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CHAPTER

GENERATIONFELECTRICITY

HYDR@ELECTREOWERLANT

Hydro ElectricPower ¢ Thepower obtainedfrom Energyof Fallingwater is Knownashydro

ElectricPower.

HYDR@LECTREFOWERPLANT

The power Plant Which generates Electrical Energy by utilizing the potential energy of
water at high level called hydro electric power plant i.e. the potential energy stored in water is
converted to kinetic energy again that Kinetic Energy is converted to Mechanical energy by
allowing waterthrough hydraulic turbine runner & finally mechanical energy is used to run

generatorsOR alternatorWhichcoupled with turbine shaft Mathematically
Electricpower (P)=2 v | §9.81x1G KW
W=Sp.Weightof water in Kg/m?
Q= Rate of flow of water #iSec
H=Height or head in meter
3 [Efficiencyof power plant

HYDROLOGICAIYCLE:

The process by which moistures from the surface of water bodies covering the earth

surfacetransferredto the land& backto the water bodiesagain calledhydrologicalkcycle.

HYDROLOGY:

The study of hydrological cycle is called hydrology i.e. Hydrology deals with occurence

distribution ofwater over &under the earth surface.
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Somedefinition

a. Precipitation
It may be defined asthe total condensesatiorof the moisturethat reachthe

earthsurfacein anyfrom i.e. ice, hail. Sleet de forestation etc.
b. Evaporation

Theprocessby which all the rainfall is return to the atmospherefrom the land

&water surfaces calle@évaporation.
Evaporationincludesevaporationfrom land & water surfaces.Evaporation
bytransmission& atmosphericevaporation
c. Runoff

It maybe defined aghe pat of precipitation whichs availableas streanflow i.e.

Runoff=Totalprecipitation¢ Totalevaporation

HYDRGsRAPH

It is graphical representation of discharge or flow with the time. Here flow is in ordinates

in height number of fisec X ki or K.Watt. & time as abscissa In hour ,day, week, month or

year.
A
Flow
Ordinate
Abscissa
"I‘
FLOWDURATIONCURVE:

It isthe graphbetween flows& length of time duringwhichthey are available.
4

Flow

» Length of Time (Available Flow)
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MASSCURVE:

Thecurvewhich indicateghe total volume ofrun-off in M3 of to a certain time.

STORAGE:

Generallywater flows excessduring one seasonsk lessduring another.Soit is madeto

providewater constantly.

PONDAGE

Thewater storageif presentat far awayfrom power plant then a smallpond is required

nearthe power plant to providenourlychanges in power demand.

HYDR@GELECTREOWER STATION

The power station which convert the kinetic energy of water in electrical energy
are calledhydro electric power station.

VALVE House
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ELEMENTGFHYDR@LECTREFOWEHRLANT

Storagereservoir

e.

It storeswater during excesslow periods (RainySeasonsg suppliedthe
samaluringleastflow of periods i.e. (drgeasons)

It canbe either naturali.e. lake or artificial made by constructiondam acrossthe
river.
Dam ¢ It is the most expensive & important part which is built up concrete or stone
masonry earth or rock fill. It is not only raise the water surface by creating artificial head
but providepondageor storage.
Fore bay - It serves as regulating reservoir storing water temporary during light load
period & providing same during increased load period i.e. it is either a pond behind the
diversion dam or an enlarge section of canal spread out to accommodate required with
of intake.
Spillway : These are constructed to discharge the over flow water to the downstream.

When the reservoirs full. Generallyt acts as safetyalve duringlood situation.

Intake :- Generallyintakeincludesheadworks i.e. structure at the intake the conduits

& tunnel or flumes which are res possible for diverting & prevenginigy of debrig iceinto

the turbines.Thesestructures include®ooms,screams, rocks mluices.

SURGHANK:

Surge tank regulates & maintains required pressure in the penstock. Because during light
load pressure in the penstock becomes more even if which can burst the penstock but surge tank
reduces the pressure by raising water level inside it. Similarly during the low pressure additional

water flows provided byt. So search tank stabilizke velocity& pressuren the penstock.

VALVE. GATES:

Generallythesearefitted at Entranceto the turbine duringin section& repairingthese

are shut off.
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TAILRACE :

The water from turbine is discharged to the tail race generally tail race may bestseam

or anotheronebut design& sizeof tail raceshould besearch thatwvater are free exist.

PRIMEMOVERS WATER TURBINES

In hydro power plant water turbines are used as prime movers which convert kifredigy
of waterinto mechanicaénergywhichisfurther utilizedto drivethe alternatorsgeneratingelectric

at energy.

SELECTIODFSIDEH-ORHYDR@ELECTREOWERPLANT

Theseare somefactors which are takenin to considerationfor the selectionof site

forhydroelectricpower planti.e.

1. Availability of water :

Hydro electric power plant shouldbe built where there adequatewater availableat

goofheador hugequantity of water is flowingacross a given point

WATERSTORAGE:

For continuous supply of water. The water storage in suitable reservoir at heightldmg of dam
across the river is essential so convient accommodation for the erection of ped&aservoimust

be available.

WATERHEAD:

It has a considerable effect on the cost & economy of power generation i.e. an increfsicigye
head reduces the quantity of storage water & handle by pen stock screens & tussnd#ing

reduction in cost.

DISTANCEROM_OADCENTRE:

Generallythese plant locate far away from load center so roots & distancesaffects
oneconomicaltransmission.
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ACCESSIBILID¥SIZE:

It requiresadequatetransportationfacilitiesfor easytransportationrequiredequipment&

machine

AVAILABILITOFLAND:

Thelandavailablemostbe cheap& rockyto with stand largebuilding& machinery.

1. Nofuelis requiredby such plantbecause wateisthe sourceof energy.

2. It ishighlyreliable &cheapesi& operation& maintenance

3. No. Stand byloss &variable load demandan meeteasily

4. Goodlonger life &robust.

5. Efficiencydoesnot fall with age & it hasneat & cleanenvironmentdue to absence

ofsmoke& ask.
6. In additionto generation ofprovidesirrigation flood control on navigation.

Demerits:-

1. It coverslargearea.

2. Constructionalcost is very high along with it requireslong transmissionline asit far
awayfrom load centre.

3. ItsO/Pisuncertain

STEAMPOWERPLANTORTHERMAPOWEHRPLANT

The power plant which generateselectricalenergyfrom the combustionof coal

calledsteampower plant
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ELEMENTGFTHERMAL POWHERANT

1. STEAMGENERATINBQUIPMENT:

a. Boller:- It is a major part of thermal power plant which convert water into steam. It is of
two types fire tube boilers & water tube boilers in fire tube boilers the tubes containing
hot gassesof combustion surroundedwith water while in water tubes water inside
thetube while hot gasses outside.

b. Boiler furnace: Boiler furnace is a chamber in which fuel is burnt to liberate the heat
energyit also provides support &nclosures focombustion equipment i.e. burner.

C. Super heater & reneater - A superheated is a device which removes the last traces of
moisture from saturated steam leaving a boiler tubes & also increase its temp. above the
saturationtemp.

Reheater :-
It re-super heat the partly expanded steam from the turbine resulting dryness of

steamup to last stagef turbine

d. Economizel& Airprecheater :-

Those are such devices which recover the heat from the flue gases on their way to

chimney& raise thetemp. offeedwater. & air supplied focombustion.

2. CONDENSER:

Steam after explanation through prime movers goes through condenser which
condenses the exhaust steam & also removes air & other unwanted gases from steam

while passinghrough them.
It isup two types.

1. Jetor contactcondenser
& surfacecondenser
3. EVAPORATOR
These are employed for feeding pure water to steam power plant by evaporating

raw water.
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4. FEEDWATERHEATER

Theseheat the feed water by meansof bled steam before supplyto the

boilerwhichdissolves improvefficiency.

5. PRIMEMOVER:

It convertsthe stored energyin steaminto rotational mechanicalenergy. It
iseither reciprocatingor turbines.Now raisesonly steam turbineare use agrime

movers.

WORKIN@RINCIPLEFSTEAMPOWEHRPLANT-:

Theworkingof thermal power plant canbe summarizedas befollows.

FUEI& ASHCKT:-

Generally heavy amount of fuel i.e. coal is stored in coal storage his again transédetdurnace
through coal handling plant. Where gates pulverization. After combustionreékaltingash get

transferto ash storagé¢o ashhandlingplant.

AIR& FLUE GASKT-

Here, atmospheric air is drawn by forced draught fan or induced draught fan through air
preheatedin which air is heatedby heat of flue gasespassingo chimney& finally air is passed
to furnace. Similarly, flue gas after passing through boiler & super heater drawn by induced
draught fan via dost collector (Precipitator). Economizer & Airpre heater) Finally Exhausted to

the atmosphereto the chimney.

FEEDWATERSTEAMCKT:

Generally steam coming from boiler is wet & having high pressure, which again dried &
further super heated by super heater & supply to steam turbine through main valve where it

givedeatenergy& passes through condenser.
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Now, the condensate steam is extracted from the condensethe low pressure feed

water by condensate extraction pumpVhere is gets heats up at low pressure & pump to high

pressure water heater througbeaerator & finally to boiler through economizer where it get

again heat of by heats of flue gpassingt on the wayof chimney Herethe functiondeaerator

reducesdissolvedoxygenin the condensatesteam.

Generally a small part of steam & water is passing through different components are

lossed.So wateris addedto feedwater as makeip water by makeup watettreatment.

COOLINGVATER CKT :

The cooling water is supply from the natural source of supply i.e. river, lake cantiretgh

screensto remove the matter that might chokecondensertube. The circulation ofcooling

water maintenancdow pressuren condenser.

SELECTIODFSITHFORTHERMAPOWERPLANT-

w ~ wDd e

Therearedifferent factorswhich governthe site selection.

Nearto the loadcenter -

It locates neathe load centemresultinglow transmissions cos loss.

Supplyof water :-

Largequantity of waterisrequired
Toraisesteamin boilers.
Forcooling

Forcarryingdisposal of Ash.

Fordrinking

Availability of coal ;-

It required huge amount of coal so plants are located near the coal minesto avoide

thetransportof coal & ash.

Loadrequirement :-

Landis requiresnot only for settingof plant but alsoother purposesor staff colony,

coaktorageash disposal etc.

10
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TRANSPORTATIGHNCILITIES:

Thesefacilitiesmost be availablefor trans potation of heavyequipment& fuelsi.e. nearailway

station.

Merits :-

1
2
3.
4

Thefuel (i.e. coal) useds quite cheap.
Cheapeiin initial cost incomparisorto the other plant.
Lessspaceisrequiredin comparisorto hydropowerplant.

Suchplant con be installed at any place where as hydro electric plants can only

bedevelopedat sourceof water.

5.

A portion of steamraisedcanbe usedas processsteamin variousindustrieslike

papemill, sugar mill, chemical o retc.

Demerits:-

o w0 Dh e

Highmaintenance &operatingcost.

Pollutionof atmospheredueto fumes &residues
Consumptiorof hugeamountof water.
Handlingof coal& disposal ofash inquite difficult

Troublesfrom smoke& heatfrom the plant.

NUCLEAROWERPLANT-

The power plant which generateselectricity by utilizing the vast energyreleased

fromnuclear fission reaction is known as nuclear power.

NUCLEARISSION

Thenuclearreactionin which a heavynucleusis splitedin to smallnucleusis splited in
to small nuclei with liberation of vast energy by bombardment of neutron is known as Nuclear

FissiorReaction.

Eg chemicalreaction

11
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92U 235 +nt A 56Bal3® +36KP4+3nt + Energy

02U % +ont A 9oMO' 45058+ ,0n' + Energy.
Note :-
1 kgof naturaluranium giveenergyequivalentto combustionof 10.500kg ofcoal i.e.
0.7/100x 3x 1P x 0.5 Joule

NUCLEARHAINREACTION :

It may be defined as a fission reaction where the neutrons from a previous step corpitayiggate

& repeat thereaction i.e.

Componentf the nuclearpower plant :-

a. NuclearReactor:-
It is the main part of nuclear power plant which is very similar to boiler of thermal power

plant it has followingcomponent.

1. Reactorcore:-

It contains a number of fuel rods made of3®) U234 3 etc. as uranium gets oxidised
rapidlysofuel rods cladvith aluminum stainlessteel or zirconium.

2. Moderator :
The moderator moderate or reducesthe neuronsspeedto a value that increasethe
probability or fissionreactor. Theelements which are used asnoderator in nuclear

reactorarehydrogen deuteriunHe, Li, oxygencarbonheavywater etc.

3. ControlRods:

The control rods which are made of Borb@ cadium or Hafnium are inserted in to

nuclear reactor from the top of reactor vessels.The control rods control rate of
thenuclearfissionreaction by absorbingneutrons. It can be inserted or taken out as
according to requirement i.e. if we need increased rate of reaction we have to taken out

&viceverse.

12
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4. Coolant:-

It is the medium through which heat generated in the reactor is transferred to the heat

exchanger &t also keeps the reactor at desired temp.
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Thematerial like air He,H & CQ amongstthe gasedight or heavywater amongstthe
liquid or molten sodiunor lithium amongst themetal used as coolant.

Heat Exchanget-In heat Exchangethe gasis heatedor steamis generatedby utilizing
heatfrom nuclear reactor, herbeatis connected byeat exchanger tubby circulation.
Steamturbine :- The Steamproducein heat exchangelis transferredto steam
turbineghrough steam valvevhereheatenergyis convertedn to mechanicaénergy.
Condenser: The exhaustedsteam from steam turbine is condensedby condenser
&againfeed to heat exchanger ged water pump.

Alternator :- It is coupled to steam turbine & it generate electricity by converting

mechanicaknergyto convert in to electrical energy.

SELECTIODFSITHHORNUCLEAR POWPRANT

Thefactor to be consideredwhile selectinga site for nuclearpower plant for economical

deficientgeneration.

Availability of water supply:-

1.

It requiresmore water i.e. two times of thermal power plant of samerating. Soit
locatedhearthe river, seaside orlake.

Distancefrom populated area:

Generallythesearelocated forawayfrom populated areadueto dangerof radio activity.

Nearnesdo load center -

Thoseplants can béocated near thdoad centerbecauseof absencenf transportation.

Availability of spacefor disposal ofwater :-

Theirshould haveadequate spacé& arrangementfor the disposal ofadio activitywaste.

Typesof land:

Theland shouldbe strong enoughto supportthe heavyreactori.e. 10,000tones

weightwith imposed boardingressure around0 tones /n?

14
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Merits :-
1. Itrequires verysmall fuel.
2. It requireslessareaascomparedto in other plant
3. In additionto generatingpowerit powdervariableFissematerial.
4. It canbelocatedat loadcenterresultingreductionin primarydistribution cost.
5. It hasmosteconomical flexible O/P.
6. Theoperatingcostquite low after installation.

Disadvantages:

Theinitial cost is verynigh ascompared to anyther plant.

It requiredgreatertechnicalknown¢ how forits irrection & commissioningf the plant.
It bi-product is als@adio activity causingdangerous pollution.

Thefuel is used is vergxpensive &lifficult to recover.

Highmaintenance charges

o g~ w N PF

Heavyamount ofwateris needed.

15
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CHAPTER

TRANSMISSIODFELECTREFOWER

Draw layout of transmissionand distribution scheme.

Generally generating stations are situated for away from load centre hence a power supply

network connects thegeneratingstationsto load centre. As followed
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Here power system generally composed of transmission system and distribution system, which
again divided in to primary and secondary (or sub) Generally voltage is generated in 33kv ( in

advancedcountries)11kv (in India) whichf transmitted resultdheavingcurrentandpowerloss.

16
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Which if transmitted results heavy current and power losses. So there are stepped up to a higher
value i.e. 66kv 132kv 220/230kv and 400kv step up transformer present near generating station
and transfer to primary transmission system. Where it step down and transmitted to secondary
transmission. Again voltage is step down to 33kv or 11kv and transmitted to primary distribution
system from where medium large consumers connected and finally voltage step down to 400v at

secondanydistribution system and fed to small consumers.

Voltagerequlation:

It is definedasthe differenceof supply end voltageandrelievingend voltageto the

receivingend voltagen other word.

Thevoltagedrop i.e. difference of secondaryend voltageand receivingend voltage

expresseds a percentagef receivingendvoltagecalled regulation.
Mathematically

% voltage regulation = V¥R/VRX 10/S

= Supplend voltage

VR=Receivinggndvoltage

EFFICIENCY :

It is defined as the ratio of power delivered at the receiving end to the power sent from the

sendingend.

MathematicallyNT=PR/PS X00

=PR/PR L X 100

WherePR=VR.IRCost =Receivingend power

PS=+ { ®L { =Yenddigri power
An overhead3-d Transmissiorine delivers5000kwat 22kv at 0.8 p.f laggingwith resistance

andreactanceof 4-2 and 6-2 respectively Calculatg1l) percentageegulation(2) efficiency.

17
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Solution:
VR=22KV
VPH=H H K=X1L?»700V
ZPH=4+6J
Heresendingvoltage/ phaseVS=Vph +zph
Herel =500x16k K o E Hx9.8 ®6HA
| =164-36.86
SoVS =12700 #64¢ 3686 X 7.2 56.31
=12700 +1180.8 19.45
=12700 +1113.41+] 393.6
=13813.4+J393.6
=13819 1.6
Voltageregulation =VSVR/VRx100
=1381912700/12700x100 8.825%
Efficiency= PR/PR+3R =5000 x100/5000 {3x164x4)=93.94%

PI= Linewesses

YSf dawQa

The law statesthat the most economicalarea of conductoris that for which the

totalannualcost of transmission is minimum
Generallyannual cost splited into two part
a. Annualchargeon capitalout layi.e. P1+ P2 a

b. Annualcost of energyvasted i.e. P3/a

18



GTD, Semestet"4 Diploma Engineering (Electrical & Electronics)

WhereP1,P2andP3areconstantsanda | areaof X- sectionof the conductor.
So, total annual cost (C) = P1a+R/a

Forminimum

DC/DA=0i.e. DIDA(Pa+P1 +R/A)=0

=P-Py/a?=0

P..a=Ps/a

i.e.variablepart ofannual charge Annual cosbf energywasted.

In other word it can be stated that the most economicalareaof conductoris that for which

thevariablepart of annual chargés equal to thecost of energyosses peyear.

Graphically:
PL +Pa0
N
/ Pan
- g Py
< ~ Pa/q
<< l
|
; : e
— Cneteern o wndare @) —>
Limitation :

0] Difficult to estimate the energylossin the line without load curve, which is

19
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notavailableat thetime of estimation.

(i) Annualchargeon capitalout dayi.e. Pi+P a not true Eg- neither the cost of
cablaielectricand heathin undergroundcablesthe costof layingvaryin this
manner.

(i)  Currentdensity,mechanicabktrength,coronalossare not considered.

(iv)  Bythis lowconductor size malge too small tecarrythe necessargurrentsafely.

(V) Interestanddepreciationnot determinedaccurately.

CORONA

The phenomenonof violet glow, hissingnoise and production of zone gasin an

overheadransmissiorine is known as corona.

Thephenomenonof coronais accompanieddy a hissingsoundand production of

ozonggasdueto coronaalso increases.

In caseof polishedand smooth,the coronaglowwill be uniform throughoutthe length

ofthe conductor, otherwisehe roughpoints will appear brighter.

In caseof D.C.Supplythe TVCwire hasuniformly glow. While the -ve conductorhas spotty

glow.

Formationof corona:

Under normal condition, the air around the conductors contain some ionized patrticles like free
electrons and +ve ions and neutral molecules. Due to -®itvket ray and radioactivity applied,

the potential gradient is setup in the air. When the potential gradient at the conductor surface
reaches abut 30 kv per cm the velocity acquired by the free electrons is sufficient to strike a
neutral molecule with enough force to dislodge one or more electrons from it. This produce
another ion and one or more free @ons. Those electrons again collides with the other neutral
moleculesand producesother dons. Thisprocessof ionizationis cumulative.Asa resultcorona

isformed.

Factorsaffectingcorona:

20
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1. Atmosphere:

In stormy weather corona occurs more than in normal weather due to mosthan
the normal weather.

Conductorsize:
Theroughandirregularsurfacewill producemore corona.

Spacinchetween conductors:

If the spacingbetween the conductoris made very large as compareto their

diameterthere maynot be anycoronaeffect

4. Line voltage In lowvoltageno coronaisformed

Criticaldisruptive voltage:

It isthe minimumphaseto neutral voltageat whichcoronaoccurs.

Visualcritical voltage

It isthe minimumphaseneutral voltageat whichcoronaglow appearsall alongthe line

conductors.

Powerlossdueto corona:

Dueto coronaelectric energyis lost. Whichis dissipatedin the form of light, heat, sound

andchemicalaction. Power loss due to coroia

P=242.2(F+25/6)K w K\BVXY x 105 KW/KM/PH

VC=disruptivevoltage/Phase.

Advantages

Reduce®lectrostaticstress betweerthe conductors

Reducedransientdueto surges.

Disadvantages

It reducestransmissiorefficiency

Corrosionof conductor occurslueto ozone

21
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iii. Inductiveinterferencedueto non sinusoidal voltage

Methods reducingcorona:

c
1. Largediaconductor
2. Hollowconductors
3

Bundledconductor

22
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CHAPTER

LINESUPPORTS

Theline supports should havthe followingproperties.

Highmechanicaktrengthto withstandthe weight of conductor andwvind loads.
Lightin weight
Longlife

Cheagpin cost

o W nh e

Easyaccessibilityf conductors maintenance.

Theline supports usedor transmission andlistribution of electricpower aremadein ether wood

,steel,R.C.Cor lattice steel.

WOODENPOLE Woodenpolesare made of woods.this type of polesare usedfor shorter

spans up to 50 meters. Theaee mainlyusedin rural areas.

23



GTD, Semestet"4 Diploma Engineering (Electrical & Electronics)

2. SHACKLINSULATORS:

! g0
S_hacsiia
ot o BNl P

For low voltage line less than 11KV shackle insulators are used as strain inhalators. this is also
known as spodhsulators. itis used in low voltage distribution limes. Such insulatas beused
either in a horizontal position or in a vertical position. They can be directly fixed to theigiole

a bolt or crossrm. Theconductor in the groovés fixed withsoft bindingwire.

Coesote oil are impregnated in the ground level of the wooden pole for better foundation. these
g22RSYy L12tSa KIFIa avYlFttSNIEtATFTS wn G2 Hmsed8SI NI
for voltagehigher than 20kv.

Steelpoles:

The steel poles are used generally for the distribution purpose in the city areas it has high
mechanical purpose in the city areas. It has high mechanical strength with longer life poles. The

outer surfaceof the poleis painted fodlongerlife.

Thesepoles arethree types. g |

1. Railpoles

2. Tabulampoles

3. Rolledsteeljoints

1 D
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R.C.CPOLES
These poles are very popular in recent days. They pro\ § \
Arm BE
longer span than steel and wood poles. They have greater I:\‘ Wti: /77 %
mechanicabtrength with conger life. =
g g § \i_ Insulator
Thesetype of pole require law maintenanceit has good :
insulatingproperties. P i
Thesepolesare heaveweights. Sothe castof transportation

Iy

is high.

STEELOWERS:

For long distance transmission at higher voltage steel tow:

are used. These steel towers have longer life, great

mechanical strength. It is suitable for severe climate conditi ==

these type of steel towers are used for conger spans. TO\?;?,: N Tl
= 2

footings are grounded by driving rods in to the earth. Tri‘

ToRER

minimizesthe lightningtroublesaseachtower actsasa

lightning conductors it can also used as double circuit tower which allow continuity of supply in

caseof onecircuit breakdown.

TYPE®FINSULATOR

INSULATORS

Anelectricalinsulatoris a materialwhoseinternal electric chargedo not flow
freely.

In overheadtransmissioror distribution linesinsulatorsare usedto insulatethe currentflowing

in the conductor to earththrough the poles or towers.

Themost commonlyused materialdor insulatorof overhead lineis porcelain.

25
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Typesof insulatorin overheadlines:-

Thereare mainlythree types ofinsulator usedverhead linesor highvoltage.
1. Pentype insulator

2. Suspensiornype insulator

3. Strain typeinsulator

Therearetwo other type insulators aresedfor low voltageoverhead linesTheseare.

1. Staytype insulators

2. Shackletype insulators

1. Pen type insulators This type of insulator is popularly used in power network up3kv
system. The pen type insulator is secured to the cross arm on the pole. Therithector
attached to the top of the pen insulator the shortest distance between condacibr
earth, surrounding the insulator body along which electrical discharge may take place

throughair is known as flash over distance.

When the insulator is wet, its outer surface becomes almost conducting. Hence
theflesh over distance of insulator is decreased. So the design of the electrical insulator
(pintype) is umbrella type on the upper part, so that it can protect the rest lower part of

the insulatorfrom rain.

2. Suspensiortype insulator :-

This type of insulator is used beyond the voltage 33kv. The pin type insulator is not
economical for beyond the voltage 33kv. In this type of insulator number of insulators are

connectedin seriesto form ) "\5\5‘

- . -
a string and the line s
. . s
conductor is carried by the o
bottom most insulator. sy
7\

Eachinsulatorof a i

suspensiorstring is calleddiscinsulatorbecauseoftheir dis

‘\%ﬁ
S

Suspension String Suspension Disc Insulator
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for 11kvthe number of disc in seriescould depend upon the working voltage. It any
of the disc is damage, then that disc ¢@replaced. There is no need to change the whole
string. If the line voltage will increastien that can be insulated by adding more disc
string. This type ofinsulators aremainly used with steel towers. As the conductor run
bellow the earthed cross arm of thewer, therefore this arrangement provides partial
protection from lighting the spacingetweenthe conductolismorewhensuspensiotype

insulatoris usedn overheadlines.

3. Strain insulator:

When there is a dead end of the line or

there is a sharp carve the line is subjecte

to greatertension.

In order to relive the line of excessive
tension, strain insulators are used. Strai
insulator consists of an assembly of
suspension insulators. It has considerable

mechanicabtrength.

LOWVOLTAGEPPLICATIONISULATORS

1. Stayinsulator:

Forlow voltage rangdines,the staysareto beinsalatedfrom ground ata height.

Staylnsulator

Thisinsulatorusedin the staywire

is calledasthe stayinsulator. b e o

Calculation ofsaq :

=
|

Stay Insulator

Thesagshould beso adjusted that tension in theonductor is withirsafelimits.

The tension is governed by conductor weight, effects of wind, ice loading and
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temperaturevariations.

1. Whensupportsare at equallevels:

< ¢ —

Theabovefigure showsa conductoris placedbetweentwo equilevelsupportsAandB.The

point Ois thelowest point.

If L=Lengthof span

W =Weightper unit lengthof
conductoif=Tension in theeconductor

Considerpoint a t on the conductor let the distance between poin a h and p in

horizontaprojectionis X.
Therearetwo forcesactingon the conductorportiona h t

1. TheweightWxof the conductoractingat adistanceX/2from a h
2. TensionTactingata h

If we equatethe two forcesonthe conductorat Pointa h &
Weget Ty = Wx (x/2)
Y SWX/2T

If the sagisrepresentedbythe valueof a |
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Atsupporta ! X=L/2andY=S

Thensag S =W (L/2)2/3E
WL%/8T CALCULATIODF
SAG

Whensupportsare at unequallevels:-

Unequal level supports are normally
found in hilly areas. The above figur
shows a conductor suspende('ﬂ' ‘
between two supports A and B at s
different levels. Considerthe lowest

pointisa h
Let L=SpanLength

H= Difference in levels

betweentwo supports

X' 5AaGlkyO0S 27T adzlJ2 NI

X =Distanceof supportat higherlevelfrom a hT

=Tension in theonductor.

L¥ G2¢ Aad GKS gSAIKOG LISNI dzy A

SayS = WXR /2T (YaWX/2T)
SagS2 = WXZ22T
From the figure %X =L

By subtracting &rom S

t26SNJ £t S@S

f Syaagk 27

BY

(@]
N5
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S-S =W/2T (X2-XB)
S-S =W/2T (6+%) X(%-%a)

We know Xo+X% =L
ThenS-S =WL/2T (%-X1)

From the figure 85 =H

Equation3 becomes

S-S = H = WL/2T eXX)Xi-

X =2TH/WL

Bysalvingeqn-3 & 5, wewill get

X1 ¢L/2 ¢ TH/WLand X = L/2 +TH/WL
Patting the values ofpand % in Eqn. 1&2

We can calculatesagS and S

THEEFFECT QANDANDICE LOADING

ONTHECALCULATIODIFSAG:




GTD, Semestet"4 Diploma Engineering (Electrical & Electronics)

d
¢ f—écf b\
o

In somecaseghe conductormayhaveice coatingand simultaneouslysubjected towind pressure
¢ At thistime the weightof the ice actsverticallydown word asthe samedirectionasthe

weightof conductorthe force dueto the wind isassumedo act horizontallyasshownin fig.a 0

Thetotal force on the conductordue to wind andice coatingis the vector sumof horizontal

andverticalforcesasshownin figa /

If W=Weightof the conductorfor unit length
=Conductomaterialdensityx

Volumeper unit length.

Wi=Weight ofice per unit length

=densityof ice x volumeoffice per unit length.

Densityof icex at (d+t)

Ww =wind forceper unitlength

=wind pressureper unit areax projectedareaper unit length.

= wind pressure x [ (I+2t)x1]
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Then Wt = (w+wif + (WWY

If the conductorsetsit selfin aplaneat an angle @ tahe vertical
thenTan 2Ww/W+We

Thenthe sagof in the conductoris given

ByS=Wt L%2T

Theverticalsay= ScosQ
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CHAPTER

Performanceof Short &Medium Lines
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Performance of Short & Medium Linos

Generally transmission Lines are classified according to their Lengths at the power
Frequency F=50Hz as follows.

Short transmission Lenes :

Transmission Lines of Length up to 80Km are classified as short lines. Effect of

capacitance is ignored in these lines.

Medium transmission Lenes :

Transmission Lines of Lengih between 80Km to 160km are classified as Medium
transmission lines. Here effect of capacitance is not ignored but capacitance is assumed to
he lumped in the Middle or at the ends of transmission lines. Accordingly transmission

lines are analysed using Nominal-T & Nominal © mathod.

Long transmission Lenes :

Parameters in this type line con not be assumed lumped & rigorous calculations

are required toanalyse. the line. Here length of Line > 160Km.

Short transmission Lenes :

Here shunt conductance & shunt capacitance are negleted & series resistance &

inductive reactance to be considered. It has following Ckt diagram.

Ro1 X
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Here

Note
(1)

(i1)

R = Resistance of both the conductions (i.e. go & return)

x = Inductive reactance of both conductors (i.e. go & return)
V. = receiving eng voltage

V. = Sending end voltage

Cos ()R =receiving end power factor.
Cos (¢)s = Sending end power factor.

From phaser diagram we have

OC = \J(OD+DF) +(FB+BC)

=V \(Vycosg, +1,) +(V, Sing, +1,)

; V-V
Now % voltage regulation = ——-+x100

Here, also we have
OC=0H=0A+AG +GH

V.=V,+IRcos¢,+xsing,
So V. —V,=1IRcosg, +Ixsing,

I'xsin ¢,
v,

=V, I
Xt ="Lcosg, +
V R

= voltage regulation (Pu.)= E, cos ¢, + E, sin ¢,

Where E = P.u. resistive voltage drop

E_=P.u.reactive/ inductive voltage drop.

power delivered to load <100

Efficiency of transmission line (n,)= Power Supplied Form Supply end
Vi cosg,

Yo, =
V.cosg,—I"R

For leading power Factor.

I, cos ¢, —Ixsin ¢
% Voltage regulation =~ RV £ x

R

100

Total capacitance C, = Cx1 C, is Small because / small
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1
X =WX” is So larjge.

Hence charging current /¢ = y_ isnearly Zero.

7
Hence Effect of capacitance Neglected.

Numerical : A 1¢ line transmitting 1100kw power to a Load at 11kv & at 0.8 P.F lagging. It
has total resistance of 2Q & a loop reactance of 3Q. Evaluate.

(i)  Voltage at Sending End.
(ii))  Percentage regulation

(iii)  Transmission Efficiency.

Px1000 1100x1000
V,cosg, 11000x0.8

Solution- Load current 7 = 1254

(i)  voltageat Sending Eng V, = \/( Vycos g, +1,) +(V, Sing,+1.)

=

= J(11000x0.8+125x2)’ (11000x0.6+125x3)

=

= /(9050)" (6975)" =11426F

= 11426 -11,000

(ii)  Percentage regulation =~ lehw 100

R

=3.873%

2

Line Losses = I’R =(125) x R=31250 or 31.25Kw

Power delivered

oo < . n)= %100
(i) Transmission Efficiency ( 7') Power delivered + line lines

1100x100

=— =47.24%
11,00+31.25
Numerical :

An over head 3 ¢ transmission line delivers SMw at 22Kv at 0.8 lagging P.f. The resis-

tance & reactance of each conductor is 4Q & 6Q respectively Evaluate..
(1) Sending End Voltage
(ii)  Percentage regulation

(ii1)  Total line losses
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(iv)  Transmission Efficiency.

. N 22x1000
Solution : Phase voltage at receiving End = 5B 12702V

Load delivered p =500 -5%x10°w
Load P.F. cos ¢, =0.8 lagging

Load delivered in watts
3xV, cos ¢

Line current / =

5x10°

S i AR, | -
3x12.702%0.8

Sending. End voltage per phase V, =V, + I, cos ¢, + I x sin ¢,
=12702 + (164 x 4% 0.8) +(164x 6x 0.6)
=13.8172V
(1)  Line Sending- End voltage V;,/ =3V, =3x13817.2
=23,932V or 23.932KV

(i)  Percentage regulation = L Bl P 100

RL

9 -
_23932-22 00=8.782%

2

3I°R 3 3x(164) x4
1000 1000

(iii)  Total line lines =

=322.752kw

out put power

’ " : Y=
(1) Transmlssmn Efficiency (7,) Out put power + Line losses

5000

=—x100=93.936%
5000+322.762

ABCD Parameter:

Here V=V, +1,

I, =1, So, comparing with V, = 4, + B,
Iy =C, +D,

we have,

x100
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A=1, B=Z |AB 1 Z
ie =
C=0,D=1 cD 01

Medium transmiossion lines:

These are transmission Lines of Length 80km to 160 km & Operater on voltage below
20kv. Effect of capacitance are taken into consideration. The capacitance of the line aniformly

distributed over its Entire length as followes.

SG’?\i\?‘g‘?\Knﬂ Ltre (e f%QCeg%aj'
o J

Vs \ '_‘

But For simple calculation, the capacitance of the system is assumed to be divided up

| 1]

—_— — —

I\] evrel (g )inre

& lumped inthe form of capacitors shunted across the line at one/ more points. The Most

common methods of representation localived capacitance method i.e.
(1) Eng cundenser Method.

(i1))  Nominai T Method (Middle condenser Method)

(iii)  Nominai m Method<(Split condenser Method)

End condenser Method:

Here capacitance of the line is assumed to be lumped at the load End i.e as follows.

()
<
o
(@]
.
<
s> o0

b__'\L_—-—-_.____,.____L.u._

(Equvalent ckt for end condenser Method)

Il

Let R Resistance of line per phase

>
I

Reactance of the line per phase
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C = Capacitance per phase of line in Farad.
Receiving End/ Load. End current = 7,

Receiving End voltage V7, (Phase)

cos(¢, )=Receiving End P.F. lagging Now.
We have,

Ve=V,(1+]0)

I, =1,(cos ¢, —J sing,)

Capacilive current /.. = J,,w,. = J2x FcV,,

Sending End current - (7)) =1, +1,.

I, (cos ¢, —J sin ¢, )+ J 27 fCVR
Coltage drop perphase =/,Z =1 (R+J,)

Phase voltage at the sending end V.=V, +1Z

ViV 100
v,

R

Percentage Regulation =

Power delivered perphase

Transmission Effictency () Power delivered per have + Line losses | phase
Vil, €08 @

= = X 100
VR[I( Ccos ¢R + 1\.R

Now, we can draw phasor diagram for End. condenver method as followes.
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Numerical- 1¢ medium transmission line 80km long has the following constant Resistance
per Km=0.3125€, Reactance / KM=1Q suspetance per KM = 17.5><10""S- Receiving End
voltage 66Kv Assuming that the total capacitance of the line is localized at the receiving end
alone determine. '

(1) the Sending-End current

(ii)  the Sending-End voltage

(iii)  the Sending End P.F.

(iv)  the regulation

v) the line losses

(vi)  Efficiency.

the line delivering 15Mw at 0.8 p.F. lagging.

Solution : 5, R T

Here total Resistance (R) =80x0.3125=250
Total Reactance = (x) =80x1.0 =80Q

Total Susceptance=(y)=80x17.5x10°=14x10"S
Receiving End voltage V, = 66KV = 66.000

15x10°

Load current /« 66.000x0.8

Power factor at receiving End cosg, =0.8& sing, = 0.6
Taking receiving End voltage V, as reference phaser

We have, V, =66,000(1+.J,)

R

Load current (/,)=28+(0.8-0.6/)
=2272-J170.44
Charging current /. =J,, =.Jx0.0014x66,000=.92.44
(i) Sending-End current (/,)=1/,+1.
= (2272-J170.4) +J92.4

=2272-J78 =240.2£-18.944
(ii)  Sending End voltage '

Vo=V, +I(R+Jx)
= 66,000 +(227.2-J78)(25+J80)
=77.920+J16.226 = 79,592£11.76V
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Sending End power factor angle ¢, =11.76 —(-18.94) =30.7
~(iii)  Sending-End power factor cos ¢, =cos30.7 =0.86(log)
V.-V, 79.592-66,000

: T = =0.206/20.6%
(iv)  Regulation 7 66.000 9
IR (2+0.2)x25
ine L =S = ' =1442.4
(v)  Line Losses 1000 1000 X @

Power o/ p

x100

(vi)  Transmission Efficiency ()= Power o/ p + line losses

_ 15,000
15,000 +1442.4

(i)  Nominal T Method:
In this Method the whole of the line capacitance is assumed to be connected

x100=91.23%

. R x
at the Middle Point of the line & half of the line resistance & reactance (’-6’7& %J to be

lumpid on either side as followes.

R/2. X R X
MWC
T Te
VR

NeoTraL

(Equivalent Circuit for Nominal-T-Method)

Here, I, Receiving End voltage
[. = Charging or capacitance current
V. = Receiving End voltage
¢ = Sending End voltage

Now we have
Io=1,+1.

Where 7, =1, (cos ¢, —J sin ¢,)
I= Jwev'= J2nFCV"

V' = Voltage across capacitor
V4
V= Vit [I('?

So, I =1,+J27xFCV’
R X

A
< P4

V\.=V’+]_\.x§=V’+l,
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R+Jx)

=V, =P +1.\(

. V.-V,
% voltage regulation = —=—=%x100

R

Vil cosg,

VR[RCOS¢,(—[,2(£+1

Transmission Efficiency 7, = 7
s 5

The phasor diagram of Nominal - T method can be drawn as follows by taking V., as
Reference.

Numerical Problem :

A transmission line 280km long has the following constants.
Resistance per KM = 0.15Q

Reactance per KM=0.50Q -

Susceptance per km = = 2.0x10° mho

Voltage at the receiving End is 132K V. The transmission line is delivering SOMVA
at0.85PF lagging at the receiving end calculate (i) Sending End voltage (ii) Sending- End
current (iii) voltage regulation (iv) Line Efficiency by Nominal T-Method.

Here Resistance of Line per phase R =200x0.15=30Q
Reactance of line per phase X =200x0.50 =100Q

Capacitive Susceptance per phase ¥ =200x2.0x10° =4x10*S
Receiving End line Voltage =132KV

132KV

Receiving End pjase voltage =76210v
3
50x10°"
Load current Z B x132000

Line impedance Z =R+.J, =30+.J100Q

42



GTD, Semestet"4 Diploma Engineering (Electrical & Electronics)

According to T-Method we have following diagram.

Z/l 'T—T}E—ﬁ

YT

v‘ Vo o [b

Here V, =76210+J,

cos¢ = 0.85sing =/1-0.85° =0.5268
So, 1, =218.7(0.85-.J0.5268) = (185.9-J115.2) 4

Z
Phase voltage across condenser V' =V, + % x1,

V' =(76210+J0)+(185.9-J1 15.2)x[wj

2
=84,758.5+J7.,567V

Charging current /. =V'Y =(84.758.5+.J7.567)x J4x10"
=-3.0268+.J33.94

Sending End current /, =1+ 1,
I, =(185.9-J115.2) +(-3.0268 + J33.9)
=182.8732-J81.3=200.13£-23.974

(i)  Sending End voltage V' + I x % =

=(84,758.5 +.]7.567)+%(182.87 ~81.37)(30+.100)

=91,566.6+.77924.16
=91,910£4.95V

(iii)  Sending End line voltage = \/3x91,910
=1,59191V =159.2KV

v, -V

“ 100

RI

(iv)  Voltage regulation =

_1592-132
132

x100 =20.6%
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 Effiency 7= X 0058,
(v)  Line Efficiency NG,

RL= S

00

cos @,

2
- J3x132x218.7x0.85 .
V3x159.2x200.13 cos[ 4.95-(~23.97) ] :

Nominal T Method

In this Method capacitance is divided & placed at begining & Ending of the line &
resistance & inductive reactance is Lumped in middle of the line as follows.

Ts T X

i Lone \Tw\\fj TKT
Q/'Z_ . Clq_: Q VK
~ . DT / y

(—Equivalent .cirgal of m method)

taking ¥, as reference we have
Here,

I, = Ja)%VR - J2ﬂF%VR

1('/( = IR iy ]r/e’ 11( = 1/(1—¢/e
Where /,,, = Current through receiving End C

¢, = Angle between V, & I,

"

I, = Line current, /., =Jo EV"
I, =Charging current at the Sending End
Vi=V,+1,Z=V,+1,(R+J,)

V\' =I/R +1/ (R+J\)

Now phasor diagram can be sending end voltage

%gm\m) E‘N*“(OHG’Q - Vs

44




GTD, Semestet"4 Diploma Engineering (Electrical & Electronics)

Findout the voltage regulation & efficiency following m network of 1¢ having following
data.

Ts 5p— 6% 8>
"L Te

i .
I%

Tes

Y =1.5708x10*S
V,=22KV

cos¢g, =0.71 lagging
S, =10'KVA
Solution Here ¥, =22000+J,

;=50 10 45554
v, 2

R
R

= 1, =45.455(0.71-./0.7042)
=(32273-J32)4

Ly =%x(22000xJ1.5708x10‘) = J1.728

CR T VR

I

o

Linecurveit I, =1+ 1.,
_(32.273-J32) 4 J1.728
= (32.273 - J30.272) A=4424,/-43.16
Impedance drop in line =7,Z =(32.273-J30.272)x(15+ J62.83)
= (2386.1+ J1.573.6)V
Sending End voltage(V, )=V, +1,Z
= 22.000+(2386.1 +./1573.6)
=24,3861+.J1573.6 =24.437/3.69

§ V(
% voltage regulation =~ - £ x100
R
24.437-2200
R T ] 100 = 0,
22000 1%
10° x1000x0.71 6O

n= 3
T 0 x100x0.71+ (44.24) x15
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CHAPTER
EHVTRANSMISSION

EXPLAINEHVAC TRANSMISSION

Generallythe voltagesof 300kvto 765kvare consideredasextrahighvoltage(EHV}ransmission

line. Generally EHV AC lines are selected for long distances 250km and abdghgmiver
500mw andabove. Electrical-82 EHV¢ AC lineas follows.

L R Vi = VR
— olen
C -
v
S N S
(J]Qnow EYED) Lcae Log
(BHV-AC L2NE DTAGROM)

In EHVAC line series inductance (L) and shunt capacitance C influence the performance of line
(Voltageregulationpower flow, stabilityetc.) Significanthandthey O I ybe rigglected Herethe
surgeimpedanceof thelineis as followZs K O [ K/ 0 K

Eg. 400kvEHVAC line has been installed in India in 1974 but recently 765 EHV Adstadked

i.e.in 1992

EXPLAINREASONBORADOPTIONDFEHVACTRANSMISSION :

Therearedifferent reasons foradaption ofEHVAC transmission linas follows.

a. Increase in size of generating units :

In order to reduce the investment cost per kw, ®iee of generating units has been

constantly increased, thus this increased large amoupbwkr overlong distancegan
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be transmittedtechnically andeconomically irEHWransmission.

. Pitheadsteamplants and remote hydro plants :

Generally steam and hydro-power plants are located accordingly their favourable
characteristics like availability of coal, water, land ,labour, transportation etc. Generally
these are very far away from load centre. Hence transmission of large amount of power
over long distancescan only be technically and economically possible by EHV ¢
Transmission.
Surge impedance loading Surge impedancéoading is the power that line carrieghen
eachphaseterminatedby aload equalto surgeimpedanceof the linei.e.Zd Ko [ k/ 0
where L= Seriegnductanceper unit length

C=shuntcapacitanceper unit length.
HenceSIL=3\?/Zc
Thereforevoltageat highervaluemakes larggpower transmissiomt economic.
. Transmission - The number of circuits anthe land requirement for transmission
decreases with adoption of EHV AC transmission. E.g. for transmitting 600MW over
250km at 480 line using two conductor per phase and requiring a right of way of about
40m giving 600/40 = 15mw per meter right of way but if it transmitted by two double
circuit lines at 200kv then it requires a right of 60m giving 600/60 = 10 mw per migiér
of way. So double circuit 400kv line gives this ratio as about 30mw per meteofighy.
HenceEHMine reducegight of wayrequirement quitesubstantially.
. Line cost The line installation cost per MW per km decreases with increase in voltage
level. Moreover the impact of the cost of losses on the overall transmission costs can be
substantially different at different voltage levels. The total line cost including the cost of

losses pemw per km decreases considerablyuse of EHVACtransmission.

PROBLEMSNVOLVEDON EHVTRANSMISSIONThere are different major problems

associated witlEHMWransmission lines follows:

. Corona loss and Radio Interference : Generally corona appears in High voltage

transmissionline which not only a source of power loss but it is also a source of
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interference with radio and television.
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b. Heavysupportingstructure and erectiondifficulties :-

Generally EHYAC transmission uses bundle conductor, Which results large mechanical
loading ortower. Similarly large aandgroundclearancesgynamicforces due tobroken
conducts etc makes large mechanical load. Hence strength of tower shoblebvg.

c. Insulation requirement: Generally EH¥ AC transmission requires high insulation to
withstand the voltage surges due to internal sources i.e. switching operation or due to
externalsourcesi.e lightning etc. which producesvery high voltagegenerally2-3 times
of normal voltage. Hence insulation level depends upon switching over- voltages,

temporaryover- voltagesand atmospheriover voltages.

HVDC TRANSMISSIGBEenerally high voltage DC transmission requires convstation

at both sendingend and receivingend. The converter station are transformers and
thyristorvalves. At sending end thyristealves act as rectifier to convert ac in to dc which
istransmitted over the line, whereas at the receiving end thyristalves act as inverter

to convertdc into ac which is utilized at receiving end. Each converter can function as

rectifier or inverter.Thuspower can bdaransmitted in eitherdirection. It has following

line diagram.
¢Tefp-0P
'WN%ULOPJ\!LK S’T%NDQ’VAZ
HVDC TRONS M
M1§SLON ¢

h, -, o CONVBRTEA

LTNE S
REC £TVLNG
BALD &

CBNDDNG END A

R a5y A1ty S ske e
(Loe dixgoem o forece roe o g
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Thedifferent HVDdinks are asfollow:-

Moo RoLare

“J?___l
Ac Q—_;Ej % - Ac (©)

Shﬁt\“‘f e 575Hm : Home- PoLert

i "2 N

ADVANTAGESND LIMITATIONS GFVDCTRANSMISSIOSYYSTEM

ADVANTAGESHVDGransmissiorhas manytechnicaland Economicsadvantagesver ac

transmissioras follows.

1. Cheaperin cost: BipolarHVDCIransmissioninesrequire two pole conductorswhichis
verycheap.

2. Noskin effect :Asthere isuniform currentdistributionin dcsono skineffect inHVDC.

3. Lower transmissionlosses: HVDCTransmissiorsystemneedsonly two conductors
andthereforethe power losses in dclineis less.

4. Voltageregulation :Dueto absenceof inductancet has bettervoltageregulation.

5. Lineloading: Generallyloadingon ACline limited by transient stability limit and line
reactancebut no suchlimit in HVDdines. Italsohasno SiLwith greaterreliability.

6. Lowshort circuit current: It hasno shortcircuit.

7. Lessercorona loss and radio interference : It has lesser corona loss due to zero
frequency.

8. Higheroperating voltagesand no reactive power compensation: GenerallyHVDC

systemhas highoperatingvoltage with absencef reactivepower compensation.
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9. Nostability limit : Thereis no stabilityimit in HYDC transmission system.
LIMITATIONS OF HVDC TRANSMISSHYNC Transmission system has follovimgations as

follows:

1. Costly terminal equipment The converters are used in HVDC are very costly alithg
the converters produce lot of harmonics both on dc and ac sides, which redjlteesg
and smoothing equipment resulting extra additional expense. It edsmire complex
coolingsystemand circuit breakerwhich again addsost.

2. More maintenanceof line insulators: It requiresmore maintenancefor in insulation

3. Circuitbreakingin multi terminal dc systemis difficult and costlier.

4. Voltage TransformerVoltage transformation is not easier in case of dc and hence it has

G2 0SS F002YLX AaKSR 2y GKS O aARS 27

distribution sub transmission and back botransmission.

i K
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CHAPTER

DISTRIBUTIOSIYSTEM

INTRODUCTIONDDISTRIBUTIOSIYSTEM

An electric power distribution system is the final stage in the delivery of electric power. It carries
electricityfrom transmissiorsystemto individualconsumer Distributionlinesmainlysubdivided

in to two types.

a. Primarydistribution lines

b. Secondarylistribution lines

a. Primary distribution lines :Carry the medicine voltage power to distribution trans
formerslocatedy S NJ (i KS peedrges.2 Y S NI &

b. Secondary distribution lins : carry the step down voltage from the transformer located

nearthe O dza (i 2 pféniédsdahe customers.
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1. Feeders :It is a conductor which conduct electricity from substation to the area where
the power is to be distributed. The feeders carries same current because no tapping are
takenfrom the feeder. Thefeederis designedaccordingo the current carryingcapacity.

2. Distributor : Consumers take supply from the distributor by tapping. In the above figure
PQ, QR, RS, and PS are the distributor. The voltage drop along its length is considered
before designinga distributor.

3. ServicemainsL i A& I OFIofS 6KAOK O2yySoita GKS

meter.

RadialElectricalPowerDistribution System

In earlydaysof electricalpower distribution system different feederswere radially

comeout from the substationand connected to th@rimaryof distributiontransformerdirectly.

RadialDistribution System

Radial Distributor
& A

Generating Station
or Sub Station

Radial Feeders g

But radial electrical power distribution systenhas one major drawback that in case of any
feeder failure, the associated consumers would not get any power as there was no alternative
pathto feed the transformer. In case of transformer failure also, the power supply is interrupted.
In other words the consumer in the radial electrical distribution system would be in darkness

until the feeder ortransformerwas rectified.
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RINGMAINELECTRICROWEMISTRIBUTIOSYSTEM

The drawback of radial electrical power distribution system can be overcome by introducing a
ring main electrical power distribution system. Here one ring network of distributors is fed by

more than one feeder. In this case if one feeder is under fault or maintenance, the ring distributor
is still energized by other feeders connected to it. In this way the supply to the consumers is not

affectedeven whenanyfeeder becomes out of service

4 A Service Mains

e \\0,.
Distribution Sub Station ' .
>—;'.':. /.-—\‘ 1 >
£ D 4 e

Isolators

Ring Mains Distribution System

In this way, supply to the consumers connected to the healthy zone of the ring, can easily be
maintained even when one section of the ringatdown. The number of feeders connected to

the ring mainelectrical power distributiorsystemdepends uporthe followingfactors.

1. Maximum demandof the system: If it is more, then more numbersof feedersfeed
thering.

2. Total length of the ring main distributors : If it length is more, to compensatethe
voltagedrop in theline, morefeeders to be connected to the rirgystem.

3. Requiredvoltageregulation: Thenumberof feeders connected tthe ringalso
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dependsiponthe permissibleallowable, voltagelrop of theline.

The sub distributors and service mains are taken off may be via distribution transformer at
different suitable points on the ring depending upon the location of the consumers. Sometimes,
instead of connecting service main directly to the ring, sub distributors are also used to feed a

groupof servicemains wherealirectaccess ofing distributor isnot possible.

INTERCONNECTERY STEM:

In this type of systemtwo to more than

- —>—
. . . : ,
two generatingstation or substation are S O\ Maj

energizing the feeder ring. In this syster

any area from one generating station

during peak load hours can be fed fror g
other generatingstation which increase L

the efficiency of the system. Now a dayl- ocecl D

-

electrical energy is generated, transmitte:

and distributed in the form of a.c. But foi erm’( g C%c@)

certain applicationsD.C.Supplyis

necessaryTheD.C. Supplfrom the substations fedo the load throughdistributors.

TYPE®FD.CDISTRIBUTORIN SHORT

Themost generalmethod of classifyingd.c. distributorsis the way they are fed by the feeders.

Onthis basis, d.c. distributors amtassified as :

Distributorfed at one end
Distributorfed at both ends
Distributorfed at the centre

Ringdistributor

DISTRIBUTOREDATONEEND:
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In thistype of feedingthe distributor isconnectedto the supplyat one endandloads are taken
atdifferent points alonghe length of the distributor.

The current in the various sections of the distributor away from feeding point goes on decreasing.
Thus current in section AC is more than the current in section CD and current in section CD is

morethan thecurrent insection DE.

A - AgFlewly C L+, D . E B
g ‘3 B B 4 & % e
y i |
DC Distributor fed at one end
The voltage

across the loads away from the feeding point goes on decreasing. In case a fault occurs on any
section of the distributor the whole distributor will have to be disconnected from the supply

mains. Therefore, continuityf supplyis interrupted.

DISTRIBUTOREDATBOTHENDS.

1 In this type of feeding, the

distributor is connected to the A C D E B
supply mains at both ends and f ‘f G ’ 3 ‘*i;
loads are tapped off at 3 t
different points along the / i %

lengthof the distributor. z@ ¥ gr
1 Here, the load voltage goes or !

decreasing as we move away
from one feedingpoint sayA, DC Distributor fed at both ends
reachesminimum valueand then againstarts risingand reachesmaximumvaluewhen
we reach the other feeding point B. The minimum voltage occurs at some load point and

is never fixed. It is shifted with the variation of load on different sectionsof the
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distributor.

1 If a fault occurs on any feeding point of the distributor, the continuity of supply is
maintainedfrom the other feedingpoint.

1 In caseof fault on any sectionof the distributor, the continuity of supplyis
maintainedrom the other feedingpoint.

1 Theareaof X-sectionrequired for a doubly fed distributor is much lessthan that of

asinglyfed distributor.

DISTRIBUTORED AT THEENTRE.

In this type offeeding, the centre of the

distributor is connected to the supply

mains. It is equivalent to two singly fe
distributors, each distributor having a
commonfeedingpoint and length equal

to half of the total length.

DC Distributor fed at centre

RINGMAINS:

Al

In this type, the distributor is in the form of a closed ring. It i wutor i

equivalent to a straight distributor fed at botends with equal o o/ !

—>——M A 1 S
voltages, the two ends being brought together to form a clos & . >l
ring. The distributor ring may be fed at one or more than ol i §
point. I

USE ODCDISTRIBUT'ON Ring Distributor .

D.C.supply is required for the operation of variable speed machinery (e.g. d.c. motors),
electrochemical work and electric traction. For this purpose, a.c. power is converted into d.c.
power at the sub-station by using converting machinerye.g. mercury arc rectifiers, rotary

converters and motaggenerator sets. The d.c. supply from the sihbtion is conveyed to the
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requiredplaces for distribution.

METHOD®FSOLVING.C.DISTRIBUTION PROBLEMS

The current in different sections of the distributor will be the vector sum of load currents and not
the arithmetic sum in a.c. distribution. Hence the power factor of various load currents have to

beconsideredvhen solving A.C. distribution problems.

1. Powerfactor referred to receivingand voltage:

i Qg'f"/\)(\ & 22‘*{')’ >

AB is an AC distributor whereaind
lo are the loads taken from the
pointa / anda . asshownin fig-I.
Vsisthe receivingend voltage.The
laggingpower factor at Point
a / iscosQ andthe laggingpower 'éic‘%rl
factor at PointBis cos'@ w.rt. —° 7
Ve. ThesectionAChasimpedance= Ri+jx andthe sectionCBhasthe impedance= R.
+jx2 . Theloadcurrentat pointa / = l1=h(cosQ ¢ j sinQ).Theload currentat pointa .is
equalto currentin section Cls equal tolce=1l2=b(cos®-2 &\ y 0Q
Thecurrent in sectionAC= Iy
+h

= I
(cos'Qu ¢ j sin' Q)+ I2 (oS
sin')
Thecurrent in sectionAC= Iy
+b

=li(cosuce anwyo A @py Q

Theload current at point a . is equalto currentin sectionCBis equalto ICB=12=I12
(CosQ2z; JSINQ2)

Thecurrentin sectid nAC= 11+12

= 11(Cos QX JsinQ1) H2 (CosQJsinQ2)
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Thevoltagedropin section CB-VCB=1CBZCB

=12 (as Q2JsinQ2)R2+Jx2)

Voltagedrop in sectionAC,VAC= IACZAC
=(11+I12)ZAC

=[(11cosQ4IsinQ1) + (i2Cos€¥BinQ2)] x (R1+JIAhe
sending end voltage VA= VB +VCB +8&@ingend
current=1A=11+I2

The vector diagram of a.c. distribution when power factor referred to receiving
endvoltageis shoun in figure2

VC = VB+ (I12R2) 2 +(12xX2y2=

VB+ (lacR1)2+ (IACx1)

Powerfactor referred to respectiveload voltage:

If power factors of loads are referred to thei @ 21+7‘X\ c Potdr, B

respectiveload voltages.

ThenQlis the phase angle between VC at

Iland Q2 is the phase angle between VB a gl ?, i72064{2_

&
I2 the vector diagram under this condition i ?tc

shownin figure-2 —
Thevoltagedropin sectionCB= 12ZCB
=I12(asQ2jsinQ2)(R2+jx2)

+2f G 3S | g VBLIDrgpiin

sectionCB
=VC LR

[1=11LQ1w.r.t. voltageVC

11=11 L (Q1-R)w.r.t. voltageVHR1
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=l1as(QI-R)¢ Jsin(Q1-L)IAC=

[11+12=11 as(Q-L_} sin(Q21L)

+I12[ asQ2-JsinQ2]
Volt drop in section AC = IAC AAdltage
at point A=VB+Vol+dropinCB

+ Vol +dropin AC

3-PHASH-WAIRSTARCONNECTED SYSTEM:

In this system 4- wires are connectedin a = = OROUTRE <, 248 s

circuit. There are three phase wire and a

+
neutral wire. The phases are electrically 120V \
j g

120degree apart from each other. All the & Z(° - ‘L
— "neutral”
Vi

Phases meeting at a point known as neutr.
point. The wire connected to the neutral poin 224¢°

+
is known as neutral wire. The voltage betwee 4 lne" 5[{

any one phaseand neutral line is known as
phase voltage (Vph). The voltage between the two line is known as line voltgge @/star
O2yySOUAz2y GUKS ftAyS @g2ftal3S Aa Ko GAYSa

asthe phasecurrent. Most of theA.C. machines arstar connected.

I NB

60



GTD, Semestet"4 Diploma Engineering (Electrical & Electronics)

CHAPTER

UNDERGROUNIEABLES

INTRODUCTION

Since the load$avingthe trendstowards growing density.Thisrequiresthe better
appearance, rugged construction, greater service reliability and increased safety. An
undergroundcable essentially consists of one or more conductors covered with suitable
insulationand surroundedby a protecting cover. The interferencefrom externaldisturbances
like stormslightening, ice, trees etc. should be reduced to achieve trouble free service. The cables

may beburieddirectlyin the ground, ormaybe installed in ducts buried in thground.

ADVANTAGES DISADVANTAGES

Advantages

° Bettergeneralappearance

° Lesdiableto damagethroughstormsor lighting
° Lowmaintenancecost

© Less chanceas faults

° Smallvoltagedrops

Disadvantages

° Themajor drawbackis that they have greaterinstallation cost and introduce

insulatiorproblemsat high voltages comparedith equivalent overhead system.
Propertiesof insulationmaterialsfor cables
:-Thepropertiesare

1. Highresistivity
2. Highmechanicaktrength
3. Highdielectricstrength
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Not affected byacid or alkalis
Nort inflammable

Hightensilestrength

N oo ok

Lowcost

INSULATINMATERIALS USHDUNDERSROUNLCCABLES

Theinsulatingmaterialsusedin underground cableare.

1. Rubber

2. VIR

3. Impregnatedpaper

4. PVC

5. Varnishedcambric

1. Rubber:
It is the most commonly used insulating material. Natural rubber is produced from the
latex of the rubber tree. Synthetic rubber is produced from alcohol or oil products. It
absorbsmoisture slightly and is soft. Therefore pure rubber cannot be used as an

insulatingmaterial.

VULCANIZEMDIARUBBERVIRY):

It is used for low voltage power distribution systems only. It is prepaired by mixing pure rubber
with mineral matter such as sulphur, zink oxide, red lead etc. it has greater mechanical strength
than pure rubber. The advantages of using this type of rubber for cable is that, the cable becomes
strong and more curablebefore using VIR as insulation, the copper conductor must be tunnel
well because it attacks copper. (Reacts copper) its use is limited because of its low melting point

andshort span of life.

IMPREGNATHPAPER

It has low capacitance, high dielectric strength and economical. The paper is manufactured with
wood pulp, rags or plant fiber by a suitable chemical process. It has high resistance due to high

resistivity center dry condition. It absorbs a small amount of moisture only, which reduced the
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insulation resistance.For this drawbackit requires some sort of protective covering. It is

impregnatedin insulating oil beforeised.

POLYVINYCHLORIDEVC):

It is a synthetic compound material. It is obtained from the polymerization of acetylene and is in
the form of white power. It is combined chemically with a plastic compound and is used over the
conductor as an insulation cover. It has high insulation resistance, good dielectric strength.PVC

insulatedcables araisuallyemployed for mediunand low voltagelomesticinsulation.

VARNISHEBAMBRIG

It is the cotton cloth impregnatedand coatedwith varnish.Thecambricis lappedon theconductor
in the form of a tape and its surface are coated with petroleum jelly compound toallow for

the slidingof oneturn overanotheras thecable ient.

CLASSIFICATIQRCABLES

Mainlyundergroundcablesare classified irtwo ways.

1. Accordingo the type of insulatingmaterialsusedin their manufacture
2. Thevoltagefor whichthey are manufacture

3.
4

. Powerto behandled incable.

No of conductorsused incable

CLASSIFICATIQRCABLES

Things may be classified on many aspects and similar is the case with cables. There are severa
waysof classifyingables.Theseincludes classification @fbles on thdasisof

9 No. of Conductors in Cable
1 VoltageRatingof Cable
9 InsulationUsedin Cable

9 PowerTo Be handledn Cable
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1 No. of Conductorsn Cable
On the basis of number of conductors in the cable, cables are of two types viz Single core cables

and 3 core cables. Single core cable have only one conductors and the diagram is shown in
Underground Cable Basics while three core cable has three conductors and they have bedding

andfiller too.
soon the basisof numberof conductorscablesare of two types
A SingleCoreCable

A 3 CoreCable

VoltageRatingof Cable

Cablesnaybe classifiedon the basis o¥oltageratingalso

A LTCables Cablesup to 1000Voltsor | kV are calledLT(LowTension)or LV (Low
Voltage)cables

A HT Cables: Cablesfrom 1001 volts to 11000 Volts or 11kV are called HT (High
Tension)r HV(High Voltage) cables.

A STCables: Cablesfrom 11001 volts to 33000 Volts or 33kV are called ST (Super

Tensionxables.

A EHVCables. Cablesfrom 33001 volts to 66000Volts or 66kV are called EHT(Extra
HighTension) oEHV

A Oil & GasFilledCables From66 kVto 132kv Oiland Gas-illedcables araised.

A ESTCables Cablesusedabovel32 W arecalledESTExtraSuperTension) cables.

Insulation Usedin Cable

Cablesare alsoclassifiedon the basisof insulationprovidedin the cable.Followingarethe

typeof cables on théasis of insulation used in treable-
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PICor PILC PaperinsulatedCable- Paper isusedasinsulation tothe conductor.

PVC PolyVinyle ChlorideCable- PVC is useds insulation to theonductor.
PE: PolyEthylene- PolyEthyleneis usedas insulatiorto the conductor

PTFE PolyTetraFluoro Ethylene PTFE igsedasinsulationto the conductor
XLPE CrosslLinkedPolyEthylene- CrossLinkedPolyEthyleneis usedasinsulation.

Thisis most commonlysed cable iindustry.

Powerto Behandled inCable

A

A

On the basisof amount of power to be transferred through the cable. cablesare classified

intotwo categories. Thesare

Power Cables : If large amount of power is to be transferred then these are called power
cables. These are further classified on the basis of voltage at which power is to be

delivered.

Low Voltage Power Cable : If the voltage in the cable istlems 1000 Volts or | kthen

the cable is calledlowVoltagePower Cable.

High Voltage Power Cable : If the voltage in the cable is above 1000 Volts or | kivethen

cable is called HigtioltagePower Cable.

ControlCablesif the cableis usedto carryvery lowpowersignalgenerally forcontrolling

equipments then the cables apalledcontrol cables.

1. Lowtension cables(L.T.cables): These
Brass or Steel

are used for the voltage levels tp 6.6kv.The

electrostaticstressesn ~_ Sening

L.T. cablesare not severe hence no special

Lead Sheath - Conductor

constructionis usedfor L.T.cables.The paper
is used as an insulation in these cables.

Sometimesresin is also used which increase

the viscosityand helpsto preventdrainage.
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The Fig. 5.2 shows the cressction of a single core L.T. cablecdnsists of a
circular core of stranded copper or aluminum. The conductmsislated by impregnated
paper. Over the paper insulation, the lead sheathpi®vided. Then a layer of
compounded fibrous material is provided. Thaemmoringis providedandfinally covered
againwith a layer of fiborouscompounded material. Many a times. L.T. cabbies are not
provided witharmoring, to avoid excessive sheath losses. The simple construction and

the availability of more copper section are the advantages of L.T. singleable.

H.T.Cable:-

H.T.cablesarethe cables whiclare used forvoltagelevelsup to 11kv.

Construction:-
The cores are not circular in shape. The cores a iy Lead sheah,
'////f; .
insulated from each other by layers of impregnatet / b, ;:'l:j‘;??ss of
?, on

7,
) between

papers. It has 8 cores. The three cores are groupec /,/ % ?nduc‘or i

/I 2 sheath
together and belted with the help of a paper belt. The 7 | 7 Y

% e -/
gaps are filled with fibrous materials like jute. Thi: ‘-’(\,O ' / Paper bejt

o i )

gives circular cross sectional shape to the cable. T Q‘fo,_wff 4 Z::;‘;::‘SS Of msulstion
belt is covered with lead sheath which protect cabl Conductors

from moistureand alsogivemechanicaktrength.

Thebelted type construction is suitable only for low and medium voltages. Under high voltage
casesthe cumulative effect of tangential electrical stress is to form spaces inside the cable due
to leakage currents. Such air spaces formed inside the insulation is called void formation. Under
high voltage, spacesare ionized which deteriorate the insulation which may lead to the

breakdownof theinsulation. Hencéelt cablesare not usedfor the high voltagdevels.
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METHOD®FCABLE LYING

Therearethree mainmethods used folayingundergroundcables.

A

Directlaying.
Drawin system

Solidsystem

Directlaying:

The above figure shows how the cable is laying in this method. A trench of about 1.5
meter deep and 45cm wide is dug. Then the trench is covered with a layer of fine sand,
about 10cm thick the cable is laid over the sand. The sand does not allow the entry of
moisture from the ground. Then the cable is covered with another layer of sand of about

10cmthickness.

After that the trench is covered with bricks and other materials to protect the cables from
mechanicalinjury. When more than one cableis to be laid in the sametrench, a
horizontal or vertical inter axial spacing of at least 30cm is provided in ordeedace
the effect of mutual heating. This method of laying under ground cables is simple and

cheap.

Draw- in system:

This method of cable laying suitable for congested areas where excavation is
inconvenient. In this method a line of conduits, ducts or tubes made of either iron, glazed
stoneware clay or cement concrete are laid in ground with manholesat suitable positions
along the cable rotate. The cables are then pulled in to position. Separate pipes and ducts
are provided for each cable laid in the same duct. Care must be taken that where the duct
line changes direction, depths, dine so that a large cable may be prak&ty between
themanholes. The distance between the manholesshould not be too long so as to

simplifythe pullingin the cables.
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SOLIDSYSTEM

In this method the cable is laid in open pipes or troughs dug out in earth along the cable route.

The toughing is of cast iron, stoneware, asphalt or treated wood. After laying the cable in

position,the toughingisfilled with abituminousand coveredover.

METHOD®FLOCATION GFABLE FAULTS:

Severamethodsare usedfor locatingthe faultsin undergroundcables.Themostpopular

methodsfor locatingfaults in undergrounatablesknown adoop tests.Theseare asfollows.

=

Murrayloop test

2. Varleyloop test

1. Murray loop test:

This test is the common and accurate method of locating earth fault or gluartuit fault

in underground cables.

a. Earthfault :

The figure shows the circuit diagram o - —

locating the earth fault by Murray loop - j@_:;“d P Low Resistance [/
test. Fault by Murray loop test. Here AB i }r\éﬂzcabk temccuog“
the sound cable and CD is the faulty cabl = 2 ggrmmd}"aull .
andthe earth faultoccurring atthe point rcmmmmmm_’;mm

F.

The end of fault cable at point a 5 is

A ¥ s A 9~

02y ySOUSR ¢A0GK (GKS LRAYG a. 2T (GKS

resistanced and Qareconnected to end&andC
LetR=Resistancef the conductorloopfrom the testendto the pointa Gvherethe fault occur
X=Resistancérom fault point a Go the restof the faulty cablea /
TheresistanceP and Q are variedtill the galvanometeiindicates zero.

The balancedposition of the Wheatstonebridge where P,Q,R& X are the four armsis P/Q

a 2 dz

Y R
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=R/X

OrP/Q +1=R/X +1
OrP+Q/Q R+X/X

If a wisthe resistanceof eachcable
Then R+X2r
So P+Q/Q = 2r/X

X=Q/P+Q 2r

LT af Aa GKS tSy3aidk 2F SIFIOK OFoftS Ay YS{SN]

Thenresistanceper meter length of cable
=r/LDistanceof fault point fromtest end is
D=x/(r/l)

Putting the values of x in the above
equatiorD =Q/P+Q X2r xL/r

=Q/P+Q XL

[ D=Q/P+Qxloop lengthin meter]

B SHORT CIRCUIFAULT

-
. . rﬂ/
In the circuit shown P,Q,R & X are thar 2 @L .
Z, = Connection
arms of the bridge. The fault resistance ighe iy e e 4
+ 2 l‘—
battery circuit. the bridgeis balancedoy adjusting I Shogﬁfm

GKS NBXaAadl yoSa eanditon:
] ) Fs_pCrm-vm:mmox\lm lnvpl..}fm,hm‘lm—mulm

P/Q = RIP/Q+1

= RIX +P+Q/Q=
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R+X/X

If a wisthe resistanceof eachcable

Then R+X%2r

So P+Q/Q = 2r/X

X=QIP+Q Xr

If a [isthe lengthof eachcablein meter

the resistance per meter length of cable = r/L

Distanceof short-circuit fault point from testend

iISVARLEYOOPFTEST i
Pt
It is also used for locating earth fault or shor \<w S .
+1 @ A\""Wﬁ
circuit fault in underground cables. This testce | ° f
;
be done with the help of Wheatstone bridge L %
. Wy

principle.

In this test P and Q are the fixd resistances and t
balance can be done by varring the variable -

resistances.

C2NJ SFNIK Fldzf & 2N Kz
connectedto positionl. After that the variable
resistance S is varied till the bridge is balanced for

resistancevalue %.
So P/IQ RIX+3 , P/Q+1 =( R/IX4$+1

P+Q/Q =( R+XHBX+9)

Eareth Yea
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X=QR+XX { MK t.BV.X i, Q)
Thenthe key K> is connectedto position ¢ 2 and the bridge is balanceto a new value

ofresistance

P/Q =R+X/% : (REXR=PS e (2)
From equation 1 & 2 we will get X = PE/P+Q

Theloop resistances R+X £P/Q)S

If a NSthe resistance ofhe cable per metetength. Thedistance offault from the test end isD

=X/r meters.
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CHAPTER

CAUSESFLOWPOWEHACTOR

The main cause of low Power factor is Inductive Load. As in pure inductive circuit Curréof lags
from Voltage, this large difference of phase angle between current and voltage causes zero
power factor. Basically, all those circuit having Capacitance and inductance (except resonance
circuit (or Tune Circuit) where inductive reactance = capacitive reactaneeX®j, so theircuit
becomes a resistive circuit), power factor would be exist over there because Capaatahce

inductancecausesn differenceof phasel y 3 f Betwéefaurrent and voltage.

there arealot of disadvantages of low Pf and weiust improvePf .

FOLLOWINBRETHECAUSESFLOWPOWER FACTOR:

1. Single phase and three phase induction Motdtgsually, Induction motor works @bor

power factor i.e. at:

Full load, Pf= 0.80.9 Small
load,Pf=0.2-0.3

No LoadPf maycometo Zero (0).

2. Varying Load in Power SystefAs we know that load on power system is varyDgring
low load period, supply voltage is increased which increase the magnetiriregntwhich

causethe decreased power factor)

3. Industrial heatingfurnaces

4, Electrical discharge lamp@iigh intensity discharge lighting) Arc lamps (operate a very

low power factor)

5. Transformers

6. HarmonicCurrents
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