiseofRestrikingvoltage(R.R.R.V.):

v Every line has some inductance L in series and some capacitance C in parallel to a generator. This

arrangement is shown below.
| L °
+

:E{ _1_ C

] L El %

A

P fault

v Whenfaultoccurs,thecurrentfromgeneratorhas2paths.OnethroughcapacitorCandother through fault.

v Thefaultalwaysoffersverylow resistancesoallthecurrentflowsthroughfault andnocurrentflow through
C.

v' Asthereisonlyoneelementinthecircuit, thefullvoltageewillbegiventoLonly.

v" Thecurrentlsclagseby90°(astheelementininductive)

v But when CB starts opening its contacts (moving contact and fixed contact are now separating) and
arc is quenched then this circuit becomes series L-C circuit.
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v" WheneverL-Cseriescircuitisform,avoltageisformwhichiscalledasRestrikingvoltage.

This Restriking voltagehelpsthe arc to produce again. l.e. after quenching of arc thisRestriking
voltageproduces arc again.

IfRateofRisingthisRestrikingvoltageismore(RRRVismore)thenarcformsagainandagain.

2. CurrentChopping

v

v

v

Incircuitbreaker,the ACcurrentisinterruptedwhenitiscrossingzero.(i.e.SF6,Airetcisflowon arc at zero
point because it is easy to quench arc at zero point).

F~ ™ .
’ U

Zero Point
ThisproblemofcurrentchoppingmainlyoccursinAir-Blastcircuitbreaker,whensomelowcurrent is
(stopped or) interrupted.
Currentchoppingistheprocessinwhich,whencurrentisinterrupted(stopped)beforezeropoint then
some very high voltage is develop between fixed contact and moving contact.

Thishighvoltagehelpsarctoformagain.

Tosolvethisproblem,weconnectedaResistanceinparallelwithcircuitbreakercontacts.

Ifcurrentisinterruptedbeforezeropoint,thisresistancewillopposehighvoltageandarcisnotformagain. This is
also called as Resistance switching.

g g CBE ———

CurrentChopping
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ResistanceSwitching(Toreducecurrentchopping)
Resistanceswitching:

Resistance Switching in Circuit Breaker refers to a method adopted for dampening the over voltage
transients due to current chopping, capacitive current breaking etc. In this method, a shunt resistance is
connected across the contacts of circuit breaker.

HowdoesResistanceSwitchingWork?

Let us consider a circuit and connect a shunt resistance R across the contacts of the breaker asshown below.
Suppose a fault occurs on the line. Because of the occurrence of fault, the contacts of breaker will open and
an arc will stuck between the contacts.

e
L E‘C.‘B‘.
—— 00070 ® >

Resistance-switching

Since the contacts of breaker are shunted by resistance R, therefore a part of arc current will flow through
thisresistanceR. Dueto thisthe magnitudeofarccurrentwillreducewhichinturnwillresultinincreasein the rate
of de-ionization of arc path. In this way, the arc resistance increases. This increased arc resistance leads to
further increases in the current through the shunt resistance R. Thus again, the arc current will reduce and
hence the arc resistance increases. This cumulative process will continue till the magnitude of arc current
becomes so low that it is not able to maintain the arc. Thus the arc extinguishes and the current is
interrupted by the breaker.
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Resistance Switching also reduces the oscillatory growth of Re-striking Voltage. The natural frequency of
the circuit shown above is given by

fn=(1/2m)(1/LC-1/4R2C2)

The main role of shunt resistance R is to limit the growth of re-strike voltage and cause it to grow
exponentially up to recovery voltage. If the value of R is so selected that the circuit becomes critically
damped then re-strike voltage rises exponentially till recovery voltage is reached.

V' N
83 Oscillatory Restriking
= Voltage
o .
| ' Recovery VVoltage
| 1L \A
Damped Restriking
Voltage
>

Time

Resistance-switching-and-restriking-voltage
ThevalueofRforcriticaldampingcanbefindas 1/LC —
1/4R2C2 =0

=1/LC= 1/4R2C2

=L =4R2C

=>R2 =L /4C

=R=0.5V(L/C)

Thustheadvantagesofresistanceswitchingareasfollows:

v' Itreducestherateofriseofre-strikingvoltageandthepeakvalueofre-strikingvoltage.
v" ResistanceSwitchinghelpstoreducethevoltagetransientsurgeduringcurrentchoppingand
capacitive current breaking.
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CircuitBreakerRating:

The rating of the circuit breaker is given on the duties that are performed by it. For complete specification
standard ratings and various tests of switches and circuit breakers may be consulted.

v"Itis capable of breaking the faulty section of the system. This is described as the breaking capacity
of the circuit breaker.

v Thecircuit breaker must becapableof making thecircuit inthe greatest asymmetricalcurrent in the
current wave. This refers to making the capacity of the circuit breaker.

v Itmustbecapableofcarryingfaultsafelyforashorttimewhiletheotherbreakerisclearingthe fault. This
refers to the short-time capacity of a circuit breaker.

Inadditiontotheaboverating,thecircuitbreakersshouldbespecifiedintermsof

Thenumberofpoles
Ratedvoltage
Ratedcurrent
Ratedfrequency
Operatingvoltage

ok N e

Thesetermsareexplainedbelowindetails

Ratedvoltage—

The rated maximum voltage of the circuit breaker is the highest RMS voltage, above nominal voltage for
which the circuit breaker is designed and is the upper limits for operation. The rated voltage is depicted in
KVrms and used phase to phase voltage for three phase circuit.

Ratedcurrent-Theratednormalcurrentofthecircuit breakeris theRMS valueofthecurrentwithwhich the
circuit breaker shall be able to carry at rated frequency and at rated voltage continuously, under specified
conditions.

Rated Frequency — The rated frequency of a circuit breaker is the frequency at which it is designed to
operate. Standard frequency is 50 Hz

Operating Duty — The operating duty of a circuit breaker consists of the prescribed number of unit
operations at stated intervals. The operating sequence refers the opening and closing operation of circuit
breaker contacts.

Breaking Contact — The terms expressed the highest number of short-circuit current that the breakers are
capable of breaking under specified conditions of transient recovery voltage and power frequency voltage.
It is expressed in KA RMS at contact separation. The breaking capacities are divided into two types.

1. Symmetricalbreakingcapacityofacircuitbreaker
2. Asymmetricalbreakingcapacityofacircuitbreaker.
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MakingCapacity—

Themaking currentofthe circuitbreaker,when closedona shortcircuit, isthepeakvalueofthemaximum current
wave (including dc component) in the first cycle of the current after the circuit is closed by the circuit
breaker.

ShortCircuitCurrent—

The short circuit current of a circuit breaker is the RMS value of current that a breaker can carry in a fully
closed condition without damage, for the specified time interval under prescribed condition. It is normally
expressed regarding terms of KA for 1 second or 4 seconds. These ratings are based on thermal limitation.
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UNIT-
SPROTECTIVERELAYS

DEFINITION-Aprotectiverelayisadevicethatdetectsthefaultandintimatetheoperationofthe circuit breaker
to isolate the device element from the rest of the system.

FundamentalRequirementsofProtectiveRelay:

In order that protective relay system may perform this function satisfactorily, it should have the following
qualities:

Selectivity
Speed
Sensitivity
Reliability
Simplicity
Economy

S e o

1. Selectivity: It is the ability of the protective system to select correctly that part of the system in trouble
and disconnect the faulty part without disturbing the rest of the system.

2. Speed: The relay system should disconnect the faulty section as fast as possible forthe following reasons

v’ Electricalapparatusmaybedamagediftheyaremadetocarrythefaultcurrentsforalongtime.

v A failure on the system leads to a great reduction in the system voltage. If the faulty section is not
disconnected quickly, then the low voltage created by the fault may shut down consumers motors
and the generators on the system may become unstable.

v The high speed relay system decreases the possibility of development of one type of fault into the
other more severe type.

3. Sensitivity: Itistheabilityoftherelay systemtooperate withlowvalueofactuatingquantity.Sensitivity of a
relay is a function of the volt-amperes input to the coil of the relay necessary to cause its operation.

4. Reliability: It is the ability of the Protective Relay system to operate under the pre-determined
conditions. Withoutreliability,the protectionwouldbe renderedlargelyineffectiveandcouldevenbecome a
liability.

5. Simplicity: The relaying system should be simple so that it can be easily maintained. Relicability is
closely related to simplicity. The simpler the protection scheme, the greater will be its reliability.

6. Economy: The most important factor in the choice of a particular protection scheme is the economic
aspect. Sometimes it is economically unjustified to use an ideal scheme of protection and a compromise
method has to be adopted. As a rule, the protective gear should not cost more than 5% of total costa.
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ElectromagneticAttractionRelays:

Electromagneticattractionrelaysoperatebyvirtueofanarmaturebeingattractedtothepolesofanelectromagnetoraplu
erbeingdrawnintoasolenoid.SuchBasicRelaysmaybeactuatedbyD.C.or
A.C.quantities. Theimportanttypesofelectromagneticattractionrelaysare:

[TTTT

M
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(i) Attractedarmaturetyperelay:

v" Fig. 21.3 shows the schematic arrangement of an attracted armature type relay. It consists of a
laminated electromagnet M carrying a coil C and a pivoted laminated armature.

v" The armature is balanced by a counterweight and carries a pair of spring contact fingers at its free
end. Under normal operating conditions, the current through the relay coil C is such that
counterweight holds the armature in the position shown.

v" However, whena short circuit occurs, the current through the relay coil increases sufficiently and the
relay armature is attracted upwards.

v The contacts on the Basic Relays armature bridge a pair of stationary contacts attached to the relay
frame

v . This completes the trip circuit which results in the opening of the circuit breaker and, therefore, in
the disconnection of the faulty circuit.

v" The minimum current at which the relay armature is attracted to close the trip circuit iscalled pickup
current.

v' Itis a usual practice to provide a number of tappings on the relay coil so that the number of turns in
use and hence the setting value at which the relay operates can be varied.

(i) Solenoidtyperelay:

lron
armature

r~—.j.-_\_-: To U‘p BT 5 )
C eyt Circuit |
i B
__j;_'l_“= To .4_..___?j / A S .
s M v A ip S Spring
I l clrcuit LJ
/ e 2 R =g
Sy
‘ — .'“L-—-_,"’\ Fixed
ron Coill
plunger
Fig. 21.4 Fig. 21.5
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Fig.21.4showstheschematicarrangementofa solenoidtypeBasicRelays.

It consists of a solenoid and movable iron plunger arranged as shown. Under normal operating
conditions, the current through the relay coil C is such that it holds the plunger by gravity or spring
in the position shown.

However, on the occurrence of a fault, the current through the relay coil becomes more than the
pickup value, causing the plunger to be attracted to the solenoid.

The upward movement of the plunger closes the trip circuit, thus opening the circuit breaker and
disconnecting the faulty circuit.

(iii) Balancedbeamtyperelay:

v

v

v

v

Fig.21.5showstheschematicarrangementofabalancedbeamtyperelay.ltconsistsofaniron armature
fastened to a balance beam.
Undernormaloperatingconditions,thecurrentthroughtherelaycoilissuchthatthebeamisheldin the
horizontal position by the spring.

However,when afaultoccurs,thecurrentthrough therelay coilbecomesgreaterthan thepickup value and
the beam is attracted to close the trip circuit.
Thiscausestheopeningofthecircuitbreakertoisolatethefaultycircuit.

2.ElectromagneticinductionRelays:

v

v

-
e

Electromagneticinductionrelaysoperateontheprincipleofinductionmotorandarewidelyusedfor
protective relaying purposes involving a.c. quantities.

They are not used with D.C. quantities owing to the principle of operation. An induction relay
essentiallyconsistsofapivotedaluminumdiscplacedin twoalternatingmagnetic fieldsofthesame
frequency but displaced in time and space.

The torque is produced in the disc by the interaction of one of the magnetic fields with the currents
induced in the disc by the other.

To understand the production of torque in an induction relay, refer to the elementary arrangement
shown in Fig. 21.6 (i).

The two a.c. fluxes @2 and @1 differing in phase by an angle a induce e.m.f.s’ in the disc and cause
the circulation of eddy currents i2 and il respectively. These currents lag behind their respective
fluxes by 90°.

~

-~
~

iy )

Fig. 21.6
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Referring to Fig. 21.6 (ii) where the two a.c. fluxes and induced currents are shown separately for clarity,
let

¢1 = q)bmu' sin
¢2 = ¢2m'n.r sin ((D I+ 0')

Where®1and®2aretheinstantaneousvaluesoffluxesand®2leads® 1byananglea.

Assuming that the paths in which the rotor currents flow have negligible self-inductance, the rotor currents
will be in phase with their voltages.

a9 . d

il o dt At ((P]nm\' sin @ t)

o< Ql.,:mu COs O ¢

A dd
iy o< d_tz < 0y, COS (O 1+ Q)

Fig21.6(ii)showsthatthetwoforcesareinopposition. Net
force F at the instant considered is
Frise Fz’_-; £ _
< Q=4 b
0; (pZmax Siﬂ(a) I+ (X') q)lma_:; cCos w7— ¢]ma‘- Sin ot ¢2mu.r COS (0) i+ 0.)

oy 4¢lvn_:ax ¢2miu sin ¢
o< @y 9, sin O o)

Where®1and®2aretheR.M.S.valuesofthefluxes.

The following three types of structures are commonly used for obtaining the phase difference in the fluxes
and hence the operating torque in induction relays:

1. shaded-polestructure
2. watthour-meterordoublewindingstructure
3. inductioncupstructure

1.Shaded-polestructure:

The general arrangement of shaded-pole structure is shown in Fig. 21.7. It consists of a pivoted aluminum
disc free to rotate in the air-gap of an electromagnet.
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One-half of each pole of the magnet is surrounded by a copper band known as shading ring.The alternating
flux @s in the shaded portion of the poles will, owing to the reaction of the current induced in the ring, lag
behind the flux ®u in the unshaded portion by an angle a.

Thesetwoa.c.fluxesdifferinginphasewillproducethenecessarytorquetorotatethedisc. Asproved earlier, the
driving torque T is given by

T o ¢_, sin 0,
Assumingthefluxes®sand®utobeproportionaltothecurrentlintherelaycoil,

_ -~
T oc I"sin o

Thisshowsthatdrivingtorqueisproportionaltothesquareofcurrentintherelaycoil.
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o-.y,l‘ it L— Primary
O e
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L ¢
- ,—"‘b I‘Z 4 _}
¢ To Ac@uating » To trip
~% quanlity source > circuit
i3 .
e ,.......p,.....';.__.
S
W e
_Lower magnet
Fig. 21.7 g, 21.8

Watt-hourmeterstructure:

v This structure gets its name from the fact that it is used in watt-hour meters. Thegeneral arrangement
of this type of relay is shown in Fig. 21.8.

v It consists of a pivoted aluminum disc arranged to rotate freely between the poles of two
electromagnets. The upper electromagnet carries two windings ; the primary and the secondary.

v The primary winding carries the relay current 11 while the secondary winding is connected to the
winding of the lower magnet. The primary current induces e.m.f. in the secondary and so circulatesa
current 12 in it.

v The flux ®2 induced in the lower magnet by the current in the secondary winding of the upper
magnet will lag behind ®1 by an angle a.

v The two fluxes ®1 and ®2 differing in phase by a will produce a driving torque on the disc
proportional to ®1d2 sin a.

v An important feature of this type of relay is that its operation can be controlled by openingor closing
the secondary winding circuit.
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v' Ifthis circuit isopened, noflux can beset bythelower magnethowever greatthevalueofcurrentin the
primary winding may be and consequently no torque will be produced.
v Therefore,theBasicRelayscanbemadeinoperativebyopeningitssecondarywindingcircuit.

3.Inductioncupstructure:

v Fig. 21.9 shows the general arrangement of an induction cup structure. It most closely resembles an
induction motor, except that the rotor iron is stationary, only the rotor conductor portion being free
to rotate.

¥ To trip circuit

-— Stationary core

Fig. 21.9

v Themovingelementisahollowcylindricalrotorwhichturnsonitsaxis.

v Therotating field To trip circuit is producedby two St pairsof coils wound on four poles as shown.
The rotating field induces currents in the cup to provide the necessary driving torque.

v If®d1 and®2 represent the fluxes produced bythe respective pairs of poles, then torque produced is
proportional to ®1®2 sin a where a is the phase difference between the two fluxes.

v A control spring and the back stop for closing of the contacts carried on an arm are attached to
thespindle of the cup to prevent the continuous rotation.

Definitionoffollowingimportantterms-
() Pick-upcurrent:ltistheminimumcurrentintherelaycoilatwhichtherelaystartstooperate.

(i) Current setting: Thepickupvalueofcurrentcanbeadjustedtotherequiredlevelinthe relays whichis called
current setting of that relay.

PlugSettingMultiplier(PSM):

PlugSettingMultiplier(PSM)isdefinedastheratiooffaultcurrenttothepick-upcurrentoftherelay. Thus,

SupposeweareusingCTof100/1A,afaultcurrentof,say5000Aisflowingthroughthenetwork protected by the relay.

FaultcurrentinCTsecondary=(5000x%1)/100=50A
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AssumethatCurrentSettingorthepositionofplugisatSthen  PSM
=50/ (1x5) =10

Time SettingMultiplier(TSM): ARelayisgenerallyprovidedwithcontroltoadjustthetimeofoperation of the
Relay. This adjustment is known as Time Setting Multiplier or TSM. Normally a Time Setting Dialis
provided which is calibrated from 0 to 1 s in step of 0.05 s.

Classificationoffunctionalrelays-

Inductiontypeovercurrentrelays
Inductiontypereversepowerrelays
Distancerelays

Differentialrelays
Translayscheme

ok wbh e

InductionTypeOvercurrentRelay(Non-Directional):

This Induction Type Overcurrent Relay works on the induction principle and initiates corrective measures
when current in the circuit exceeds the predetermined value. The actuating source is a current in the circuit
supplied to the relay froma currenttransformer. These relaysare used on a .c. circuitsonly and can operate
for fault current flow in either direction.

o« To trip circuit »Oo
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T T :
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—
, )
o From C.T. “—J-L
Fig. 21 .17
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Constructionaldetails:

v

Fig. 21.17 shows the, important constructional details of a typical non-directional induction type
overcurrent relay. It consists of a metallic (aluminium) disc which is free to rotate in between the
poles of two electromagnets.

The upper electromagnet has a primary and a secondary winding. The primary is connected to the
secondary of a C.T. in the line to be protected and is tapped at intervals.
Thetappingsareconnectedtoaplug-settingbridgebywhichthenumberofactive turnsontherelay operating
coil can be varied, thereby giving the desired current setting.

The secondary winding is energized by induction from primary and is connected in series with the
winding on the lower magnet. The controlling torque, is provided by a spiral spring.

The spindle of the disc carries a moving contact which bridges two fixed contacts (connected to trip
circuit) when the disc rotates through a pre-set angle.

This angle can be adjusted to any value between 0° and 3600. By adjusting this angle, the travel of
the moving contact can be adjusted and hence the relay can be given any desired time setting.

Operation:

v

v

The driving torque on the aluminium disc is set up due to the induction principle. This torque is
opposed by the restraining torque provided by the spring.

Undernormaloperating conditions, restraining torqueisgreaterthanthe drivingtorqueproducedby the
relay coil current, therefore, the aluminium disc remains stationary.
However,ifthecurrentintheprotectedcircuitexceedsthepre-setvalue,thedrivingtorquebecomes greater
than the restraining torque.

Consequently, the disc rotates and the moving contact bridges the fixed contacts when the disc has
rotated through a pre-set angle. The trip circuit operates the circuit breaker which isolates the faulty
section.

Inductiontypedirectionalpowerrelay:

This Induction Type Directional Power Relay operates when power in the circuit flows in a specific
direction Unlike a non-directional overcurrent relay, a directional power relay is so designed that it obtains
its operating torque by the interaction of magnetic fields derived from both voltage and current sourceof the
circuit it protects. Thus thistype ofrelayis essentiallya wattmeter and the direction of the torqueset up in the
relay depends upon the direction of the current relative to the voltage, with which it is associated.

Potential
coil

]
]
- To trip
From PT. —— circuit
—— N
P ‘iﬂ == l , s >
§ « =2
== U . Py I
== Current
— % —W¥ coil
From C.T.
(€3] [€23]

Fig. 21.18
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Constructionaldetails:

v Fig.21.18 showsthe essentialparts of atypicalinductiontypedirectionalpowerrelay.ltconsists of an
aluminum disc which is free to rotate in between the poles of two electromagnets.

v Theupperelectromagnetcarriesawinding(calledpotentialcoil)onthecentrallimbwhichis connected
through a potential transformer (P.T.) to the circuit voltage source.

v Thelowerelectromagnethasaseparatewinding(calledcurrentcoil)connectedtothesecondaryof
C.T.inthelinetobeprotected.

v The current coil is provided with a number of tappings connected to the plug-setting Midge (not
shown for clarity). This permits to have any desired current setting. The restraining torque is
provided by a spiral spring.

v Thespindle ofthe disc carriesa moving contact which bridges two fixed contacts when the disc has
rotatedthroughapre-setangle.Byadjustingthisangle,thetravelofthemovingdisccanbeadjusted and
hence any desired time-setting can be given to the relay.

Operation: The flux ®1 due to current in the potential coil will be nearly 90° lagging behind the
appliedvoltage V. The flux ®2 due to current coil will be nearly in phase with the operating current I.

The interaction of fluxes @1 and @2 with the eddy currents induced inthe disc produces a driving
torquegiven by:

T o< ¢, ¢, sin0 [See Art. 21.5]
Since ¢ =<V, o</ and 0.=90-9
T o VIsin (90— 0)
o< V1cos B
e power in the circuit

v' Itis clear that the direction of driving torque on the disc depends upon the direction of power flowin
the circuit to which the relay is associated.

v" When the power in the circuit flows in the normal direction, the driving torque and the restraining
torque (due to spring) help each other to turn away the moving contact from the fixed contacts.
Consequently, the relay remains inoperative.

v However,thereversalofcurrentinthecircuitreversesthedirectionofdrivingtorqueonthedisc.

v" When the reversed driving torque is large enough, the disc rotates in the reverse direction and the
moving contact closes the trip circuit. This causes the operation of the circuit breaker which
disconnects the faulty section.

InductionTypeDirectionalOvercurrentRelay:

v' The directional power relay is unsuitable for use as a directional protective relay under short-circuit
conditions.

v" When a short-circuit occurs, the system voltage falls to a low value and there may be insufficient
torque developed in the relay to cause its operation.
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v" This difficulty is overcome in the Induction Type Directional Overcurrent Relay which is designed
to be almost independent of system voltage and power factor
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Constructionaldetails:Fig. 21.19 showstheconstructional detailsof atypical Induction TypeDirectional
Overcurrent Relay. It consists of two relay elements mounted on a common case Viz.

1. Directionalelementand
2. Non-directionalelement.

1. Directionalelement:
v' It is essentially a directional power relay which operates when power flows in a specific direction.
The potential coil of this element is connected through a potential transformer (P.T.) to the system

voltage.
v The current coil of the element is energized through a C.T. by the circuit current. This winding is

carried over the upper magnet of the non-directional element.
v The trip contacts (1 and 2) of the directional element are connected in series with the secondary

circuit of the overcurrent element.
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Therefore, the latter element cannot start to operate until its secondary circuit is completed. In other
words, the directional element must operate first (i.e. conetacts I and 2 should close) in order to
operate the overcurrent element.

v Non-directional element: It is an overcurrent element similar in all respects to a non-direcetional
overcurrent relay described in Art. 21.11.

v Thespindle ofthe disc ofthis element carries a moving contact which closesthe fixed contacts (trip
circuit contacts) after the operation of direcetional element.

v It may be noted that plug-setting bridge is also provided in the relay for current setting but has been
omitted in the figure for clarity and simplicity.

v' The tappings are provided on the upper magnet of overcurrent element and are connected to the
bridge.

Operation:

v Under normal operating conditions, power flows in the normal direction in the circuit protected by
the relay.

v Therefore, Induction Type Directional Overcurrent Relay (upper element) does not operate, thereby
keeping the overcurrent element (lower element) unenergised.

v However, when a short-circuit occurs, there is a tendency for the current or power to flow in the
reverse direction. Should this happen, the disc of the upper element rotates to bridge the fixed
contacts 1 and 2. This completes the circuit for overcurrent element.

v" The disc of this element rotates and the moving contact attached to it closes the trip circuit. This
operates the circuit breaker which isolates the faulty section.

v" The two relay elements are so arranged that final tripping of the current controlled by them is not
made till the following conditions are satisfied :

1. Currentflowsinadirectionsuchastooperatethedirectionalelement.

2. Currentinthereversedirectionexceedsthepre-setvalue.

3. Excessivecurrentpersistsforaperiodcorrespondingtothetimesettingofovercurrentelement.

DifferentialRelay:

Adifferentialrelayisonethatoperateswhenthephasordifferenceoftwoormoresimilarelectrical quantities exceeds a
pre-determined value.

1.
2.

Currentbalanceprotection
Voltagebalanceprotection

CurrentDifferentialRelay:

v
v

Fig. 21.23 shows an arrangement of an over current relay connected to operate as a differentialrelay.
A pair of identical current transformers is fitted on either end of the section to be protected
(alternator winding in this case).
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v ThesecondariesofCT’sareconnectedinseriesinsuchawaythattheycarrytheinducedcurrentsin the same
direction.

v' TheoperatingcoiloftheovercurrentrelayisconnectedacrosstheCTsecondarycircuit. This differential

relay compares the current at the two ends of the alternator winding.

Under normaloperatingconditions, supposethealternatorwinding carriesanormal current 0f1000

A.ThenthecurrentsinthetwosecondariesofCT’sareequal[SeeFig.21.23].

ThesecurrentswillmerelycirculatebetweenthetwoCT’sandnocurrentwillflowthroughthe differential

i

relay. Therefore, the relay remains inoperative.
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v’ If a ground fault occurs on the alternator winding as shown in Fig. 21.24 (i), the two secondary
currents will not be equal and the current flows through the operating coil of the relay, causing the
relaytooperate. Theamountofcurrentflowthroughtherelaywilldependuponthewaythe faultis being
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v

v

If some current (500 A in this case) flows out of one side while a larger current (2000 A) enters the
otherside asshown in Fig.21.24 (i),then the differenceof the CT secondarycurrentsi.e. 10 — 2 5=
7.5Awillflowthroughtherelay.

If current flows to the fault from both sides as shown in Fig. 21.24 (ii), then sum of CT
secondarycurrents i.e. 10 + 5 = 15 A will flow through the relay.

DisadvantagesofCurrentDifferentialRelay:

v

The impedance of the pilot cables generally causes a slight difference between the currents at the
two ends of the section to be protected. If the relay is very sensitive, then the small differential
current flowing through the relay may cause it to operate even under no fault
Pilotcablecapacitancecausesincorrectoperationoftherelaywhenalargethrough-current
Accuratematchingofcurrenttransformerscannotbeachievedduetopilotcircuitimpedance.

VoltageBalanceDifferentialRelay:

v
v

Fig.21.27showsthearrangementofvoltagebalanceprotection.
Inthisschemeofprotection,twosimilarcurrenttransformersareconnectedateitherendofthe element to be
protected (e.g. an alternator winding) by means of pilot wires.

The secondaries of current transformers are connected in series with a relay in such way that under

normal conditions, their induced e.m.f.s’ are in opposition.
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Fig. 21.27

Underhealthyconditions,equalcurrentsl=I2)flowinbothprimarywindings.

Therefore, the secondaryvoltages of the two transformersare balancedagainsteachother and no
current will flow through the relay operating coil.
Whenafaultoccursintheprotectedzone,thecurrentsinthetwoprimarieswilldifferfromone another (i.e. 11
# 12) and their secondary voltages will no longer be in balance.
Thisvoltagedifferencewillcauseacurrenttoflowthroughtheoperatingcoiloftherelaywhich closes the
trip circuit.
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DisadvantagesinVoltageBalanceDifferentialRelay:

v Thevoltagebalancesystemsuffersfromthefollowingdrawbacks:

v" A multi-gap transformer constriction is required to achieve the accurate balance between current
transformer pairs.

v' The system is suitable for protection of cables of relatively short lengths due to the capacitance of
pilot wires. On long, cables, the charging current may be sufficient to operate the relay even if a
perfect balance of current transformers is attained.

TypesofProtection:

When a fault occurs on any part of electric power system, it must be cleared quickly in order to avoid
damage and/or interference with the rest of the system. It is a usual practice to divide the Types of
Protection scheme into two classes viz. primary protection and back-up protection.

Primary Protection: It is the protection scheme which is designed to protect the compoenent parts of the
power system.

v ThusreferringtoFig.21.29,eachline hasanovercurrentrelaythatprotectstheline.Ifa faultoccurs on any
line, it will be cleared by its relay and circuit breaker.

v Thisformstheprimaryormainprotectionandservesasthefirstlineofdefence.

v" The service record of primary relaying is very high with well over ninety percent of all
operationsbeing correct.

v" However, sometimesfaults are notcleared byprimary relay system because of trouble within

therelay, wiring system or breaker. Under such conditions, back-up protection does the required
job

Main bus

E@ Over-current relay
1.0 second time setting

(o |A

Line bu_s

Qver-current i
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time setting £

v v v ¥

Fig. 21.29
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2. Back-up protection: It is the second line of defense in case of failure of the primary protection. It is
designed to operate with sufficient time delay so that primary relaying will be given enough time to
function if it is able to. Thus referring to Fig. 21.29, relay A provides back-up protection for each ofthe four
lines. If a line fault is not cleared by its relay and breaker, the relay A on the group breaker willoperate after
a definite time delay and clear the entire group of lines.
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UNIT-6

PROTECTIONOFEL ECTRICALPOWEREQUIPMENTANDLINES

Protectionof Alternators:

The generating units, especially the larger ones, are relatively few in number and higher in individual cost
thanmostotherequipment’s. Therefore,itisdesirableandnecessaryto provideProtectionofAlternatorsto cover
the wide range of faults which may occur in the modern generating plant.

Someoftheimportantfaultswhichmayoccuronanalternatorare:

Failureofprime-mover
Failureoffield
Overcurrent
Overspeed
Overvoltage
Unbalancedloading
Statorwindingfaults

No ok owh e

1. Eailure of Prime-Mover: When input to the prime-mover fails, the alternator runs as a synchronous
motor and draws some current from the supply system. This motoring conditions is known as “inverted
running®.

2. Eailure of field:The chances of field failure of alternators are undoubtedly very rare. Even if it does
occur, no immediate damage will be caused by permitting the alternator to run without a field for a short-
period. It is sufficient to rely on the control room attendantto disconnect the faulty alternator manually from
the system bus-bars. Therefore, it is a universal practice not to provide automatic protection against this
contingency.

3. Overcurrent: It occurs mainly due to partial breakdown of winding insulation or due to overload on the
supply system. Overcurrent protection for alternators is considered unnecessary because of the following
reasons :

v" The modern tendency is to design alternators with very high values of internal impedance so that
they will stand a complete short-circuit at their terminals for sufficient time without serious
overheating. On the occurrence of an overload, the alternators can be disconnected manually.

v' The disadvantage of using overload Protection of Alternators is that such a protection might
disconnect the alternators from the power plant bus on account of some momentary troubles outside
the plant and, therefore, interfere with the continuity of electric service.

4. Overspeed:The chief cause of overspeed is the sudden loss of all or the major part of load on the
alternator. Modern alternators are usually provided with mechanical centrifugal devices mounted on their
driving shafts to trip the main valve of the prime-mover when a dangerous overspeed occurs.
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5. Over-voltage:The field excitation system of modern alternators is so designed that over-voltage
conditions at normal running speeds cannot occur. However, over voltage in an alternator occurs when
speed of the prime-mover increases due to sudden loss of the alternator load.

6.Unbalancedloading:Unbalanced loading meansthat there are differentphase currents in the alternator.
Unbalanced loading arises from faults to earth or faults between phases on the circuit external to the

alternator.

1. Statorwindingfaults: Thesefaultsoccurmainlyduetotheinsulationfailureofthestatorwindings. The main
types of stator winding faults, in order of importance are:

v' faultbetweenphaseandground
v’ faultbetweenphases
v"inter-turnfaultinvolvingturnsofthesamephasewinding

Differentialprotectionofalternators:

v" The most common system used for the protection of stator winding faults employs circulating-

current principle .
v In this scheme of Differential Protection of Alternators, currents at the two ends of the protected

section are compared. Under normal operating conditions, these currents are equal but may become
unequal on the occurrence of a fault in the protected section.

v Thedifferenceofthecurrentsunder  faultconditionsisarrangedtopassthroughtheoperatingcoilof  the
relay. The relay then closes its contacts to isolate protected section from the system. This formof
protection is also known as Merz-Price Circulating Current Scheme.
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Schematicarrangement:

v Fig. 22.2 shows the schematic arrangement of Differential Protection of Alternators for a 3-phase
alternator. Identical current transformer pairs CT1 and CT2 are placed on either side of each phase
of the stator windings.

v The secondaries ofeach set of current transformersare connected in star ; thetwo neutral points and
thecorrespondingterminalsofthetwostar — groupsbeingconnectedtogetherbymeansofafour-core pilot
cable.

v Thus there is an independent path for the currents circulating in each pair of current transformersand
the corresponding pilot P.

v The relay coils are connected in star, the neutral point being connected to the current-transeformer
common neutral and the outer ends one to each of the other three pilots.

v In order that burden on each current transformer is the same, the relays are connected across
equipotentialpointsofthethreepilotwiresand these equipotentialpointswould naturallybelocated at the
middle of the pilot wires.

v The relays are generally of electromagnetic type and are arranged for instantaneous action sincefault
should be cleared as quickly as possible.

Operation:

v Referring to Fig. 22.2, it is clear that the relays are connected in shunt across each circulating path.
Therefore, the circuit of Fig. 22.2 can be shown in a simpler form in Fig. 22.3.

v Undernormaloperatingconditions,thecurrentatbothendsofeachwindingwillbeequalandhence the
currents in the secondaries of two CTs connected in any phase will also be equal.

v Therefore, there is balanced circulating current in the pilot wires and no current flows through
theoperating coils (R1, R2 and R3) of the relays.

v" Whenanearth-faultorphase-to-phasefaultoccurs, thisconditionnolongerholdsgoodandthe differential
current flowing through the relay circuit operates the relay to trip the circuit breaker.
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1. Suppose an earth fault occurs on phase R due to breakdown of its insulation to earth asshown in Fig.
22.2. The current in the affected phase winding will flow through the core and frame of the machine
to earth, the circuit being completed through the neutral earthling resistance. The currents in the
secondaries of the two CTs in phase R will become unequal and the difference of the two currents
will flow through the correesponding relay coil (i.e. R1), returning via the neutral pilot.
Consequently, the relay operates to trip the circuit breaker.

2. Imaginethatnowashort-circuit faultoccursbetweenthephasesYand Basshownin Fig.22.2. The short-
circuit current circulates via the neutral end connection through the two windings and through the
fault as shown by the dotted arrows. The currents in the secondaries of two CTs in each affected
phase will become unequal and the differential current will flow through the operating coils of the
relays(i.e.R2andR3) connectedin thesephases. Therelaythenclosesitscontactstotripthecircuit breaker.

Limitations:

v The two circuits for alternator protection shown above have their own limitations. It is a general
practice to use neutral earthing resistance in order to limit the destructive effects of earth-fault
currents. In such a situation, it is impossible to protect whole of the stator windings of a star-
connected alternator during earth-faults.

v" Whenan earth-fault occurs near the neutral point, theremaybe insufficientvoltage across the short-
circuited portion to drive the necessary current round the fault circuit to operate the relay. The
magnitude of unprotected zone depends upon the value of earthing resistance and relay setting.

Balancedearthfaultprotection:

In small-size alternators, the neutral ends of the three-phase windings are often connected internally to a
single terminal.

Therefore, it is not possible to use Merz-Price circulating current principle described above because there
are no facilities for accommodating the necessary current transformers in the neutral connection of each
phase winding.
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Schematicarrangement:

v Fig. 22.6 shows the schematic arrangement of a Balanced Earth Fault Protection for a 3-phase
alternator.

v" It consists of three line current transformers, one mounted in each phase, having their secondaries
connected in parallel with that of a single current transformer in the conductor joining the star point
of the alternator to earth.

v" A relay is connected across the transformers secondaries. The protection against earth faults is
limited to the region between the neutral and the line current transformers.

Operation:

v"Under normal operating conditions of Balanced Earth Fault Protection, the currents flowing in the
alternator leads and hencethecurrentsflowing in secondaries oftheline current transformersadd to
zero and no current flows through the relay.

v Also under these conditions, the current in the neutral wire is zero and the secondary of neutral
current transformer supplies no current to the relay.

v If an earth-fault develops at F2 external to the protected zone, thesum of the currents at the terminals
of the alternator is exactly equal to the current in the neutral connection and hence no current flows
through the relay.

v" Whenanearth-faultoccursatFlorwithintheprotectedzone,thesecurrentsarenolongerequaland the
differential current flows through the operating coil of the relay. The relay then closesits contacts to
disconnect the alternator from the system.

ProtectionSystemsforTransformers:

TheprincipalrelaysandsystemsusedforProtectionofTransformersare:

v Buchholzdevicesprovidingprotectionagainstallkindsofincipientfaultsi.e.slow-developing faults such
as insulation failure of windings, core heating, fall of oil level due to leaky joints etc.

v’ Earthfaultrelaysprovidingprotectionagainstearth-faultsonly.

v" Overcurrentrelaysprovidingprotectionmainlyagainstphase-to-phasefaultsandoverloading.

v’ Differentialsystemprovidingprotectionagainstbothearthandphasefaults.

The complete Protection of Transformers usually requires the combination of these systems.Choiceof aparticu
combination of systems may depend upon several factors such as

v Sizeofthetranseformer
Typeofcooling
Locationoftransformerinthenetwork
Natureofloadsuppliedand

v
v
v
v" Importanceofserviceforwhichtransformerisrequired.
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BuchholzRelay:

v Buchholz Relay is a gas-actuated relay installed in oil immersed transformers for protection against
all kinds of faults.

v It is used to give an alarm in case of incipient faults in the transformer and to diseconnect the
transformer from the supply in the event of severe internal faults. It is usually installed in the pipe
connecting the conservator to the main tank as shown in Fig. 22.11.

V' ItisauniversalpracticetouseBuchholzrelaysonallsuchoilimmersed  transformershavingratings  in

excess of 750 kVA.
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Construction:

v Fig. 22.12 shows the constructional details of a Buchholz relay. It takes the form of a domed vessel
placed in the connecting pipe between the main tank and the conservator.

v Thedevicehastwoelements. Theupperelementconsistsofamercurytypeswitchattachedtoa float.

v The lowerelement containsamercury switchmountedonahingedtype flaplocated inthedirect path of
the flow of oil from the transformer to the conservator.

v Theupperelementclosesanalarmcircuitduringincipientfaultswhereasthelowerelementis arranged to
trip the circuit breaker in case of severe internal faults.

Operation:

v" In case of incipient faults within the transformer, the heat due to fault causes the decomposition of
some transformer oil in the main tank.

v" The products of decomposition contain more than 70% of hydrogen gas. The hydrogen gas being
light tries to go into the conservator and in the process gets entrapped in the upper part of relay
chamber.

v" When a presdetermined amount of gas gets accumulated, it exerts sufficient pressure on the float to
cause it to tilt and close the contacts of mercury switch attached to it.

v" This completes the alarm circuit to sound an alarm. If a serious fault occurs in the transformer, an
enormous amount of gas is generated in the main tank.

v The oil in the main tank rushes towards the conservator via the Buchholz relay and in doing so tilts
the flap to close the contacts of mercury switch.

v Thiscompletesthetripcircuittoopenthecircuitbreakercontrollingthetransformer.

Advantages

v' ltisthesimplestformoftransformerprotection.
v' Itdetectstheincipientfaultsatastagemuchearlierthanispossiblewithotherformsofprotection.

Disadvantages

v' Itcanonlybeusedwithoilimmersedtransformersequippedwithconservatortanks.
v' Thedevicecandetectonlyfaultsbelow oillevelinthetransformer. Therefore,separateprotectionis needed
for connecting cables.

BusbarProtection:

Busbars and lines are important elements of electric power system and require the immediate attention
ofprotection engineers for safeguards against the possible faults occurring on them.

Thetwomostcomemonlyusedschemesforbusbarprotectionare:
1. DifferentialProtection

2. FaultBusProtection
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1. Differential Protection: The basic method for busbar protection is the differential scheme in which
currentsentering and leaving the busare totalized. During normal load condition, the sumof these currents
isequaltozero.Whenafaultoccurs,thefaultcurrentupsetsthebalanceandproducesadifferentialcurrent to operate
arelay.
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v" Fig. 23.1 shows the single line diagram of current differential scheme for a station busbar. The
Busbar Protection is fed by a generator and supplies load to two lines.

v The secondaries of current transformers in the generator lead, in line 1 and in line 2 are allconnected
in parallel. The protective relay is connected across this parallel connection.

v All CTs must be of the same ratio in the scheme regardless of the capacities of the various circuits.
Undernormalloadconditionsorexternalfault conditions,thesumofthecurrentsenteringthebusis equal to
those leaving it and no current flows through the relay.

v"If a fault occurs within the protected zone, the currents entering the bus will no longer be equal to
those leaving it. The difference of these currents will flow through the relay and cause the opening
of the generator, circuit breaker and each of the line circuit breakers.

63




2. FaultBusProtection:

Itispossible todesign a station so thatthe faultsthatdevelop are mostlyearth-faults. Thiscan beachieved by
providing earthed metal barrier (known as fault bus) surrounding each conductor throughout its entire
length in the bus structure. With this arrangement, every fault that might occur must involve a connection
between a conductor and an earthed metal By directing the flow of earth-fault current, it ispossible to detect
the faults and determine their location. This type of protection is known as fault bus protection.
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Protectionof T ransmissionline:

The probability of faults occurring on the lines is much more due to their greater length and exposure to
atmospheric conditions. This has called for many protective schemes which have no application to the
comparatively simple cases of alternators and transformers. The requirements of line protection are:

v"In theeventofashort-circuit,thecircuitbreakerclosesttothefaultshouldopen,allothercircuit breakers
remaining in a closed position.

v"In case the nearest breaker to the fault fails to open, back-up protection should be provided by
theadjacent circuit breakers.

v' Therelayoperatingtimeshouldbejustasshortaspossibleinordertopreservesystemstability, without

unnecessary tripping of circuits.

The protection of lines presents a problem quite different from the protection of station apparatus such as
generators, transformers and Busbar Protection. While differential protection is ideal method for lines, it is
muchmoreexpensivetouse. Thetwoendsofalinemaybeseveralkilometersapartandtocomparethe
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two currents, a costly pilot-wire circuit is required. This expense may be justified but in general less costly
methods are used. The common methods of line protection are :

v Time-gradedovercurrentprotection
v' Differentialprotection
v' Distanceprotection

> (%
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L 4__')(_—> = [
Overcurrent Directional Differential inpedance
Non-directional

v

Fig. 23.3
Fig, 23.3 shows the symbols indicating the various types of relays.

Merz-Pricevoltagebalancesystem:

v" Fig. 23.8 showsthe single line diagramofMerz+Price voltage balancesystemfor theprotection ofa 3-
phase line. Identical current transformers are placed in each phase at both ends of the line.

v The pair of CTs in each line is connected in series with a relay in such a way that under, normal
conditions, their secondary voltages are equal and in opposietion i.e. they balance each other.
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v Under healthy conditions, current entering the line at one-end is equal to that leaving it at the other
end.

v' Therefore, equal and opposite voltages are induced in the secondaries of the CTs at the two ends of
the line. The result is that no current flows through the relays.

v" Suppose a fault occurs at point F on the line as shown in Fig. 23.8. This will cause a greater current
toflowthroughCT 1thanthroughCT2.Consequently,their secondaryvoltagesbecomeunequaland
circulating current flows through the pilot wires and relays.

v' Thecircuitbreakersatbothendsofthelinewilltripoutandthefaultylinewillbeisolated.




Fig.23.9showstheconnectionsofMerz-Pricevoltagebalanceschemeforallthethreephasesoftheline.
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Advantages

v Thissystemcanbeusedforringmainsaswellasparallelfeeders,

v" This system provides instantaneous protection for ground faults. This decreases the possisbility
ofthese faults involving other phases.

v" Thissystemprovidesinstantaneousrelayingwhichreducestheamountofdamagetooverehead conductors
resulting from arcing faults.

Disadvantages

v Accuratematchingofcurrenttransformersisveryessential.
v’ Ifthereisabreakinthepilot-wirecircuit,thesystemwillnotoperate.
v Thissystemisveryexpensiveowingtothegreaterlengthofpilotwiresrequired.

FeederProtection:

Feeder protection is defined as the protection of the feeder from the fault so that the power grid
continuesupply the energy. The feeder injects the electrical energy from the substation to the load end.

Themainrequirementsofthefeederprotectionare;

e Duringtheshortcircuit,thecircuitbreakernearesttothefaultshouldopenandallothercircuit breakers
remain in a closed position.

o Ifthebreakernearesttothefaultfailstoopenthen,backupprotectionshouldbeprovidedbythe adjacent
circuit breaker.
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Therelayoperating time should be small to maintain the system stability without necessarytripping
of a circuit.

ProtectionofRadialFeeders-

Inaradialsystemwhenthenumberoffeedersisconnectedinseriesasshowninthefigure.

When the fault occurs on the SS4, the relay OC5 should operate first and not any other i.e. the time
require to operate the relay OC4 must be less than the time required for relay OC3 and so on.

This shows that the time setting required for these relays must be properly graded. The minimum
interval of time which can be allowed for the two adjacent circuit breaker depends on its own
clearance time, plus a small time for the safety margin.

With normal circuit breaker in use minimum, the discriminating time between adjustment breaker
should beabout0.4 seconds. ThetimesettingsforrelayOC1,0C2,0C3,0C4,andOC5will be 0.2
seconds, 1.5 seconds, 1.5 seconds, 1.0 seconds, 0.5 second and instantaneous respectively.

Along with the grading system, it is also essential that the time of operation for the severe fault
should be less. This can be done by using time limiting fuse in parallel with the trip coils

GS SSs SS, SS3 SSa

CB: CB; CBz CBa4 CBs |
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2 seconds 1.5 seconds 1.0 seconds 0.5 seconds Instantaneous

2 seconds
Operating 1.5 seconds
Time 1.0 seconds

| 0.5 seconds

Distance —»

Time Graded Protection for Radial Feeders

ProtectionofParallelFeeders

e The parallel connection of the supply is mainly used for the continuity of the supply and for
sharing the load. When thefault occurson theprotectivefeeder, the protective device will select
and isolate the defective feeder while the other instantly assume the increased load.

e When the heavy fault F occur on any one of the lines, then the power is fed into fault from the
sending end as well as from the receiving end of the line. The direction of power flow will be
reversed through the relay on D, which will be open.

e The excess current is then restricted to B until its overload relay operates and trips the circuit
breaker, thus completely isolating the faulty feeder and supplying power through the healthy
feeder. ThismethodisonlysatisfactorywhenthefaultisheavyandreversethepoweratD.

67




Hence differential protection is also added along with the overloaded protection at both the end

of the line.
Supply End A Instantaneous Receiving End
Feeder 1 C
O e eH—r—+1—
§ —
Loads
|
B Eeeder 2 nstantaneous
C8 C8 B }—
A— R —

4=y Non-Directional

— Directional

Protection of Parallel Feeders

ProtectionofRingMainSystem

The ring main is a system of interconnection between a series of the power station by a different route. In

the main ring system, the direction of power can be changed at will, particularly when the interconnectionis
used.

The elementary diagram of such a system is shown in the figure below where G is the generating station,
andA,B,C,andDaresubstation. Atthegeneratingstation,thepowerflowonlyinone directionandhence notimelag
overloadrelaysisused. Thetimegradeoverload relayisplacedattheend ofthesubstation,and it will trip only
when overload flows away from the substation which they protect.

—_
1.5 seconds
S
A/e“oo > ¢ (B>
2

0.5 seconds

-

Y X
1.0 seconds
——

N

L
-8
1.0 seconds
—_—

0.5 seconds
<+— Non directional *

~—p Directional

Protection of Ring System
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Going round the ring in the direction GABCD the relay on the further side of each station are set with
decreasing time lags. At generating station 2 seconds at station A, B, C and 1.5 seconds, 1.0 second, 0.5
second and instantaneous respectively. Similarly going round the ring in the opposite direction the relay on
the outgoing sides would be set as follows.

Ifthefault occurs atpointF, thepowerFisfed intothe faultthrough twopaths ABF and DCF. Therelayto operate
is that between substation B and fault point F and substation C and fault point F. Thus the fault on any
section will cause the relay on that section to operate, and the healthy section will be operating
uninterruptedly.
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UNIT-7

PROTECTIONAGAINSTOVERVOLTAGEANDLIGHTING

Definition: Voltage surge is defined as the sudden rise in excessive voltage which damages the electrical
equipment of an installation. The overvoltage in the lines occurs because of a rise in voltage between both
phasesandbetweenphaseandground. Thevoltagesurgesaremainlyclassifiedundertwoheading;internal and
external voltages.

TypesofVoltageSurge

Theovervoltage in the power station canbe caused either bythe internaldisturbance or bythe atmospheric
eruption. On the basis of the generation of overvoltages the voltage surge are classified into two
categories. These are

1. InternalOvervoltage
2. ExternalOvervoltage

InternalOvervoltage

When the voltage in the system raises itself beyond the rated voltage, then such type of voltage is called
internal overvoltage. The internal voltage may be transient, dynamic or stationary in nature. If the
overvoltage wave is transient in nature, then there frequency is unrelated to the normal frequency, and it
will persist few cycles only.

Theinternalovervoltagemainlycausesbecauseofthefollowingreasons;

Switching Operation on Unloaded Line — During the switching operation, the line is connected to a
source of voltage and travelling waves are set up which rapidly charge the line. These waves instantly
attainedthevoltageofthe magnitudenotexceedingtwicethesupplyvoltageattheinstantofdisconnection.

Sudden Opening of Load Line — When the load on the line is suddenly opened a transient voltage of the
value of e =i z0 is set up, where i is the instantaneous value of the current at the instant of opening of the
line and ZO0 is the natural or the surge impedance of the line. The transient overvoltage of the line does not
depend on the line voltage and therefore low voltage transmission system is liable to overvoltage of the
same magnitude as compared to high voltage system.

Insulation Failure — The failure of insulation between the line and the earth is very frequent. When the
insulation breakdown occurs the potential at fault suddenly falls from maximum to zero and therefore a
negative voltage wave of very steep front in the form of surges are generated in both directions.

ExternalOvervoltages

The overvoltage which is caused by the atmospheric discharge such as static discharge or lightning strokes
such type of voltage is called external overvoltage. External overvoltage can cause considerable stress on
the insulation. The intensity of the voltages is varied in the case of the lightning.
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Theintensityoflightningdependsonthehowdirectlythelineisstruck, I.e.,directlybythe maindischarge,
directlybya branch or streamer, or bytheinductiondue to aflash passingnear tobut not touchingthe line.

The installation in the power station is mainly classified into two types the one which is electrically
exposed, resulting in the apparatus being subjected to overvoltages of the atmospheric origin and another
which is electrically non-exposed and therefore not subject to this type of overvoltage.

LightningStroke

Definition: Lightning stroke is the direct discharge of an electrical charge between the atmosphere and the
object of earth. It is a sudden flow of electric charge between the electrical charge area ofa cloud also called
intra-cloud and another cloud called (CC lightning) or between the chargedcloud and the ground (CG
lightning).

MechanismoftheLightningDischarge:

In the atmosphere, the positive, as well as the negative ions in the air, attach themselves to the small dust
particles. The water drops present in the air also get charged because of polarization by induction. These
charged particles and water drops charged the clouds. The positive ions are collected in the upper region,
and the negative ions are collected in the lower region of the cloud because of their mass.

The potential gradient of the clouds is not uniform, and it is of the order of 10 — 30 KV/cm in any part of
thecloud. Theinitialdischargewhichisalsocalledpilotdischargeorpilotleadermovesslowlytowardsit from the
earth.

Pilot ==
Steamer_-

- Stepped
~ Steamer

o e e o e o e A o SR A A

The first discharge moves to earth in steps of about 50 meters each and is, therefore, termed the stepped
leader. The pilot leader carries a charge with it, and the potential gradient at its tips is very high. It ionises
the air and provides a path or channel for the pilot leader.
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When the pilot steamer reaches near the earth, the electric field intensity increases and due to this, the
chargesofan oppositepolarityin theformofashortsteamrises fromtheearthto meetthetipofdownward leader.
When a contact is made between the pilot leader and the short upward steamer, a return streamer travel
from the earth to cloud along the ionized channel formed by the pilot leader. The return steamer moves
very fast and produces the well known, intensely luminous lightning flash.
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The potential of the portion of the cloud from where the discharge originated is lowered by the passage of
the charge through the ionized channel to the earth. But the other portion of the clouds remains charged.
Therefore, a high potential develops between the original charge Centre and another charge center in the
clouds.

The stroke of lightning has a low current but long duration. It causes the fire when it strokes on the object.
The stroke of cold, lightning has a high current, but it is of short duration.
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Typesoflightningstrokes:

1. Directstroke
2. Indirectstroke

Directstroke:

In the direct stroke, the lightning discharge (i.e. current path) is directly from the cloud to the subject
equipmente.g.anoverheadline.Fromtheline,thecurrentpathmaybe overtheinsulatorsdownthepoleto
theground. Theovervoltagessetupduetothestroke.maybelargeenoughtoflashoverthispath directlyto the
ground. The direct strokes can be of two types viz. (i) Stroke A and (ii) stroke B.

+@ i

!
—

Supporl Support
(1) (i)
Fig. 24.5

(1) Instroke A thelightningdischargeisfromthe cloudtothe subjectequipmenti.e.anoversheadlinein this case
as shown in Fig. 24.5 (1). The cloud will induce a charge of opposite sign on the tall object (e.g.
anoverheadlineinthiscase).Whenthepotentialbetweenthecloudandlineexceedsthebreakdownvalue of air,
the lightning discharge occurs between the cloud and the line.

(i) In stroke B, the lightning discharge occurs on the overhead line as a result of stroke A between the
clouds asshown in Fig. 24.5 (ii). There are three cloudsP, Q and Rhaving positive, negative and positive
chargesrespectively. The chargeonthe cloudQ isboundbythe cloud R. IfthecloudP shiftstoo nearthe cloud
Q, then lightning discharge will Occur between them and charges on both these clouds disappear
quickly. TheresultisthatchargeoncloudRsuddenlybecomesfreeanditthendischargesrapidlytoearth, ignoring
tall objects.

Indirect stroke: Indirect strokes result from the electrostatically induced charges on the conductors due to
the presence of charged clouds. This is illustrated in Fig. 24.6.

A positively charged cloud is above the line and induces a negative charge on the line by electrostatic
induction. This negative charge, however, will be only on that portion of the line right under the cloud and
the portions of the line away from it will be positively charged as shown in Fig. 24.6. The induced positive
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charge leaks slowly to earth via the insulators. When the cloud discharges to earth or to another cloud, the
negative charge on the wire is isolated as it cannot flow quickly to earth over the insulators. The result is
that negative charge rushes along the line is both directions in the form of travelling waves. It may be
worthwhile to mention here that majority of the surges in a transmission line are caused by indirect Types
of Lightning Strikes strokes.

gy 2 5 e T thdd Y
&+ +
+ %

Fig. 24.6

HarmfulEffectsof TypesofLightningStrikes:

A direct or indirect lightning stroke on a transmission line produces a steep-fronted voltage wave on the
line. The voltage of this wave may rise from zero to peak value (perhaps 2000 kV) in about 1 ps and decay
to half the peak value in about Sus. Such a steep-fronted voltage wave will initiate travelling waves along
the line in both directions with the velocity dependent upon the L and C parameters of the line.

(i) The travelling waves produced due to lightning surges will shatter the insulators and may even wreck
poles.

(i) If the travelling waves produced due to Types of Lightning Strikes hit the windings of a transformer or
generator, it may cause considerable damage. The inductance of the wildings opposes any sudden passage
of electric charge through it. Therefore, the electric charges “piles up” against the transformer (or
generator).

(iii) If the arc is initiated in any part of the power system by the lightning stroke, this arc will set up very
disturbing oscillations in the line. This may damage other equipment connected to the line.

Lightningarresters:

Definition: The device which is used for the protection of the equipment at the substations against
travelling waves, such type of device is called lightning arrester or surge diverter.

WorkingofLightningArrester
e Whenatravellingwavereachesthearrestor,itssparksoveratacertainprefixedvoltageasshownin the figure

below. The arrestor provides a conducting path to the waves of relatively low impedance
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between the line and the ground. The surge impedance of the line restricts the amplitude of current
flowing to ground.

e The lightning arrester provides a path of low impedance only when the travelling surge reaches the
surge diverter, neither before it nor after it. The insulation of the equipment can be protected if the
shape of the voltage and current at the diverter terminal is similar to the shape shown below.

Surge Voltage
in absence of
Protective Device

Voltage

Residual
Voltage

Time ——*

Voltage Characteristic

Current ————»
3
@
>

Time ———

Current Characteristic

RodGapArrester-

v' ltisoneofthesimplest forms ofthearrester. Insuchtypeofarrester,there is anair gapbetweenthe ends of
two rods.

v" The oneend of the arrester is connected to the line and the second end of the rod is connected to the
ground.

v' Thegapsettingof thearrester shouldbe suchthatitshouldbreakbefore thedamage.When the high
voltage occurs on the line, the gap sparks and the fault current passes to the earth.

v Hence the equipment is protected from damage. The difficulty with the rod arrester is that once the
spark having taken place it may continue for some time even at low voltages.
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v’ Toavoiditacurrentlimitingreactorinserieswiththerodisused.

v" Theresistancelimitsthecurrenttosuchanextentthatitissufficienttomaintainthearc.

v Anotherdifficultywiththeroadgapisthattherodgapisliabletobedamagedduetothehigh temperature of
the arc which may cause the rod to melt.

Line =,

Rod connected

~— toline

Rod Gap

Rod connected

/ to earth

Rod gap on an insulator string

Horn-gaparrester-

v As the name suggests, this arrestor has two metal rods in horn-shaped. The arrangement of these
metal rods can be done around a small air gap.

v The distance between these two rods can be increased because they increase from the gap.The metal
rods are located on ceramic insulators.

v" The connection of the horn can be done by connecting it to two dissimilar wires. One side of the
horn can be connected to the line throughout a resistance & choke coil whereas the other side is
grounded efficiently.

Line Force

FaN
Choke | Resistance ——
Coil é

Transformer

Horn Gap With Choke Coil and Resistance
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v The resistance restricts the flow of current toward a minute value. The choke coil is used to provide
less reactance at the usual power frequency and also provides high reactance at transient frequency.

v' Therefore the choke coil doesn’t permit the transients to go into the apparatus to be protected. The
gap among the horns can be adjusted so that the usual supply voltage is not sufficient to cause anarc.

Valvetypearrester-

v" Such type of resistor is called nonlinear diverter. It essentially consists a divided spark gap in series
with a resistance element having the nonlinear characteristic.

Line

Line
connection

Ll
Sparks.<_. 1'2 Nonlinear
Gap —~— I— (High resistance

§7d Series resistors)
@ —Z}.
Nonlinear L —
(Lower —’1_2 — Porcelain or Pyrex
Resistance [ glass Housing
Series — 1
Resistors)

Valve Type Lightning Arrester

v The divided spark gap consists of some identical elements coupled in series. Each of them consists
two electrodes with the pre-ionization device. Between each element, a grading resistor of high

ohmic value is connected in parallel.
Line ___—

/
Sparks Gaps
And Grading
- Resistors Block

Set of
Resistor

" Valve Type Lightning
Arrester

v During the slow voltage variations, there is no sparks-over across the gap. But when the rapid
change in voltage occurs, the potential is no longer evenly graded across the series gap.
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v The influence of unbalancing capacitance between the sparks gaps and the ground prevails over the
grounded resistance. The impulse voltage is mainly concentrated on the upper spark gap which in
spark over cause the complete arrester to spark over to.

TypesofSurgeAbsorber:

DifferentTypesofSurgeAbsorberare

1. CondenserorCapacitorSurgeAbsorber
2. InductorandResistanceSurgeAbsorber
3. FerrantiSurgeAbsorber

1.CondenserorCapacitorSurgeAbsorber:

R
AN
Line Line
I Transformer ——a—LOO 00— Transformer
L
C L
Fig. 24.14 Fig. 24.15

A condenser connected between the line and earth can act as a surge absorber. Fig. 24.14 shows how a
capacitor acts as surge absorber to protect the transformer winding. Since the reactance of a condenser is
inversely proportional to frequency, it will be low at high freequency and high at low frequency. Since the
surges are of high frequency, the capacitor acts as a short circuitand passes them directly to earth. However,
for power frequency, the reactance of the capacitor is very high and practically no current flows to the
ground.

2. InductorandResistanceSurgeAbsorber:

Another Types of Surge Absorber consists of a parallel combination of choke and resistance connected in
series with the line as shown in Fig. 24.15. The choke offers high reactance to surge frequencies
(XL=2nfL). The surges are, therefore, forced to flow through the resistance R where they are dissipated.

3. FerrantiSurgeAbsorber:

Fig24.16showsthe TypesofSurgeAbsorber.ItiscalledFerranti surgeabsorber.Itconsistsofanaircored inductor
connected in series with the line. The inductor is surrounded by but insulated from an earthed metallic sheet
called dissipator.
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Thisarrangementisequivalenttoatransformerwithshort-circuitedsecondary. Theinductorformsthe primary
whereas the dissipator forms the short-circuited secondary.

Theenergyofthesurgeisusedupintheformofheatgeneratedinthedissipatorduetotransformeraction. This type
of surge absorber is mainly used for the protection of transformers.

Metal sheetl
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UNIT-
8STSTICRELA
Y

Definition: The relay which does not contain any moving parts is known as the static relay. In such type of
relays, the output is obtained by the static components like magnetic and electronic circuit etc. The relay
which consists static and electromagnetic relay is also called static relay because the static units obtain the
response and the electromagnetic relay is only used for switching operation.

AdvantagesofStaticRelay
Thefollowingarethebenefitsofstaticrelays.

1. The static relayconsumes very lesspowerbecause of which the burdenonthe measuringinstruments
decreases and their accuracy increases.

2. Thestaticrelaygivesthequickresponse,longlife,highreliabilityandaccuracyanditisshockproof.
3. Theresettimeoftherelayisveryless.

4. Itdoesnothaveanythermalstorageproblems.

5. Therelayamplifiestheinputsignalwhichincreasestheirsensitivity.

6. Thechanceofunwantedtrippingislessinthisrelay.

7. Thestaticrelaycaneasilyoperateinearthquake-proneareasbecausetheyhavehighresistancetoshock.

InstantaneousOvercurrentRelays-

Input Trip
current|  Input Rectifier | Level : Qutput | signal
e Amplifier — : =g

=
Transformer—) Filter Detector K

v" TheblockschematicdiagramofthestaticinstantaneousOvercurrentrelayisshowninthefigure.

v The current derived from the CT is fed to the input transformer which gives a proportional output
voltage.

v The input transformer has an air gap in the iron core to give linearity in the current / voltage
relationship up to the highest value of current expected and is provided with tapping onits secondary
winding to obtain different current settings.

v The output voltage of the transformer is rectified througha rectifier and then filtered at a single stage
to avoid undesirable time delay in filtering, so as to ensure high speed of operation.

v A limit made of a zener diode is also incorporated in the circuit to limit the rectified voltage to safe
values even when the input current is very high under fault conditions. A fixed portion of the
rectifiedandfilteredvoltage(throughapotential divider) iscomparedagainsta presetpick-upvalue
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by a level detector and if it exceeds the pick-up value, a signal through an amplifier is given to the
output which issues the trip signal.

v Theoutputdevicemayeitherbeastaticthyristorcircuitoranelectromagneticslaverelay.

IDMTrelay:

Load Derived Current

,#
I

= Plug Bridge

h{\(\f\

Al

A\

“:.:;}4 To Trip Circuit

< Aluminium Disc

onn
XX
\SA~Av]
o
) VUV
i

< Closed Winding

Helical Spring

Accurate inverse time delay characteristics are provided by an induction type relay constructed
similar to that of a domestic wattmeter or reverse power relay.

Current in the main winding is obtained through a current transformer from the alternator input to
the switchboard. The main winding is tapped and the taps are brought out to a plug bridge for
selection of different settings.

Alternating current in themain winding on the Centre leg ofthe upper laminated iron core produces a
magnetic field that in turn induces current in the closed winding.

The magnetic field associated with the closed winding is displaced from the magnetic field of the
main winding and the effect on the aluminum disc is to produce changing eddy currents in it.

The tendency for the disc to rotate is prevented by a helical restraining spring when normal currentis
flowing. Excessive current causes rotation against the spring. A moving contact on the spindle
rotates about half a turn. The two fixed contacts are bridged and the tripping circuit is closed.
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