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UNIT1

LOADMODELLINGANDCHARACTERISTICS











UNIT2
DistributionSystem

Thatpartofpowersystemwhichdistributeselectricpowerforlocaluseisknownasd

istribution system.

Ingeneral, thedistributionsystemistheelectricalsystembetweenthesub-stationfed by the 

distrubution system and the consumers meters. It 

generallyconsistsoffeeders,distributorsandtheservice mains.

(i) Feeders. A feeder is a conductor which connects the sub-station 
(orlocalisedgeneratingstation)totheareawherepoweristobedistributed. 
Generally, no tappings are taken from the feeder so that current in 
itremains the same throughout. The main consideration in the design 
of afeederisthe current carryingcapacity.

(ii) Distributor. A distributor is a conductor from which tappings are taken 
forsupply to the consumers. In Fig. 12.1, AB, BC, CD and DA are the distributors. 
Thecurrent through a distributor is not constant because tappings are taken at 
variousplaces along its length. While designing a distributor, voltage drop along 
itslengthisthemainconsiderationsincethestatutorylimitofvoltagevariationsis
±6%ofratedvalueattheconsumers’terminals.

(iii) Servicemains.Aservicemainsisgenerallyasmallcablewhichconnectsthedistrib 
utortothe consumers’terminals.

ClassificationofDistributionSystems

Adistributionsystemmaybeclassifiedaccordingto;

(i) Natureofcurrent.Accordingtonatureofcurrent,distributionsystemmaybecl 
assifiedas(a)d.c.distributionsystem(b)a.c.distributionsystem.



Now-a-days,a.c.systemisuniversallyadoptedfordistributionofelectricpowerasitissimplerand 

moreeconomicalthandirectcurrent method.

(ii) Type of construction. According to type of construction, distribution 
systemmaybeclassifiedas(a)overheadsystem(b)undergroundsystem.

Theoverheadsystemisgenerallyemployed fordistributionasit is5to 10timescheaperthanthe 

equivalent underground system. In general, the undergroundsystem is used at places where 

overhead construction is impracticable or prohibitedbythe locallaws.

(iii) Schemeofconnection.Accordingtoschemeofconnection,thedistributionsyst 
em may be classified as (a) radial system (b) ring main system (c) inter-
connectedsystem.Eachschemehasitsownadvantages anddisadvantages

A.C.Distribution

• Now-a-
dayselectricalenergyisgenerated,transmittedanddistributedintheformof 
alternatingcurrent.

• Alternating current in prefered to direct current is the fact that 
alternatingvoltagecanbeconvenientlychangedbymeansofatransformer.

• Highdistrubutionanddistributionvoltageshavegreatlyreducedthecurrentint 
he conductors andthe resulting line losses.

• Thea.c.distributionsystemistheelectricalsystembetweenthestepdownsub 
stationfed bythedistrubution systemandtheconsumers’meters.

Thea.c.distributionsystemisclassifiedinto

(i) primarydistributionsystemand

(ii) secondarydistributionsystem.

PRIMARYDISTRIBUTIONSYSTEM.

• Itisthatpartofa.c.distributionsystemwhichoperatesat voltages 
somewhathigherthangeneralutilisationthantheaveragelow-
voltageconsumeruses.

• Themostcommonlyusedprimarydistributionvoltagesare11kV,6·6kVand3·



3 kV



• Primarydistributioniscarriedoutby3-phase,3-wiresystem.

• Fig.showsatypicalprimarydistributionsystem.
• Electricpowerfromthegeneratingstationistransmittedathighvoltage 

tothe substation located in or near the city. At this substation, voltage 
issteppeddownto 11kV withthe helpofstep-downtransformer.Power 
issupplied to various substations for distribution or to big consumers at 
thisvoltage.Thisformsthehighvoltagedistributionorprimarydistribution.

SECONDARYDISTRIBUTIONSYSTEM.

• Itisthatpartofa.c.distributionsystememploys 400/230V,3-phase,4-
wiresystem.

• showsatypicalsecondarydistributionsystem.
• Theprimarydistributioncircuitdeliverspowertovarioussubstations, 

calleddistribution substations. The substations are situated near the 
consumers’localities andcontain stepdowntransformers.

• Ateachdistributionsubstation,thevoltageissteppeddownto400V 
andpowerisdeliveredby3-phase,4-wire a.c.system.

• Thevoltagebetweenanytwophasesis400Vandbetweenanyphase 
andneutral is230V.



• Thesinglephasedomesticloadsareconnectedbetweenanyonephase 
andtheneutral,.

• Motorloadsareconnectedacross3-phaselinesdirectly.

D.C.Distribution

• Forcertainapplications,d.c.supplyisabsolutelynecessary.d.c.supplyisrequi 
red for the operation of variable speed machinery (i.e., d.c. 
motorsstoragebattery.

• For this purpose,a.c. power is converted into d.c. power at the substation
byusing converting machinery e.g.,mercury arc rectifiers, rotary converters
andmotor-generatorsets.

Thed.c.supplyobtained inthe formof(i)2-wireor(ii)3-wire 
fordistribution.

2- WIRED.C.SYSTEM

• Asthenameimplies,thissystemofdistributionconsistsoftwowires.
• Oneistheoutgoingorpositivewireandtheotheristhereturnor 

negativewire.
• Theloadssuchas lamps,motorsetc.areconnectedinparallelbetweenthetwo 

wiresasshowninFig.

• Thissystemisneverusedfordistrubutionpurposesduetolow 
efficiencybut maybeemployedfordistributionofd.c.power.

3- wired.c.system.

• Itconsistsoftwooutersandamiddleorneutral 
wirewhichisearthedatthesubstation.

• Thevoltagebetweentheoutersistwicethevoltagebetweeneitherouteran 
d neutral.

• Theprincipaladvantageofthissystemisthatitmakesavailabletwov 
oltagesattheconsumer terminals,

• Vbetweenanyouterandtheneutraland2Vbetweentheouters.



• Loadsrequiringhighvoltage(e.g.,motors)areconnectedacrossthe
outers,whereaslampsandheatingcircuitsrequiringlessvoltageare
connectedbetween eitherouter and the neutral.

ComparisonofD.C.andA.C.distribution

Theelectricpowercanbedistributedeitherbymeansofd.c.ora.c. Each 

systemhasitsownmeritsanddemerits

1. D.Cdistribution

Advantages.

(i) Itrequiresonlytwoconductorsascomparedtothreefora.c.distribution.
(ii) Thereisnoinductance,capacitance,phasedisplacementandsurgeproblemsin
d.c.distribution.

(iii) Duetotheabsenceofinductance,thevoltagedropinad.c.distributionline

islessthan the a.c.lineforthesameload andsendingendvoltage.Forthis reason,a
d.c.distributionlinehasbettervoltageregulation.

(iv) There is noskineffectina d.c.system.Therefore,entirecross-sectionof 
thelineconductorisutilized.
(v) Forthesameworkingvoltage,thepotentialstressontheinsulationislessincase 
of d.c. system than that in a.c. system. Therefore, a d.c. line requires 
lessinsulation.
(vi) Ad.c.linehaslesscoronalossandreducedinterferencewith 
communicationcircuits.
(vii) Thehighvoltaged.c.distrubutionisfreefromthedielectric
losses,particularlyinthecaseof cables.
(viii) Ind.c.distrubution,therearenostabilityproblemsandsynchronisingdiffi 
culties.

Disadvantages

(i) Electricpowercannotbegeneratedathighd.c.voltageduetocommutationpro 
blems.
(ii) Thed.c.voltagecannotbesteppedupfordistrubutionofpowerat 
highvoltages.
(iii) Thed.c.switchesandcircuitbreakershavetheirownlimitations.



2. A.C.distribution

Advantages

(i) Thepowercanbegeneratedathighvoltages.
(ii) Themaintenanceofa.c.sub-stationsiseasyandcheaper.
(iii) Thea.c.voltagecanbesteppeduporsteppeddownbytransformerswith easeand 
efficiency. This permits to transmit power at high voltages and distribute it
atsafepotentials.

Disadvantages

(i) Ana.c.linerequiresmorecopperthanad.c.line.
(ii) Theconstructionofa.c.distrubutionlineismorecomplicatedthanad.c.distr 
ubution line.
(iii) Duetoskineffectin 
thea.c.system,theeffectiveresistanceofthelineisincreased.
(iv) Ana.c.linehascapacitance.Therefore,thereisacontinuouslossofpowerdueto 
chargingcurrent evenwhentheline is open.

OVERHEADVERSUSUNDERGROUNDSYSTEM

• Thedistributionsystemcanbeoverheadorunderground.
• Overheadlinesaregenerallymountedonwooden,concreteorsteelpoleswh 

ich are arranged to carry distribution transformers in addition to 
theconductors.

• Theundergroundsystemuses 
conduits,cablesandmanholesunderthesurfaceof streetsandsidewalks.

Thechoicebetweenoverheadandundergroundsystemdependsuponanumber 

ofwidelydifferingfactors.

(i) Public safety. The underground system is more safe than overhead 
systembecausealldistributionwiringisplacedundergroundandtherearelittlechances 
ofanyhazard.

(ii) Initial cost. The undergroundsystem is more expensive due to the high cost 
oftrenching,conduits,cables,manholesandotherspecialequipment.Theinitial 
costof an underground system may be five to ten times than that of an 
overheadsystem.

(iii) Flexibility. The overhead system is much more flexible than the 
undergroundsystem. In the latter case, manholes, duct lines etc., are 
permanently placed 
onceinstalledandtheloadexpansioncanonlybemetbylayingnewlines.However,ona



noverheadsystem,poles,wires,transformersetc.,canbeeasilyshiftedto 
meetthechangesinloadconditions.



(iv) Faults. The chances of faults in underground system are very rare as 

thecablesarelaidundergroundandaregenerallyprovidedwithbetterinsulation.

(v) Appearance.Thegeneralappearanceofanundergroundsystemisbetterasallthe 
distribution lines are invisible. This factor is exerting considerable 
publicpressureonelectricsupplycompaniestoswitch overtoundergroundsystem.

(vi) Fault location and repairs. In general, there are little chances of faults in 
anunderground system. However, if a fault does occur, it is difficult to locate 
andrepaironthissystem.Onanoverheadsystem,theconductorsarevisibleandeasilya 
ccessiblesothatfault locationsand repairs canbeeasilymade.
(vii) Current carrying capacity and voltage drop. An overhead 
distributionconductorhasaconsiderablyhighercurrentcarryingcapacitythananunde 
rgroundcable conductor of the same material and cross-section. On the other 
hand, underground cable conductor has much lower inductive reactance than 
that of anoverhead conductorbecauseofcloser spacingofconductors.

(viii) Usefullife.Theusefullifeofundergroundsystemismuchlongerthanthatofan 
over head system. An overhead system may have a useful life of 25 
years,whereasanundergroundsystemmayhaveausefullifeofmorethan50years.

(ix) Maintenancecost.Themaintenancecostofundergroundsystemisverylowascom 
pared with that of overhead system because of less chances of faults 
andserviceinterruptionsfromwind,ice,lightning as wellas fromtraffichazards.

(x) Interference with communication circuits. An overhead system 
causeselectromagnetic interference with the telephone lines. The power line 
currentsaresuperimposedonspeechcurrents,resultinginthepotentialofthe 
communicationchannelbeingraisedtoanundesirablelevel.However,thereis no 
suchinterferencewiththeunderground system.

Itisclearfromtheabovecomparisonthateachsystemhasitsownadvantagesanddisadvantage

DESIGNCONSIDERATIONSINDISTRIBUTIONSYSTEM

Good voltage regulation of a distribution network is probably the most importantfactor

responsible for delivering good service to the consumers. For this purpose,designoffeeders

anddistributorsrequirescarefulconsideration.



(i) Feeders.Afeederisdesigned fromthepointofviewofits current 
carryingcapacity while the voltage drop consideration is relatively 
unimportant.Itisbecausevoltagedropinafeedercanbecompensatedby 
means of voltageregulating equipmentat thesubstation.

(ii) Distributors. A distributor is designed from the point of view of the 
voltagedropinit.Itisbecauseadistributorsuppliespowertotheconsumersandthereis 
astatutory limit of voltage variations at the consumer’s terminals (± 6% of 
ratedvalue).Thesizeand lengthofthedistributorshouldbesuchthat voltageatthe 
consumer’sterminalsiswithinthepermissiblelimits.

REQUIREMENTSOFADISTRIBUTIONSYSTEM

requirementsofagooddistributionsystemare:propervoltage, availability 

ofpowerondemandandreliability.

(i) Proper voltage. One important requirement of a distribution system is 
thatvoltage variations at consumer’s terminals should be as low as possible. 
Thechanges in voltage are generally caused due to the variation of load on the 
system.Lowvoltagecauseslossofrevenue,inefficientlightingandpossibleburningout 
ofmotors. High voltage causes lamps to burn out permanently and may cause 
failureof other appliances. Therefore, a good distribution system should ensure 
that thevoltage variations at consumers terminals are within permissible limits. 
Thestatutory limit of voltage variations is ± 6% of the rated value at the 
consumer’sterminals. Thus, if the declared voltage is 230 V, then the highest 
voltageoftheconsumershouldnotexceed244Vwhilethelowestvoltageofthe 
consumershould notbelessthan216V.

(ii) Availability of power on demand. Power must be available to the 
consumersinanyamountthattheymayrequirefromtimeto time.Forexample, 
motors maybestartedorshutdown,lightsmaybeturned 
onoroff,withoutadvancewarningtothe electric supply company. As electrical 
energy cannot be stored, therefore, thedistribution system must be capable of 
supplying load demands of the consumers.This necessitates that operating staff 
must continuously study load patterns 
topredictinadvancethosemajorloadchangesthatfollowtheknownschedules.

(iii) Reliability. Modern industry is almost dependent on electric power for 
itsoperation.Homesandofficebuildingsarelighted,heated,cooledandventilatedbyel



ectric power. This calls for reliable service. Unfortunately, electric power, 
likeeverything elsethatisman-made,canneverbeabsolutelyreliable.However,the



reliabilitycanbeimprovedtoaconsiderableextentby(a)interconnectedsystem 

(b)reliableautomaticcontrolsystem(c)providingadditionalreservefacilities.

CONNECTIONSCHEMESOFDISTRIBUTIONSYSTEM

(i) RadialSystem.
• Inthissystem,separatefeedersradiatefromasinglesubstationandfeedthedist 

ributorsatoneendonly.

• Fig.(i)showsasinglelinediagramofaradialsystem
• ford.c.distributionwhereafeederOCsuppliesadistributorABatpointA.

• distributorisfedatoneendonlyi.e.,pointAisthiscase.

• Fig.(ii)showsasinglelinediagramofradialsystemfora.c.distribution.



• Thisisthesimplestdistributioncircuitandhasthelowestinitialcost.
DRAWBACKS:

(a) The end of the distributor nearest to the feeding point will be heavily loaded.(b any fault 

onthe feeder or distributor cuts off supply to the consumers who areonthe sideofthe fault. 

(c)Theconsumersatthedistantendofthedistributorwouldbesubjectedtoseriousvoltagefluctu 

ationswhentheloadonthedistributorchanges.

Duetotheselimitations,thissystemisusedforshortdistancesonly.

(ii) Ringmainsystem.

• Inthissystem,theprimariesofdistributiontransformersformaloop

• .Theloopcircuitstartsfromthesubstationbus-bars,makesaloop 

throughthearea tobeserved,andreturnstothe substation.

• Fig. 12.9 shows the single line diagram of ring mainsystem for 

a.c.distributionwheresubstationsuppliestotheclosedfeederLMNOPQRS.

• Thedistributorsaretappedfromdifferentpoints M,OandQofthe 

feederthroughdistributiontransformers.

ADVANTAGES:

(a) Therearelessvoltagefluctuationsatconsumer’sterminals.
(b) Thesystemisveryreliableaseachdistributorisfedvia*twofeeders.In 
theeventoffault onanysectionofthefeeder,thecontinuityofsupplyismaintained.



called
bytwoor

inter-

(iii) Interconnectedsystem.

• Whenthefeederringisenergised 
morethantwogeneratingstationsorsubstations,itis 
connectedsystem.

• Fig. 12.10 shows the single line diagram of interconnected system where
theclosed feeder ring ABCD is supplied bytwo substations S1 and S2 at
points DandCrespectively.

• Distributors are connected to points O, P, Q and R of the feeder ring 
throughdistribution transformers.

ADVANTAGES:

(a) Itincreasestheservicereliability.
(b) Anyareafedfromonegeneratingstationduringpeakloadhourscanbefedfrom 
the other generating station. This reduces reserve power capacity
andincreases efficiencyof the system.

A.C.DISTRIBUTIONVOLTAGECALCULATIONS

In a.c. distribution calculations, power factors of various load currents have to 

beconsideredsincecurrentsindifferentsectionsofthedistributorwillbethevectorsum of load 

currentsandnotthearithmeticsum. Thepowerfactorsofloadcurrentsmaybegiven(i) w.r.t. 

receiving or sending end voltage or (ii) w.r.t. toloadvoltageitself.Each caseshallbediscussed 

separately.

(i)Powerfactorsreferredtoreceivingend

voltage. Considerana.c. distributorAB withconcentratedloadsofI1andI2tappedoffat points C and 

B as shown in Fig. Taking the receiving end voltage 

VBasthereferencevector,letlaggingpowerfactors at Cand BbecosØ1 and cosØ2

w.r.t.VB.



LetR1,X1 andR2,X2 betheresistanceand reactanceofsectionsACandCB 

ofthedistributor.













UNIT3

Assumptions









BusSchemes

Thesubstationdesignorschemeselecteddeterminestheelectricalandphysicalarrangementof

theswitchingequipment.Differentbusschemescanbeselectedasemphasisisshiftedbetweent

hefactorsofsafety,reliability,economy,andsimplicitydictatedbythefunctionandimportanceoft

hesubstation.

Thesubstationbusschemesusedmostoftenare:

1. Singlebus

2. Mainandtransferbus

3. Doublebus,singlebreaker

4. Doublebus,doublebreaker

5. Ringbus

6. Breakerandahalf

Someoftheseschemesmaybemodifiedbytheadditionofbus-

tiebreakers,bussectionalizingdevices,breakerbypassfacilities,andextratransferbuses.



Singlebuabarschemenameitselfindicatesthatitconsistsofonlyonebusbar











UnitIV

VOLTAGEDROPANDPOWERCALCULATIONSFORATHREEPHASEBALENCEDPRIMARYL

INES









CAUSESOFLOWPOWERFACTOR

Lowpowerfactorisundesirablefromeconomicpointofview.Normally, thepowerfactorof 

thewholeloadonthesupplysysteminlowerthan0·8.

Thefollowingarethecausesoflowpowerfactor:



(i) Mostofthea.c.motorsareofinductiontype(1and3inductionmotors)whichhave 
low lagging power factor. These motors work at a power factor which 
isextremelysmall onlight load (0·2to0·3)and rises to 0·8 or0·9 atfullload.

(ii) Arclamps,electricdischargelampsandindustrialheatingfurnacesoperateatlowl 
aggingpower factor.

(iii) The load on the power system is varying ; being high during morning 
andevening and low at other times. During low load period, supply voltage 
isincreasedwhichincreasesthemagnetizationcurrent.Thisresultsinthedecreasedp 
owerfactor.
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