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Conceptofcurrentflow

Thesmallestknownquantityofelectricchargeisthechargeofanelectron.So,all

quantitiesofchargeareexpressedinmultiplesofthisbasicorfundamentaluniti.e.chargeofan

electron.TheSIunitofchargeiscoulomb(SymbolC)whichisequaltochargeof6.24x

1018electrons.

Themovementofelectronsinaconductorremainsunchanneliseduntilitisacteduponby

anelectricfield.Theflowofelectronsthroughaconductorconstitutesanelectriccurrent&the

pathofelectriccurrentisknownaselectriccircuitwhichisalwaysaclosedpath.Thedirectionof

flowofpositivecurrentisoppositetothedirectionofflowofelectrons.Socurrentcanbedefined

as:

Thetimerateofflowofelectricchargeiscurrent I=

Theunitofcurrentis“Ampere”.

Whenacurrentisflowinginaconductorhavingnon-uniformcrosssectionalarea,the

currentissameforallCross-Sectionsoftheconductorinaccordancetotheprincipleof

Conservationofcharge.

1.Electricpotentialatapointistheworkdoneinbringingaunitpositivechargefrominfinityto

thatpoint.

2.Ittwopointshavedifferentelectricpotentials,thereissaidtobeapotentialdifference(p.d.)

orvoltageexistingbetweenthepoints.
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ConceptofSource&Load

Voltagesource

ASourcemaybeavoltageorcurrentsource.

Anidealvoltagesourceisasourcethatmaintainsthesamevoltageacrossitsterminals

irrespectiveofamountofcurrentdrawnfromthesourceorwhatevercurrentflowsintothe

sourcethroughitsterminals(asshowninFig.(a)below).Hence,theinternalresistanceofan

idealvoltagesourceiszero.ThevoltageacrosstheterminalsisdenotedasVs.Thecurrentdrawn

fromthesourceisdenotedbyILandtheplotofterminalvoltageagainstloadcurrentisshownin

Fig.(b)below.

AReal/practicalvoltagesourceisrepresentedbyanidealvoltagesourcewithaseries

resistance(rin)withitasshowninFig.(c)below.

(Figure(a)showssymbolofIdealvoltagesource),(Figure(b)showsplotofVtVsILofanIdeal

voltagesource),Figure(c)showsapracticalvoltagesource)

DependentandIndependentvoltageSource

Ifthevoltageacrossanidealvoltagesourcecanbespecifiedindependentlyofanyothervariable

inacircuit,itiscalledanINDEPENDENTvoltagesource.However,Ifthevoltageacrossanideal

voltagesourceisdeterminedbysomeothervoltageorcurrentinacircuit,itiscalleda

DEPENDENTorCONTROLLEDvoltagesourceanditisrepresentedinacircuitdiagramasshown

inFig.(d)below.

(Figured)
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Currentsource

Anidealcurrentsourceisoneinwhichthereisnochangeincurrentirrespectiveofthevoltageat

whichcurrentisdrawnofwhichthecircuitsymbolisshowninfigure(a)below.Theinternal

resistanceofanidealcurrentsourceisinfinity.Aplotofcurrent(IL)drawnagainstterminal

voltageisshowninFig.(b)belowwhereI0representsaconstantcurrentirrespectiveofchangein

terminalvoltage.

AReal/practicalcurrentsourceisrepresentedbyanidealcurrentsourceinparallelwitha

resistance(rin)asshowninFigure(c)below.

(Figure(a)showssymbolofIdealcurrentsource),(Figure(b)showsplotofILVsVtofanIdeal

currentsource),Figure(c)showsapracticalcurrentsource)
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DependentandIndependentcurrentSource

Ifthecurrentthroughanidealcurrentsourcecanbespecifiedindependentlyofany other

variableinacircuit,itiscalledanINDEPENDENTcurrentsource.However,Ifthecurrentthrough

anidealcurrentsourceisdeterminedbysomeothervoltageorcurrentinacircuit,itiscalleda

DEPENDENTorCONTROLLEDcurrentsourceandisshowninFig.(d)below.

(ControlledorDependentCurrentSource)

Load

Figure(d)

Theelectricalloadisanapplicationconsumingelectricalpowerandisrepresentedby

R(Resistance),L(Inductance),C(Capacitance),E(backEMF)etc.orcombinationofthesecircuit

elements.

(Resistance) (Inductance) (Capacitance)

(R-LLoad) (R-CLoad) (R-L-CLoad)
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Ohm’slawandconceptofresistance

Ataconstanttemperature,thecurrentpassingbetweenthetwopointsofaconductorisdirectly

proportionaltothepotentialdifferenceexistingbetweenthetwopoints.

Mathematically, I Vor V=IR(Risaconstantofproportionality)

Electricalcurrentinaconductorconsistsofmovementofelectrons.Whenelectronsflowthrough

amaterialtheycollidewithotheratomicparticlesandenergyislostintheformofheatdueto

thesecollisionsandthisisrepresentedbyresistance.

Resistanceisthepropertyofamaterialbyvirtueofwhichitopposestheflowofelectrons(or

current)throughit.Theoppositiontoflowofcurrentisduetoabovecollisionsofelectrons.

Resistanceofaconductor(Figure(a)below)dependsonitsLength(L),Areaofcross-section(A)and
specificresistanceorresistivity(ρ)ofthematerialandisgivenby:R=ρL/A

Figure(a)

[Inthefigure(a)aboveaconductorisshownwithitslength(L)=1metre&Areaofcross-section(A)

=1m2]

RelationofVandIinseriescircuit

Conductorsaresaidtobeconnectedinseriesiftheyareconnectedendtoend,oneafteranother

sothatoneendofthefirstconductorandoneendofthelastconductorarefreeandsame

currentflowsthroughallconductorsandpotentialdifferenceacrosseachoneisdifferent

dependingupontheirresistances.InfigureS.1below,A&DarefreeendsofthreeconductorsAB,

BC&CDconnectedinseriesandletR1,R2&R3betherespectiveresistances.

[FigureS.1]

Let,R=Resistanceofthecombination
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V=Totalpotentialdifferenceacrossresistances.

I=StrengthofCurrent

ThenV=IR 1s

ButV=sumofindividualp.d.acrossR1,R2&R3So,

V=V1+V2+V3=IR1+IR2+IR3 2s

Fromequation1s&2swegetIR=IR1+IR2+

IR3Hence,R=IR1+R2+R3

Itfollowsfrom theabovethatifanumberofconductorsareconnectedinseriesthenthe

combinedresistanceofthecombinationequalsthesumoftheindividualresistances.

RelationofVandIinparallelcircuit

Conductorsaresaidtobeconnectedinparallelifallofthemareconnectedacrosstwocommon

points.InfigureP.1belowthreeconductorsofresistancesR1,R2&R3areconnectedbetweenthe

commonpointsA&B.Itwillbeobservedthatsamepotentialdifferenceexistsbetweentheends

ofeachconductorbuttheamountofcurrentpassingthrougheachisdifferentdependingupon

theirresistances.

[FigureP.1]

SupposethemaincurrentIisdividedintoI1,I2&I3throughtheresistorsR1,R2&R3respectively.

Let,R=ResistanceofthecombinationbetweenA&B

V=potentialdifference

I=StrengthofCurrent

Then,I= 1P

ByKCL,themaincurrententeringthiscombinationmustcomeoutassuch&

Hence,
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I=I1+I2+I3

ThenI= + 2P

Fromequations1p&2pweget

= +

Hence, = +

Itfollowsfromtheabovethatifanumberofconductorsareconnectedinparallelthenthe

reciprocalofcombinedresistanceisequaltothesumofthereciprocalsofindividualresistances.

DivisionofCurrentinparallelcircuit

LetusconsidertworesistorsconnectedinparallelasshowninFigureP.2belowacrossavoltage

V.Then,byohm‘sLawcurrentinbranchesis

I1= & I2=

[FigureP.2]

AlsoconsideringthetotalcurrentI&thetotalequivalentresistanceofcombination

i.e.R= andV=IR=I

fromtheaboveweget V=IR=I =IR1=IR2 DCP1
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fromequationDCP1aboveweget I1R1=I alsoI2R2=I

Thus,I1=I & I2=I

Hence,Itisobservedthatinaparallelconnectedcircuitoftworesistancesthecurrentthrougha

branchistheproductoftotalcurrententeringthecombination&theRatioofresistanceof

oppositesideofthesidethroughwhichthecurrentisdetermined&thesum ofindividual

resistances.

Kirchoff’scurrentLaw

AccordingtoKirchoff’scurrentLaw“Inanynetworkofconductorsinanelectricalcircuit,the

algebraicsumofthecurrentinalltheconductorsmeetingatanypointiszero”.

i.e.ΣI=0

Lettherebeanumberofconductingelementsmeetingatajunction‘o’asshowninfigure(a)

below.

Ifthecurrents I1,I2&I3areflowingtowards‘o’(incomingcurrents)betakenpositivethenthe

currentsI4,&I5flowingawayfromo(outgoingcurrents0benegativethen

AccordingtoKCL,

I1+I2+I3-I4–I5=0orI1+I2+I3I=I4+I5

Thisfollowsfromtheabovethattherecanbenoaccumulationofchargeatanypoint.

SignRulesofKCL:Ifallthein-comingcurrentsbetakentobepositivethentheoutgoingcurrents

mustbetakenNegativeandviceversa.

Kirchoff’svoltageLaw

AccordingtoKirchoff’svoltageLaw‘algebraicsumoftheproductofcurrent&resistanceofeach

conductorinanyclosedpath(ormesh)inanetworkplusthealgebraicsumoftheemf’sinthat

pathiszero.”

Inotherwords ΣIR+E=0
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SignRulesofKVL:IfwegivepositivesigntoallriseinpotentialthenwemustgiveNegativesign

forallfallinpotentialandviceversaasshowninFigure(a).

[Figure(a)]

LetusapplyKVLtothecircuitdiagraminFigure(b)belowandwritedowntheLoopequations.

ConsideringtheloopFABGF&applyingKVLtothis,weget

E1+(-)(I1+I2)R1=0 A

SimilarlyapplyingKVLtoloopBCDGB,weget

-E2+(I1+I2)R1+I2R2=0 B

1. FindthevaluesofI3assumingthatI1=5A,I2=2A,I4=1A&I5=4A.

Solution:Applicationof KCLtonodeAinfigurewithpropersignconventionresultsinthe

followingequation:

I1+I2+I3-I4-I5=0

OrReplacingthecurrentvalues,wefind

I3=I4+I5-I1-I2=1+4-5-2=-2A(Ans)
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2. Calculatethecurrentflowinginthecircuitandthepotentialdifference(p.d)acrossthe

threeresistancesbyapplyingKVLtotheNetworkshownbelow.

Solution:ApplyingKirchoff’svoltageLawtothecircuitshownaboveandassumingthecurrent

directiontobeasshownletusmoveinthedirectionofcurrentandwritedowntheequations.

+110-10I-20-5I-15I=0 (1)

90-30I=0; =>I=3Amp.(Ans)

Potentialdifferenceacross10Ωresistance=10I=10x3=30volts(Ans)

Potentialdifferenceacross5Ωresistance=5I=5x3=15volts(Ans)

Potentialdifferenceacross15Ωresistance=15I=15x3=45volts(Ans)

Therearetwovoltagesourcesi.e.110volt&20voltofwhichthefirstone(110volt)istaken

positivebecause,thereisariseinvoltagefrom–veterminalofbatteryto+ve terminalof

batteryaswemoveinclock-wisedirection.Similarlyforthesecondvoltagesourcei.e.20volt,

thereisafallinvoltagefrom+veterminalofbatteryto–veterminalofbatteryinthedirectionof

movement.Thevoltagedropsacross10Ω,5Ω&15Ωare–veastheyareallcasesoffallinvoltage

inthedirectionofcurrentflow.

SUPERPOSITIONTHEOREM

Inanetworkoflinearresistorscontainingmorethanonesource(voltageorcurrentsource),the

resultantcurrentflowinginanelementmaybefoundbyconsideringonesourceatatime&all

othervoltagesourcesreplacedbytheirinternalresistanceifanyandcurrentsourcesreplacedby

aopencircuit,followedbysummingthecurrentsduetoindividualsources,ORinotherwordsifa

numberofsourcesareactingsimultaneouslyinanylinearnetworktheneachsourceacts

independentoftheothers.Thustheresultantvalueofcurrentinaconductorelementofa

networkcanbeobtainedbysuperposingthecurrentduetoeachsourceinthenetwork.
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[Figure(a)withthecircuitwithtwoSources(E1&E2)]

[Figure(b)withthecircuitwithSources(E1)only]

[Figure(c)withthecircuitwithSources(E2)only]

CurrentthroughResistanceR=I=I’+I”(bysuperpositiontheorem)

Fromcircuit(b):

IS1=currentfromsource=

I’=Is1x = =

Similarly,fromcircuit(C):

IS2=currentfromsource=

I”=Is2x = ==

Hence,I=I’+I”=

Whenboththesourcesactingi.e.inFigure(a)accordingtosuperpositiontheoremthecurrent

through

theresistanceRis=I=
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Thevenin’sTheorem

Thecurrent(I)flowingthrougharesistanceRLconnectedacrossanytwoterminals(sayA&B)ofa

networkcontainingoneormoresourcesofcurrent/voltageisgivenby:

I=

VTH=opencircuitvoltagebetweenA&BwhereRLdisconnected,

RTH=EquivalentresistanceofthenetworkfromopencircuitterminalsA&B,withallvoltage

sourcesreplacedbyinternalresistanceandcurrentsourcesreplacedbyaopencircuit.

ForvisualizationoftheapplicationofThevenin’stheoremletusconsidertheNetworkshownin

Figure(a)below.

StepI:Disconnect&removetheresistanceoftheloadresistance(RL)underconsiderationfrom

theterminalsA&Btogetopencircuit.

StepII:CalculatetheopencircuitvoltageVTHacrosstheopenterminalsA&B

Current=I= and

theOpencircuitvoltage=vTH=potentialdropacrossR2=IR2=
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StepIII:Removethevoltagesourcefromthecircuit,leavingbehindonlyitsinternalresistance(r)

asshowninFigure(c)above.Now,viewthecircuitinwards.Itisfoundthatthecircuitnow

consistsoftwoparallelpathsi.e.onecontainingresistanceR2onlyandtheothercontaining

resistancesR1&rinseries.Consequentlytheequivalentcircuitresistance(RTH)asviewedfrom

opencircuitterminalsAandBisgivenby:

RTH=

TheentireopencircuitnetworkasviewedfromA&Bisreducedtoasinglesource,called

Thevenin’ssource,whosevoltageandinternalresistancesrespectivelyaregivenbyVThandRThas

depictedinfigure(d).

StepIV:Connectbackloadresistanceunderconsideration(RL)acrosstheterminalsAandB,

fromwhereitwasremovedearlier.

ThenthecurrentflowingthroughtheloadresistanceRLisgivenbyI=

MAXIMUMPOWERTRANSFERTHEOREM(M.P.T.)

Thistheoremstatesthat“Maximumpoweroutputfromanetworkisobtainedwhentheload

resistance(RL)isequaltotheThevenin’sequivalentresistanceofthenetworkasseenfromthe

loadterminals.ThisTheoremisusedtofindRLsuchthatthepowerdissipatedinRLismaximum.

OR

MaximumpowerisdeliveredbyasourcetotheLoadresistance(RL)whentheloadresistanceis

equaltotheinternalresistanceofthesource

i.e.Ri=RL
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Figure(MP-1)

Proof:IntheFigure(MP-1)shownabove

Loadcurrent,IL=

PowerdeliveredtoLoadPL= RL

= =

IfRL=0(i.e.,shortcircuit),thenPL=0andwhenRLisinfinite(i.e.,anopencircuit),thenIL=0

andhencePL=0.Betweenthesetwoextremeconditions,PLalwayspossessesfiniteandpositive

values.Hence,foraparticularvalueofRL,powerdissipated(PL)mustbemaximum.Thisoccurs

whenRHSofaboveequationismaximumorwhendenominatorofRHSofaboveequationis

minimum,Since isconstant.

Let ( )+2 +RL=r

Forminimumvalueofr, =0 and ispositivei.e.,

( +2 + )=- +0+1=0

Or

Also (- +1)=2 =2 = (

Hencesecondderivativeispositive,therebyshowingthatRL= isaconditionforminimum

valueofrormaximumvalueofRL.
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AlsoPL(Max)= RL=

DELTA-STARTRANSFORMATION

Thisisamethodofobtainingequivalentstarofadeltaconnectedcircuit.

ConsideradeltaconnectedcircuitwiththreeresistancesR12,R23&R31asshowninfigureS-D1below.

Fig.S-D1

SupposeitsequivalentstarcircuitberepresentedbyR1,R2&R3.

TheresistancebetweenterminalsA&Bindeltaconnection

=R12x(R23+R31)/(R12+R23+R31) (i)

TheresistancebetweenterminalsA&Binstarconnection

=R1+R2 (ii)

Sincetheterminalsaresame

R1+R2=[R12x(R23+R31)]/(R12+R23+R31) (iii)

Similarly,bysolvingforterminalsB&C,C&Aweget

R2+R3=[R23x(R31+R12)]/(R12+R23+R31) (iv)

& R3+R1=[R31x(R12+R23)]/(R12+R23+R31) (v)

OnsolvingaboveequationswegettheDelta–StarTransformationas:

R1=(R12R31)/(R12+R23+R31)

R2=(R23R12)/(R12+R23+R31) (vi)

R3=(R31R23)/(R12+R23+R31)
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STAR-DELTATRANSFORMATION

Thisisamethodofobtainingequivalentdeltaofagivenstarconnectedcircuit.

Figure.S-D2

Referringtothecircuitwithresistancesconnectedinstari.e.R1,R2&R3asshowninfigureS-D2

aboveandtheequivalentDELTAvaluesR12,R23&R31canalsobedeterminedasfollows:

TotalresistancebetweenB&Cmustbesameforbothstar&deltaconnections.

So, BetweenterminalsB&C:

R2+R3=R23II(R31+R12)=(R23.R31+R23.R12)/(R12+R23+R31) (vii)

Similarly,ForterminalsC&A,A&Bweget,

R3+R1=R31II(R12+R23)=(R31.R12+R31.R23)/(R12+R23+R31) (viii)

andR1+R2=R12II(R31+R23)=(R12.R31+R12.R23)/(R12+R23+R31) (ix)

Addingtheabovethreeequationsweget:

2(R1+R2+R3)=2(R12.R23+R23.R31+R31.R12)/(R12+R23+R31)

and (R1+R2+R3)=(R12.R23+R23.R31+R31.R12)/(R12+R23+R31) (x)

SolvingtheaboveequationsforR1,R2&R3weget:

R1= R31.R12/(R12+R23+R31) (xi)

R2= R12.R23/(R12+R23+R31) (xii)

R3= R23.R31/(R12+R23+R31) (xiii)

Dividing(xi)by(xii)weget,

R1/R2=R31/R23 OR R31=R1.R23/R2 (xiv)
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Similarlyweget

R3/R1=R23/R12 OR R12=R1.R23/R3 (xv)

SubstitutingthevalueofR31&R12fromeqn.(xiv)&(xv)respectivelyin(vii)weget

R2+R3={R23(R1.R23/R2)+R23(R1.R23/R3)}/{R23+(R1.R23/R2)+(R1.R23/R3)}

R2+R3={(R1.R23/R2)+(R1.R23/R3)}/{1+(R1/R2)+(R1/R3)}

R2+R3=(R1.R3.R23+R1.R2.R23)/(R2R3+R1R3+R1R2)=R1R23(R3+R2)/(R2R3+R1R3+R1R2)

R1R23=R2R3+R1R3+R1R2

ORR23=R2+R3+R2R3/R1

Similarlyweget

R31=R3+R1+R3R1/R2 and R12=R1+R2+R1R2/R3

Hence,theDeltaequivalentvaluesareobtainedgiventhestarvaluesofthenetwork.

ELECTRO-MAGNETICINDUCTION

In1931,M.Faradaydiscoveredthatacurrentisgeneratedwheneverthemagneticfluxlinked

withacircuitchanges.
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Forexample,Ifwetakeasolenoid(i.e.acoilofaconductingmaterialwoundonahollowcylinder

ofcardboard)andplaceitverticallyonatable&connectthetwoendsofthecoiltoasensitive

galvanometer.Now,Ifweinsertamagnetrapidlyintothesolenoid,adeflectioningalvanometer

needleisproduced.Now,ifwewithdrawthemagnetrapidlyfromthesolenoid,amomentary

deflection,butinoppositedirectionisproduced.Thisdemonstratesthefactthatanelectric

currentisinducedinacircuitwhenthestrengthofmagneticfieldorthenumberoflinesofforce

throughitchanges.Thecurrentsoproducediscalledinducedcurrent&theemfcausingthis

currenttoflowiscalledinducedemf&thisphenomenaofproductionofinducedemfas

describedaboveiscalledelectro-magneticinduction.

Faraday’sLawsofElectro-MagneticInduction

1.Faraday’sfirstlawstatesthat‘whenthenumberofmagneticlinesofforce(ormagneticflux)

passingthroughacircuitchanges,aninducedemfissetupinthecircuit.

2.Faraday’ssecondlawstatesthatthemagnitudeofemfinducedisproportionaltotherateof

changeofmagneticlinesofforce.

SupposethefluxofacoilhavingNturns,changesfrominitialvalueφ1webertothefinalvalueof

φ2weberintseconds.Then,theinitialfluxlinkage=[No.ofTurns]x[initialfluxlinkedwithcoil]=

Nφ1

Similarly,thefinalfluxlinkage=[No.ofTurns]x[finalfluxlinkedwithcoil]=Nφ2

Hence,theInducedEMF(e)=(Changeinfluxlinkages/Timeinseconds)

Thecorrespondingexpressionindifferentformise=d(Nφ/dt)=Ndφ/dtvolts

Sincetheemf setupacurrentindirectionwhichopposestheverycauseproducingmagnetic

fieldSoaminussignisgiventoit.

Thuse=-Ndφ/dtvolt
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2. LENZ’slaw

Faraday’slawsprovidenoidearegardingthedirectionofinducedEMF.Thedirectionofinduced

EMFishowever,givenbyLenz’sLawwhichstatesthat“thedirectionoftheinducedcurrent(or

EMF)issuchthatitopposestheverycauseproducingthiscurrent(orEMF)”i.e.itopposesthe

changeinmagneticflux.

FLEMMING‘sLEFT-HANDRULE

Flemming’slefthandrulestatesthatIfwestretchoutthethumb,thefore-finger&themiddle

fingerofthelefthandsothattheyareatrightanglestoeachotherthenifthefore-fingerpoints

inthedirectionofmagneticfield,themiddlefingerinthedirectionofcurrentthenthethumb

pointsinthedirectionmotionorthemechanicalforceexperienced.
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FLEMMING’S RIGHT-HANDRULE

Flemming’srighthandrulestatesthatIfwestretchoutthethumb,thefore-finger&themiddle

fingeroftherighthandsothattheyareatrightanglestoeachotherandifthefore-fingerpoints

inthedirectionofmagneticfield,thethumbpointsinthedirectionmotionoftheconductorthen

themiddlefingerpointsinthedirectionofcurrent.

…………………xxxxxxxx………………………………
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2.1 ElectricFieldversusMagenticField.

Similarities

ElectricField
1) FlowofCurrent(I)

2) Emfisthecauseofflowofcurrent

3) Resistanceofferedtotheflowof

Current,iscalledresistance(R)

MagneticField
1) Flowofflux()

2) MMfisthecauseofflowofflux

3) Resistanceofferedtotheflowof

flux,iscalledreluctance(S)

4) Conductance()
1

R
4)

Permitivity()

5) Currentdensityisamperes

persquaremeter.

6) Current(I)-EMF
R

5)

Fluxdensityisnumberoflines

persquaremeter.

6) Flux()
MMF

S

Dissimilarities

1) Currentactuallyflowsin

anelectricCircuit.

2) Energyisneededaslongas
currentflows

3) Conductanceisconstantandindependent

ofcurrentstrengthataparticular

temperature.

1)

1
S
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Fluxdoesnotactuallyflowina

magneticcircuit.

2) Energyisinitiallyneededto

createthemagneticflux,but

nottomaintainit.

3) Permeability (or magnetic

conductance)dependsonthe

total flux for a particular

temperature.
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2.2 Introduction

Anobjectwhichattractsiron,nickel,cobaltetcandwhensuspendedfreely,points

towardsthepolesofearth,iscalledmagnet.Thepowerofamagnetbywhichitattracts

certainsubstances,iscalledmagnetism,whilematerialswhichareattractedbyamagnet,

arecalledmagneticmaterials.

TypesofMagneticMaterials:

Magneticmaterialscanbebroadlyclassifiedintotwogroups.

(i) SoftMagneticMaterials

(ii) HardMagneticMaterials

(i) Softmagneticmaterials

Like silicon iron (3 to 4% silicon content)are used in electric machines &

transformers.Theirhysteresisloopsare,generally,characterisedbyatall,butnarrow

hysteresisloopofsmallarea.

(ii) Hardmagneticmaterials:-

Likealnico(ironalloyedwithaluminum,nickelandcobaltareusedforpermanent

magnetsandmagnetictapes.Theirhysteresisloopsaregenerallycharacterisedbya

broadhysteresisloopoflargearea.

B-H.Curve:

PlaceapieceofanunmagnetisedironbarABwithinthefieldofasolenoidto

magnetiseit.ThefieldH producedbythesolenoid,iscalledmagnetisingfield,whose

valuecanbealtered(increasedordecreased)bychanging(increasingordecreasing)the

currentthroughthesolenoid.Ifweincreaseslowlythevalueofmagneticfield(H)from

zerotomaximum value,thevalueoffluxdensity(B)variesalong1to2asshowninthe

figureandthemagneticmaterials(i.eironbar)finallyattainsthemaximum valueofflux

density(Bm)atpoint2andthusbecomesmagneticallysaturated.





24

Now ifvalueofH isdecreasedslowly(bydecreasingthecurrentinthesolenoid)the

correspondingvalueoffluxdensity(B)doesnotdecreasesalong2-1butdecreasessome

whatlessrapidlyalong2to3.Consequentlyduringthereversalofmagnetization,the

valueofBisnotzero,butis'13'atH=

0.Inotherwards,duringtheperiodofremovalofmagnetizationforce(H),theironbaris

notcompletelydemagnetized.

In orderto demagnetise the iron barcompletely,we have to supply the

demagnetisastionforce(H)intheoppositedirection(i.e.byreservingthedirectionof

currentinthesolenoid).ThevalueofBisreducedtozeroatpoint4,whenH='14'.This

valueofHrequiredtoclearofftheresidualmagnetisation,isknownascoerciveforcei.e.

thetenacitywithwhichthematerialholdstoitsmagnetism.

Ifafterobtainingzerovalueofmagnetism,thevalueofHismademorenegative,

theironbaragainreaches,finallyastateofmagneticsaturation atthe point5,which

represents negative saturation.Now ifthe value ofH is increased from negative

saturation(='45')topositivesaturation(='12')acurve'5,6,7,2'isobtained.Theclosed

loop"2,3,4,5,6,7,2"thusrepresentsonecompletecycleofmagnetisationandisknownas

hysteresisloop.

2.3 Permeability:-

Everysubstancepossessesacertainpowerofconductingmagneticlinesofforce.

Forexample,ironisbetterconductorformagneticlinesofforcethanair(vaccum).

Permeabilityofamaterial()isitsconductingpowerformagneticlinesofforce.Itisthe

ratioofthefluxdensity.

(B) Producedinamaterialtothemagneticfiledstrength(H)i.e.=B
H

Reluctance:

Reluctance(s)isakintoresistance(whichlimitstheelectricCurrent).Fluxina

magnetic circuitis limited by reluctance.Thus reluctance(s)is a measure ofthe

oppositionofferedbyamagneticcircuittothesettingupoftheflux.

Reluctanceistheratioofmagnetomotiveforcetotheflux.Thus

SMmf


Itsunitisampereturnsperwebber(orAT/wb)
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Ex:- Acoilof300turnsandofresistance10iswounduniformlyoverasteelringof

mean

circumference30cmandcrosssectionalarea9cm2.Itisconnectedtoa20vd.c.Iftherelative
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R

permeabilityoftheringis1500,Find(i)themagnetizingforce(ii)thereluctance(iii)mmf

(iv)theflux.

Soln:-HenceN=300,Rcoil=10,l=30cm =0.3m,

A=9cm2=9x10-4m2,r=1500,r=4x10-7

No
w

IV 20 2A
coil

(i) MagnetizingforceH
NI

l
l


3002

2,000AT/m
0.3

0.3

(ii) ReluctanceSAor


910441071500

=1,7684x109AT/wb

(iii) Mmf–NI=300x2=600AT

(iv) Flux=
Mmf

Reluctanc

e


NI


S
3002

1.76841
09

=3.39x10-3wb=3.39
wb -0-
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whatisD.C.

1.TheDirectcurrentorD.C.alwaysflowsinonedirection&itsmagnituderemains

unchanged

2.HereyouseethevoltagevalueisVvolts&CurrentvalueisIamperesforalltimeto

comei.e.asthetimeprogresses.

[Figure(a)]
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whatisA.C

1.TheAlternatingcurrentorA.C.isonewhichchangesbothinitsdirection&its
magnitude.

[Figure(b)]

TheACcurrentshownintheabovecircuitreversesitdirectionaftersometimeasyou

seeinthewaveform diagram.

ACwaveformscanalsobeotherthanlikeasinewavethatwillbediscussed

lateron.HOW A.C.ISDIFFERENTFROM D.C

AlternatingCurrent DirectCurrent

1.Themagnitudeanddirectionboth
changes.

1.Both magnitude& Direction remain

2.Byusingtransformers,A.C.voltagescan
be

constant.

increasedordecreasedasdesired. 2.Nosuchprovisioncanbemade.

3.A.C.circuitcurrentcanbedecreasedby 3.For decreasingD.C. circuitcurrent,a

using choke or capacitorwithout any

appreciablepowerloss.

resistancehastobeused,whosepower

dissipationfactor(I2R)islarge.

4.A.C.canbeconvertedintoD.C.byusing
a

4.D.C.canbeconvertedtoA.C.byusing

device,calledconvertor(rectification
circuit)

choppers(inverters).

5. A.C. cannotbe used directly for 5.D.C.canbeuseddirectlyforcarryingout

electroplating,electrotyping,etc. suchoperations.

FaradayslawsofElectromagneticInduction.
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FirstLaw-Wheneveracoilcutsthemagneticlinesofflux(φ)Electro-Magnetic

Force(e.m.f)isinducedinthecoili.e.

EMFInducedinacoilofNturns=e=-Ndφ/dt
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SecondLaw-Themagnitudeofe.m.finducedisdirectlyproportionalto

therateofchangeofMagneticFluxcutbythecoili.e.e=-N

dφ/dt

GENERATIONOFALTERNATINGEMF

LettherebearectangularcoilofNturnsandismadefreetorotateinacounterclockwise

directionandispositionedinsidethemagneticfieldproducedbyanorth-southpole

magnetasshowninthefigurebelow.

Ifthecoilrotatesatanangularvelocityofωradianspersecondthenafteratimeoft

secondsthecoilwillmakeanangleofθ=ωtdegreeswiththehorizontali.e.starting

position.

Componentoffluxperpendiculartotheplaneofthecoilis:-

Φ=ΦMcosωt

Anglesubtendedbythecoilintimetis

θ=ωt

So ω=
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MagneticFlux=Ø=Øm Coswt

ForNturnsNØ=NØm Coswt

InducedemfinthecoilaccordingtoFaradays

Law=e=-d(NØ)/dtvolt=-d{(NØm Coswt)}/dt

volts

=-NØm d(Coswt)/dtvolts=ωNØm Sinwt

volte=Em Sinwt(Em =ωNØm)

Questions/Answers

1.IsthiswaveformsAC?

2.WhatistheperiodofsinusoidalA.C.waveform shownbelow?
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3.WhatishappeninginaGeneratororaCell.

VARIOUSA.C.TERMS

AMPLITUDE:Themaximum value(positiveornegative)attainedbyanalternating

quantityiscalledits

AmplitudeorPeakvalue.

CYCLE:Onecompletesetofpositiveandnegativevaluesofanalternatingquantityis

knownascycle.

TIME PERIOD (T):The time period taken in seconds to complete one cycle ofan

alternatingquantityiscalleditstimeperiod.

FREQUENCY(f):Thenumberofcyclesthatoccurinonesecondiscalledthefrequency(f)

ofthealternatingquantity.

ALTERNATION:Alternationisone-halfofthecycleofanalternatingquantity.

PHASE:Phaseofanalternatingquantityisthefractionofthetimeperiodorcyclethathas

elapsedsinceitlastpassedfrom thechosenzeropositiononorigin.

PHASEDIFFERENCE:Phasedifferencebetweentwoalternatingquantitiesisthefractional

partofaperiodthroughwhichtimeofonealternatingquantityhasadvancedoveranother

alternatingquantity.
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INSTANTANEOUSVALUE:Thevalueofanalternatingquantityatanyinstantiscalledits

instantaneousvalue.

AVERAGEVALUE

Averagevalueofa.c.isthatvalueofsteadycurrent(d.c.)whichwhenflowingthrougha

circuittransferssameamountofchargeasisdonebya.c.throughthesamecircuitin

sametime.

RMS/EFFECTIVEVALUE

Theeffectiveorr.m.s.valueofanalternatingcurrentisthatsteadycurrent(d.c.)which

whenflowingthroughagivenresistanceforagiventimeproducesthesameamountof

heatasproducedbythealternatingcurrentwhenflowingthroughthesameresistancefor

thesametime.

GraphicalMethod
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Amplitudefactor(peakfactor)

Theratioofpeakvalueormaximum valuetor.m.s.valueofana.c.quantityiscalled

Amplitudefactor.

Form factor:

TheratioofR.M.S.valuetoaveragevalueofana.c.quantityiscalledform factor.

Assignments/Discussion:-

1.Determinethefollowingforthea.c.waveform givenbyV=141.4sin(628t)
a.Maximum value
b.R.M.S.value
c.Averagevalue
d.Amplitudefactor
e.Formfactor
f. Frequency
g.Timeperiod
h. Determinethetimetakentoattain100voltafterreachingmaximum valueand

decreasingthereafter.

Solution

DoYOUKNOW

100=141.4sin628t

Sin628t=(100/141.4)=(1/√2)=Sin45̊,135̊=Sin(π/4),(3π/4)

Hence628t=(3π/4)(Thinkwhynotπ/4)

t=[3π/(4x628)]=?



33

PHASORREPRESENTATIONOFALTERNATINGQUANTITY

AphasorisavectorrotatingataconstantangularvelocityinCounter-clockwiseDirection.

Phasordiagram isoneinwhichdifferentalternatingquantities(sinusoidal)ofthesame

frequencyarerepresentedbyphasorswiththeircorrectphaserelationship.

SIGNIFICANCEOFj-OPERATOR

Multiplicationofaphasorwithjrotatesthephasorbyanangleofπ/2or900incounterclock-wise

direction.

REPRESENTATIONOFPHASORINCOMPLEXPLANE

I) RectangularorCartesianForm:A=a+jb,θ=tan-(b/a)

II) TrigonometricForm (Euler’sIdentity):A=Aejθ =A(Cosθ+jSinθ)

III) PolarForm:A=A∟
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Discussion:

a.Convert7+j24toPolarcoordinate?Modulus= =25,ButArgument\Angle=?

b. Convert5/_53.130toRectangularcoordinate.[5(cos53.130+jsin53.130)]

A.C.THROUGHPURELYRESISTIVECIRCUIT

Ohm’slaw

statesE=iR

E=Appliedvoltage

i=Instantaneousvalueof

currentR=Ohmicresistance

LetusFindCurrentflowinginthiscircuit:

E=EmSinθ=EmSinwt

Alsoe=iR(Ohm’slaw)

iR=EmSinwt

i=(Em/R)Sinwt=ImSinwt(WhereIm=Em/R)

CONCLUSION:INAPURELYRESISTIVECIRCUITTHEAPPLIEDA.C.VOLTAGE&

CIRCUITCURRENTAREIN-PHASE.

POWERINAPURELYRESISTIVECIRCUIT

P=ei=Em.ImSin2wt=(EmIm/2)(1-Cos2wt)

CONCLUSION:AVERGEPOWERDISSIPATIONOVERCOMPLETECYCLE=
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LetusSolve

Avoltagev=141Sin(314t+π/3)isappliedtoaresistanceof10Ω.FindtheR.M.Sand

maximum valueofcurrent

i=V/R=(141/10)Sin(314t+π/3)

=14.1Sin(314t+π/3)

Maximum value=?

R.M.Svalue=Maximum value/√2=?

A.C.THROUGHPURELYINDUCTIVECIRCUIT

Inducedemf=ein=-L

e=Appliedvoltage=-

eine=Ldi/dt=EmSin

wt

di=(Em/L)Sinwt.dt

Onintegration

i=Em/L∫Sinwt.dt=Em/wL(-Coswt)=(Em/wL)Sin(wt-π/2)

(whereIm=Em/wL)

wL=2πfL=XL=INDUCTIVEREACTANCE
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CONCLUSION:

INAPURELYINDUCTIVECIRCUITTHECIRCUITCURRENT(I)LAGSBEHINDTHE

APPLIEDA.C.VOLTAGE(e)BYANANGLEOFπ/2OR900.

POWERINAPURELYINDUCTIVECIRCUIT

p=ei=Em.ImSinwt.Sin(wt-π/2)

=-EmImSinwt.Coswt=-(EmIm/2)Sin2wt

Powerincompletecycle,P=-(EmIm/2)∫Sin2wt=0

CONCLUSION:

AVERGEPOWERDISSIPATIONBYAPURELYINDUCTIVEA.C.CIRCUITISZERO.
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Discussion/Assignment

AvoltageV=141Sin(314t+π/3)isappliedtoainductanceof0.1H.FindXL,i,

IMAXSolution:

wL=2πfL

i.e.,XL=INDUCTIVEREACTANCE=314x0.1=WHAT

i=Vm/XL=Sin(314t+(π/3)–(π/2))

=141/31.4Sin(314t-π/6)

=4.49Sin(314t-π/6)

Maximum valueofcurrentIMAX=FIND

A.C.THROUGHPURELYCAPACITIVECIRCUIT

Foracapacitor:C=q/v=q

/eq=C.e=C.EmSinωt

(puttinge=EmSinωt)

i=dq/dt=

=ω.C.EmCosωt

= Sin(wt+π/2)= Sin(wt+π/2)

=ImSin(wt+π/2)(where = )

Where,Xc= = =CapacitiveReactance

CONCLUSION:INAPURELYCAPACITIVECIRCUITTHECIRCUITCURRENT(I)LEADSTHE

APPLIEDVOLTAGE(e)BYANANGLEOFπ/2OR900.
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POWERINAPURELYCAPACITIVECIRCUIT

P=ei=Em.ImSinwt.Sin(wt+π/2)

=Em.ImSinwt.Coswt=½.EmImSin2wt

CONCLUSION:

THEPOWERDISSIPATIONOVERACOMPLETEA.C.CYCLEINAPURELYCAPACITIVE

CIRCUITISZERO.

SolveYourself

AvoltageV=141Sin(314t+π/3)isappliedtoa10µfcapacity.FindXC,i,

Irms,IMAXSOLUTION:

XC=1/wc=1/314x10x10-6 =v318.47Ω

i=(141/318.47)Sin(314t+(π/3)+(π/2))

=0.443Sin(314t+5π/6)

Maximum valueofcurrentIMAX=0.443Amp

Irms=0.443/2=0.313Amp

A.C.THROUGHSERIESR-LCIRCUIT
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L

L

L

Voltageacrossresistance=VR=

IRVoltageacross

Inductance=VL=IXL

Supplyvoltage:=E=√[V2+V2]
R L

=√[(IR)2+(IXL)2]

= I√[R2+X2]

I=E/√[R2+X2]

=E/Z

Where,Z=IMPEDANCE=√[R2+X2]

∟Z = tan-(XL/R)

CONCLUSION:

IN A SERIES R-LCIRCUIT CONNETED TO A.C.SUPPLY,THEAPPLIED VOLTAGE(E)

LEADSTHECIRCUITCURRENT(I)BYANANGLEϕCALLEDTHEPOWERFACTORANGLE.

POWERFACTORISCOSINEOFTHEANGLEOFLEAD/LAGBETWEENAPPLIEDVOLTAGE

&CURRENTINANA.C.CURRENT.

P.F.=Cosφ=(R/Z)

P=V.I.Cosφ=IZ.I.(R/Z)=I2R(ACTIVEPOWER)

Q=V.I.Sinφ=IZ.I.(XL/Z)=I2XL(REACTIVEPOWER)S

=V.I=IZ.I=I2Z(APPARENTPOWER)

S=√(P2+Q2)&∟S=tan-(Q/P)
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PROBLEM-

An inductive coiltakes 10 Amp when connected to 250v,50hzmains.The power

consumedis1000watt.Find(a)Z,R,XLL(b)Powerfactor,(c)Apppowerandreactive

power(d)PhaseanglebetweenV&I.

SOLUTION:

(a)Z=(V/I)=250/10=25Ω

P=VICosθ

Cosθ=(P/VI)=(1000/(250x10))=0.4

Sinθ0.917

R=ZCosθ=25x0.4=10Ω

XL=ZSinθ=25x0.917=22.93Ω

L=(XL/W)=(22.93/(2πx50))=0.073H

(b) Powerfactor=Cosθ=0.4lagging

(c) AppPower=S=VI=2500VA

Reactivepower=θ=VISinθ=2500x0.917=2292.5Vars

(d) Cosθ=0.4

θ=66.420

Currentphasorlagsvoltagephasorby66.420

A.C.THROUGHSERIESR-CCIRCUIT

Voltageacrossresistance=VR=IR

Voltageacrosscapacitance=Vc=

IXcSupplyvoltage:=E=√[VR
2+Vc

2]
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C

C

C

C

VR=IR

VC=IXC

E= √[VR
2+V2

=√[(IR)2+(IXC)2]

= I√[R2+X2

I=E/√[R2+X2=E/Z

Z=IMPEDANCE=√[R2+X2

∟Z=tan-(XC/R)

CONCLUSION:

INASERIESR-CCIRCUITCONNETEDTOA.C.SUPPLY,THEAPPLIEDVOLTAGE(E)LAGS

THECIRCUITCURRENT(I)BYANANGLEφCALLEDTHEPOWERFACTORANGLE.

P.F.=Cosφ=(R/Z)

P=V.I.Cosφ=IZ.I.(R/Z)=I2R(ACTIVEPOWER)

Q=V.I.Sinφ=IZ.I.(XC/Z)=I2XC(REACTIVEPOWER)S

=V.I=IZ.I=I2Z(APPARENTPOWER)

S=√P2+Q2&∟S=tan-(Q/P)

PROBLEM-

AvoltageV=V2(230)SinwtisappliedtoaseriesRCCircuithavingR=20ΩandC=100
µF.

Find(a)XC,Z,(b)Y,B,G,(C)Currentandpowerfactor(d)S,P,Q(e)Writeexpressionfor

instantaneouscurrent.

SOLUTION:V=230∟00
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(a)XC=(1/wc)=(1/2πx50x100x100x10-6)=31.83Ω

Z=R-jXC=20–j31.83Ω=37.59∟-57.86Ω

(b)Y=(1/Z)=Admittance=(1/37.59∟-57.86=0.0266∟57.860

=0.01415+j0.0225

SiemensY=G+jB

SoG=0.01415Siemens&B=0.0225Siemens

(c)I=(V/Z)=(230L00/37.59∟-57.860=6.12∟57.860Amp

Powerfactor=Cos(57.860)=0.522leading

(d)AppPower=S=VI=230x6.12=1407.6VA

Activepower=P=VICosθ=(1407.6x0.532)=748.84watt

Reactivepower=Q=-VISinθ=(-1407.6xSin57.860)=-1191.9Vars

(e)Instantaneousvalue=2x6.12Sin(wt+57.860)=8.65Sin(wt+

57.860)A.C.THROUGHSERIESR-L-CCIRCUIT

Voltageacrossresistance=VR=

IRVoltageacross

Inductance=VL=IXLVoltage

acrosscapacitance=Vc=IXc

SupplyVoltage=E=√[VR
2+(VL–VC)2]=√[(IR)2+(IXL-IXC)2]

= I√[R2+(XL-XC)2]

I=E/√[R2+(XL-XC)2]=E/√[R2+X2]=E/ZZ

=IMPEDANCE=√[R2+(XL-XC)2]
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∟Z=tan-(XL-XC)/R
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CONCLUSION:

INASERIESR-L-CCIRCUITCONNETEDTOA.C.SUPPLY,THEAPPLIEDVOLTAGE(E)

LEADSTHECIRCUITCURRENT(I)IFXL>XC&LAGSBEHINDCIRCUITCURRENTIFXL<XC&

REMAININ-PHASEIFXL=XC.

P.F.=Cosφ=(R/Z)=R/√{R2+(XL-XC)2

P=V.I.Cosφ=IZ.I.(R/Z)=I2R(ACTIVEPOWER)

Q=V.I.Sinφ=IZ.I.((XL-XC)/Z)=I2[XL-XC](REACTIVEPOWER)S=

V.I=IZ.I=I2Z(APPARENTPOWER)

S=√[P2+Q2&∟S=tan-((XL-XC)/R)

PROBLEM-

Aresistanceof10Ω,inductanceof0.1H&capacitance50microfaradareconnectedin

seriesacrossa230v,50Hzsupply.Find(a)XL,XC&Z,(b)I&Powerfactor(C)Active,

reactiveandapparentpower(d)Y,G,B

SOLUTION:V=230L00

(a)wL=2πfL=XL=INDUCTIVEREACTANCE2

πfL=2π50x0.1=31.41Ω

XC=(1/wc)=(1/2π50x50x10-6)=63.66Ω

Z=R+j(XL-XC)=10+j(31.41-63.66)=10–j32.25=33.76∟-72.770

(b) I=CURRENT=(V/Z)=(230∟00/33.76∟-72.770=6.8∟72.770Amp

Powerfactor=Cos(72.770)=0.296leading

(c)AppPower=S=VI=230x6.8=1564VA

Activepower=P=VICosθ=(1564x0.296)=462.9watt

Reactivepower=Q=VISinθ=(1564xSin-72.770)=-1496.80

Vars(d) Y=(1/Z)=Admittance=(1/33.76∟-72.770=0.0296

∟72.770

=0.00877+j0.0283

SiemensY=G+jB

SoG=0.00877Siemens&B=0.0283Siemens

…………………xxx………………………………
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BULKELECTRICPOWERISPRODUCEDBYSPECIALPLANTSKNOWNAS

GENERATINGSTATIONSORPOWERPLANTS.

1.STEAM POWERSTATION(THERMALSTATION)

2.HYDRO-ELECTRICPOWERSTATION

3.NUCLEARPOWERSTATION

STEAM POWERSTATION(THERMALSTATION

CHOICEOFSITE

1.SUPPLYOFFUEL:-Thesteam powerstationshouldbelocatednearcoalminesso

thattransportationcostoffuelisminimum.

2.AVAILABILITYOFWATER:-Ahugeamountofwaterisrequiredforthecondenser

forwhichitisitisessentialthattheplantshouldbelocatedatthebankofariveror

nearacanaltoensurecontinuoussupplyofwater.

3.TRANSPORTATIONFACILITIES:-:Amodernsteam powerstationoftenrequiresthe

transportation ofmaterialand machinery.Therefore adequate transportation

facilitiesbyrailorRoadshouldexist.
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4.COSTANDTYPEOFLAND:-Thesteam powerstationshouldbelocatedataplace

wherelandischeapandfurtherextensionifnecessaryispossible.

5.NEARNESSTO LOAD CENTRES:-Inordertoreducetransmissioncosttheplant

shouldbelocatednearthecenterofload.

6.DISTANCEFROM POPULATEDAREA:-Ashugeamountofcoalisburntinasteam

powerPlantduetowhichsmokeandfumespollutesthesurroundingarea.This

necessitatesthatplantshould belocateataconsiderabledistancefrom the

populatedareas.

MAINUNITSOFPLANT

1.COALSTORAGEPLANT:-Coalistransportedtothepowerstationbyroadorrail

andisstoredincoalstorageplant.

2.COALHANDLINGPLANT:-:From thecoalstorageplantcoalisdeliveredtothecoal

handlingplantwhereitispulverizedforrapidcombustionwithoutusingexcess

amountofair.

3.ASHSTORAGEPLANT:-Thecoalisburntintheboiler&theashproducedafterthe

completecombustionofcoalisremovedtotheashhandlingplant.

4.ASHHANDLINGPLANT:-theashfrom ashhandlingplantisthendeliveredtothe

ashstorageplantforsubsequentuseasfertilizeretc.

5.BOILER:-Theheatofcombustionofcoalintheboilerisutilizedtoconvertwater

intosteam atveryhightemperatureandpressure.Thefluegasesfrom theboiler

makestheirjourneythroughsuperheater,economizer,airpre-heater&arefinally

exhaustedtotheatmospherethroughthechimney.

6.SUPERHEATER:-Thesteam producedintheboileriswetandispassedthrough

superheaterwhereitisdriedandsuperheated.

7.ECONOMISER:-Aneconomizerisessentiallyafeedwaterheater&derivesheat

from thefluegasesforthepurpose.

8.AIRPREHEATER:-Airpre-heaterincreasesthetemperatureoftheairsuppliedfor

coalburningbyderivingheatfrom fluegases.

9.FORCEDDRAUGHTFAN:-Itdrawsairfrom atomospherewhichissuppliedtothe

boilerforeffectivecombustion.

10.INDUCEDDRAUGHTFAN:itdrawsthefluegasandsendstochimney.

11.CHIMNEY:-Thehotfluegasesgototheatmospherethoughchimney.

12.STEAM TURBINE:-Thedryandsuperheatedsteam from thesuperheaterisfedto

thesteam turbinewhichconvertstheheatenergyofsteam ttomechanicalenergy.

13.ALTERNATOR:-Thealternatorconvertsthemechanicalenergyofsteam turbineto

electricalenergy.
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14.CONDENSER:-Inordertoimprovetheefficiencyoftheplantthesteam exhausted

from theturbineiscondensedbymeansofacondenser.Thecondensatefrom the

condenserisusedasfeedwatertotheboiler.

15.COOLINGTOWER:Thecoolingtowerprovidesacoolingarrangementforthefeed

watertobereusedinboiler.

WorkingofThermalpowerPlant:Whenthewaterfrom condenserisfed

totheBoilerthroughEconomiseritremainsalittlehot.TheBoilerisa

extremelyheatedchamberbecauseofacontinuous burningofCoalin

presenceofairinjectedbyF.Dfanthroughpre-heater.
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So,,thewatergetsconvertedtosteam withveryhightemperatureand

pressureandreachestheSteam TurbinethroughSuper-Heater.The

InternalEnergyofSteam getsconvertedtoMechanicalEnergyby

TurbineandtheAlternatorconvertsthemechanicalEnergyofTurbine

outputtoElectricalEnergy.TheElectricalEnergythusproducedis

suppliedtotheBus-BarforPoweruse.

Assignments/Discussion:-

 WhataretheAdvantages/DisadvantagesofaSteam PowerStation?

ADVANTAGES

i) TheFuel(i.e.Coal)usedisquitecheap.

ii) Lessinitialcostascomparedtoothergeneratingstations.

iii) Itcanbeinstalledatanyplace&thecoalcanbetransportedbyRail/Road.

iv) Itrequireslessspaceascomparedtohydro-electricPowerStation.

DISADVANTAGES

i) Itpollutesair/atmosphereduetosmoke/fumes

ii) Runningcostishigherthanhydropower

plant.HYDRO-ELECTRICPOWER

STATIONCHOICEOFSITE

1.AVAILABILITYOFWATER:-Sincetheprimaryrequirementofahydro-electricpower

stationistheavailabilityofhugequantityofwateratagoodheadthisrequirement

isveryessential.

2.STORAGEOFWATER:-Therearewidevariationsinwatersupplyfrom ariveror

canalduringtheyear.ThismakesitnecessarytostorewaterbyconstructingaDam

inordertoensurethegenerationofpowerthroughouttheyear.

3.COST&TYPEOFLAND:-ThelandfortheconstructionofPlantshouldbeavailable

ata reasonable price.Furtherthe bearing capacityofthe ground should be

adequatetowithstandtheweightofheavyequipmenttobeinstalled.

4.TRANSPORTATIONFACILITY:ThesiteselectedshouldbeaccessiblebyRailand

Roadsothatnecessaryequipmentandmachineriesbeeasilytransported.

MAINCONSTITUENTSOFPLANT

1.DAM :-ADam isabarrierwhichstoreswater&createswaterhead.Damsare

builtofconcreteorstonemasonary,earthorrockfill.



49

2.SPILWAYS:-Therearetimeswhentheriverflowexceedsthestoragecapacity

ofthe reservoir.In orderto discharge the surplus waterfrom the storage

reservoirintotheriveronthedown-stream sideofthedam,spillwaysareused.

3.HEADWORKS:-Theheadworksconsistsofthediversionstructuresatthehead

ofan intake.Theygenerallyincludeboomsand racksfordiverting floating

debris,sluicesforby-passingdebris,sedimentsandvalvesforcontrollingthe

flowofwatertotheturbine.

4.SURGETANK:-Forcloseconduitsabnormalpressuremaycausedamagetothe

conduitleadingfrom headworkstopenstock.Surgetankactsasaprotection

forsuchsituation.

5.PENSTOCKS:-Penstocksareopenorcloseconduitswhichcarrywatertothe

turbines.Theyaregenerallymadeofreinforcedconcreteorsteel.

6.WATERTURBINES:-Waterturbinesareusedtoconverttheenergyoffalling

waterintomechanicalenergy.

7. ALTERNATOR:-Thealternatorconvertsthemechanicalenergyofturbinetoelectrical
energy.
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WorkingofHydro-ElectricPowerPlant:Whenthewaterfrom Reservoiris

allowedtogetreleasedthroughpressurechannel,itreachesthe

Valvehouse.

Thesurgetankisprovidedinordertosafeguardtheextraback-thrustof

watercausingheavydamagetoPenstock.Thevalvehousecontrolsthe

amountofwaterthatwillflowtothepowerhouseturbinesthroughthe

LargesizedPen-stocks.

InsidethepowerhousethewaterTurbineconvertthepotentialenergyof

waterwithsufficientheadtoKineticenergyi.e.mechanicalEnergywhich

inturnactsasaprime-moverfortheAlternatorasbeforeandgenerates

ElectricalEnergy.

Assignments/Discussion:-

 StatetheAdvantages/DisadvantagesofaHydro-PowerStation?

ADVANTAGES

i) ItrequiresnofuelaswaterisusedforthegenerationofElectricalEnergy.

ii) Itisquiteneat&cleanasnosmokeorashisproduced.

iii) Runningcostisverylessaswaterisused.

iv) Itissimpleinconstruction&requireslessmaintenance.

v) ItcanbestartedqualityascomparedtoThermalPowerStation.

vi) InadditiontogenerationofElectricalEnergytheseplantsarealsohelpfulin

irrigation&controloffloods.
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DISADVANTAGES

i) Itinvolveshighcapitallostduetoconstructionofdams.
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ii) Generationdependsonaveragerainfallroundtheyear.

iii) Highcostoftransmissionastheseplantsarelocatedinhillyareasquitefor

offfrom localities.

NUCLEAR POWER

STATIONCHOICEOFSITE

1.AVAILABILITYOFWATER:-Ahugeamountofwaterisrequiredforthecondenser

forwhichitisitisessentialthattheplantshouldbelocatedatthebankofariveror

nearacanaltoensurecontinuoussupplyofwater.

2.DISPOSALOFWASTE:-Thewasteproducedbyfissioninanuclearpowerstationis

generallyradio-activewhichmustbedisposedoffproperlytoavoidhealthhazards

forwhichitmustbeburiedindeeptrench.

3.DISTANCEFROM POPULATED AREA:-Thesiteforsettingupanuclearpower

stationshouldbequiteawayfrom populatedareas.

4.TRANSPORTATIONFACILITY:-Thesiteselectedforanuclearpowerstationshould

haveadequatefacilitiesinordertotransporttheheavyequipmentduringerection.

NUCLEARFUEL

1. URANIUM(U235)

2.PLUTONIUM(Pu239)

3.THORIUM(Th232)

FISSION&CHAINREACTION

WhenaU-235atom isstruckbyaslow neutron,itwillsplitintotwoormore

fragments.Thisiscalledanuclearfission.Thissplitting(fission)isaccompaniedby

releaseofthermalenergyinlargequantityandtwoorthreefastneutrons.These

fastmovingneutronsaresloweddownbymoderatorssothattheyhavehigh

probabilitytohitotheru-235atomswhichinturngetfissionedandreleaseheat

andneutrons.Thiscontinuousselfsustainingsequenceofnuclearfissionsiscalled

CHAINREACTION.

MAINUNITSOFPLANT

1.NUCLEARREACTOR:-Itisanapparatusinwhichthenuclearfuel(U235)is

subjectedtonuclearfission.

2.HEATEXCHANGER:-Thecoolantgivesupheattotheheatexchangerwhichis

utilizedinraisingthesteam &aftergivingupheatthecoolantisagainfedto
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thereactor.
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3.STEAM TURBINE:-Thedryandsuperheatedsteam from thesuperheaterisfed

tothesteam turbinewhichconvertstheheatenergyofsteam to

mechanicalenergy.

4.ALTERNATOR:-The alternatorconvertsthe mechanicalenergyofturbineto

ElectricalEnergy.
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WorkingofNuclearPowerPlant: Asdiscussedearlier,thechain

reactionproducesahugeamountofheatinsidetheNuclearReactorand

requiresalotofcaretocontrolthisreaction.TheheatoftheReactoris

carriedtoHeat-Exchangerbymoltensodium whichalsoheatsthewater

injectedintothisHeatExchangerchamber.Afterthewatergetsconverted

tosteam withveryhightemperatureandhighpressure,theTurbine

convertstheinternalEnergyofsteam toMechanicalEnergyandthisis

convertedtoElectricalEnergybyAlternatorasbefore.

Assignments/Discussion:-

 StatetheAdvantages/DisadvantagesofaNuclearPowerStation?

ADVANTAGES

i) Thereissavinginfueltransportationasamountoffuelrequired
isless.

ii) ANuclearPowerPlantrequireslessspaceascomparedto
otherplants.

iii) Thistypeofplantiseconomicalforproducingbulk
ElectricalEnergy.

DISADVANTAGES

i) Fuelisexpensiveanddifficulttorecover.

ii) Capitallostishigherthanotherplants.

iii) Experiencedworkmanshipisrequiredforplanterection&commissioning.

iv) TheFissionby-productsareradioactive&cancausedangerousradio-active



54

pollution.Thedisposalofby-productisbigproblem.

…………………………………………………………….xxxx……………………………………………
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4.1 Introduction
Ad.c.machineisadevicewhichconvertsmechanicalenergyintoelectricalenergy.
Whenthedeviceactsasageneratormechanicalenergyisconvertedintoelectrical
energy.Ontheotherhandwhenthedeviceactsasamotor,theelectricalenergyis
convertedintomechanicalenergy.However,duringtheconversionprocessapart
oftheenergyisconvertedintoheat,whichislostandisnotreversible.Thusan
electricalmachinecanbemadetoworkeitherasageneratororamotor.

4.2 MainPartsofD.C.Machine
(1)YokeorMagneticframe(2)PoleShoesandPoleCore(3)Armature Core
(4)Field Coils(5)Armaturewindings(6)Commutator(7)BrushesandBearings(8)
Shaft(9)EndCovers,(10)Feet.

Fig.4.1
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4.3 PrincipleofoperationofD.C.Generator
Whenaconductororconductorsrotateinamagneticfield,anemf.isinducedin
theconductororconductors.Theinstaneousvalueoftheinducedemfisgivenby

e=Blvsin
whereB=Magneticflux
densityl=lengthof
theconductor
v=Velocityoftheconductor

And=Anglebetweenthemagneticfieldanddirectionofmotionofthe
conductorwithrespecttomagneticfield.

Fig.4.2

Whenshaftisrotated(bysomeprimemover)therotorturnsanda.c.isinduced
inthearmaturecoil.Theinstantaneousemfgivenearlieras

e=Blvsin

Intheabovefiguretheplaneofthecoilisinthedirectionofthemagnetic

fieldandtheinducedemfismaximum.Butasthearmaturerotatesthrough90o

,theinducedemfreducesandbecomeszero.Duringthisperiod,thecurrent
directionisshowninthefigurewherecurrentflowsfrom thebottom segmentand
brushintothetopsegmentandbrush.

Asthearmaturerotatesfurtherfrom thisposition,thepolarityofinduced
emf.is

reversedandthecurrentdirectionisalsoreversed.Asthearmaturerotates
another

90o

theemf.inducedinthearmatureisagainatamaximum.Thecurrentduringthis
periodflowsoutofthetopsegment.Asthepolarityofinducedemf.hasbeen
reversed during thisperiod currentin theexternalcircuitflowsin thesame
direction.

With continued rotation ofthe armature,the a.c.emf.induced in the
armatureconductorsismadetoenterandleavethebrushesinthesamedirection
intotheexternalcircuitatalltimes.Theactionofcommutatorandthecoilresults
inafluctuatingd.c.outputofafullwaverectifier.
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4.4. EMFEquationofGenerator:
Let=flux/poleinwebber.
Z=TotalNumberofarmatureconductors.
=NoofSlotsXNoofConductors/Slot



5
 

P=Noofgeneratorpoles
A=NoofParallelpathsinarmature
N=Armaturerotationinrevolutionsperminute(RPM)

GeneratedEMF(Eg)=emfinducedinanyoneParallelpathinarmature.

Averageemf.Generated/
Conductor=

dvots.
dt

Nowfluxcut/conductorinonerevolution.
d=Pwb

Noofrevolution/second=N

60

Thereforetimeforeonerevolution.
dt=

60

s
N

Henc
e

d=
dt

P
=

(60/N)

P

N

60

volt

Forwave-wound

GeneratorNoofparallel

path(A)=2

No.ofconductorsinonepath=Z/2

EMFgenerated/
path=

PN
X

Z

PNZ

Volt

60 2 120

ForLapwound

generatorNoof

ParallelPaths=P

Noofconductorsinonepath=Z/P

EMFgenerated/
path=

PN
X

Z

ZN

Volt

60 p 60

Ingeneral,generatedEMF
Eg=

ZNXP

60 A

Where A=2–forwave–winding.



A=Pforlap–winding.
4.5 Ex.Ashuntgeneratordelivers450Aat230Vandtheresistanceoftheshuntfield

andarmatureare50and0.03respectively.CalculatethegeneratedEMF.
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Currentthroughthefield

winding=LoadcurrentI=450A
ArmatureCurrentIa=I+
IfIa=450+4.6=453.6A

Fig.4.3

230
=4.6A

50

Armaturevoltagedrop(IaRa)=454.6X0.03=
13.6V.Eg.=terminalvoltage+Armaturedrop
Eg=V+IaRa=230+13.6=243.6V.

4.6 ClassificationofD.C.Generator

D.C.Generator

(a)SeparatelyExcitedd.c.generator (b)SelfExcited
d.c.
Generator

Shuntwoundd.c.generator Serieswouldd.c.generator Compoundwoundd.c.
generator

LongShunt
compoundwound
d.c.generator

4.7 MotorEquation

Shortshunt
compoundwound
d.c.Generator

Whenthemotorarmaturerotates,theconductorsalsorotateandhencecuttheflux.
Inaccordancewiththelawsofelectromagneticinductionemf.isinducedinthem
whosedirectionisfoundbyFlemins’Righthandrule,isinoppositiontotheapplied
voltage.Becauseofitsopposingdirection,itisreferredtoasbackemf.Eb.

CurrentIa
Netvoltag

e

Fig.4.4

Ia

V–Eb=IaRa

SoV=Eb+IaRa.
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Resistance


VEb

Ra

Ex. A220VD.C.machinehasanarmatureresistanceof0.5.Ifthefullloadarmature
currentis20A.Findtheinducedemf.Whenthemachineactsas(i)Generator
(ii)Motor
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Fig.4.5

(a)AsGeneratorEg=V+IaRa
=220+(0.5X20)=220+10=230V

(b)AsmotorEb=V–IaRa=220–(0.5X
20)Eb=220–10=210V

4.8 ClassificationofD.C.Motor

D.C.Motor

ShuntMotor SeriesMotorCompoundMotor

Cumulativecompoundmotor DifferentialCompound
Motor

4.9 UsesofD.C.Generators:
(1) ShuntGenerator

(i) LightingandPowerSupply
(ii) Chargingbatteries.

(2) SeriesGenerator–
(i) Boosters.
(3) CompoundGenerator–
(i) Largerangeload
(ii) PowerSupply

UsesofD.C.Motors
(1)ShuntMotor (i) Constantspeeddrive
(ii) Drillingmachine,lathes,elevators,waterpump,cuttingmachine.

(2) SeriesMotor
(i) ElectricCranes
(ii) ElectricTrains
(iii) Hoists

(3) CompoundMotor
(i) Heavytoolmachines
(ii) Printingmachines
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4.10 Necessityofastarter
Ascurrentdrawnbyad.c.motorarmatureisgivenbytherelation.

IaVEb
Ra

whenthemotorisatrest,i.e.N=0,nobackemfdevelopedinthearmature.Ifnow
fullsupplyvoltageisappliedacrossthestationaryarmature,thenitwilldrawavery
largecurrentasarmatureresistanceisverysmall.Thisexcessivecurrentwillblow
outthefusesandmaydamagethecommutatorandbrushesetc.

Toavoidthishappening,aresistanceisintroducedinserieswiththearmature(for
thedurationofstartingperiodonlyi.e.5to10seconds)whichlimitsthestarting
currenttoasafevalue.Thestartingresistanceisgraduallycutoutasthemotor
gainsspeedand developsthebackemf.Thisstartingresistancewithsome
protectivedevicesisknownasstarter.

Therearethreetypesofstarter

(1)3-pointstarter(2)4-Pointstarter (3)Drum –controller

4.11 PrincipleofoperationofsinglephaseInductionMotor:
Asingle–Phaseinductionmotorconsistsofasinglephasewindingmountedonthe
starterandacagewindingontherotor.Whenasingle-phasesupplyisconnected
tothestatorwindingapulsatingmagneticfieldisproduced.Bypulsatingfieldthe
fieldbuildsupinonedirectionfallstozero,andthenbuildsupinthe opposite
direction.Undertheseconditions,therotordoesnotrotateduetointertia.Hencea
singlephaseinductionmotorisinitiallynotselfstarting.

Tomakethemotorselfstartinganotherwindingisprovidedonthestator
whichtemporarilyconvertedtoatwophaseinductionmotor.Whensupplyisgiven
arotatingmagneticfieldisproducedandrotorstartsrotating.

Twotheorieshavebeensuggestedtoanalyzetheperformanceofasinglephase
inductionmotor.

(1)DoubleFieldRevolvingTheory
(2)CrossFieldTheory

4.12 TypesofSinglePhaseInductionMotor

(1) Splitphasemotor
(2) Capacitorstartmotor
(3) Capacitorstart–CapacitorrunsinglephaseInductionMotor.
(4) ShadedPoleMotor-
(5) RepulsionMotor

Uses:
(1) Splitphasemotor:

(i) SmallPumps
(ii) Grinders

(2) Capacitorstartmotor
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(i) Compressor
(ii) Pumps

(3) CapacitorstartcapacitorRunMotor
(i) CompressorofAir-conditioner
(ii) WaterCooler

(4) ShadedPoleMotor
(i) Smallfans

(5) RepulsionMotor
(i) MixingMachine
(ii) Blowers

4.13 PartsofThree–PhaseInductionMotor

InductionMotor

Starter Rotor

Squirrel
cage
Rotor

Slip
ring
rotor

Stator
Fig.4.6

Squirrelcage
RotorFig.4.7
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Slipring
RotorFig.4.8

4.14 PrincipleofoperationofthreephaseInductionMotor:

InductionMotor:
Whenthethreephasewindingofthestatorisconnectedtothethreephasesupply,
thenarotating magneticfield isproduced,whichrotatesround thestatorat
synchronousspeed(Ns).Thisrotatingfluxpassesthroughtheairgapandcutsthe
rotorconductors(whichisstationary).Duetorelativevelocitybetweentherotating
fluxandstationaryrotor,emf.inducedintherotorconductors.Sincetherotor
conductorscircuitisclosed,soinducedemf.producesrotorcurrent.

Duetotheinteractionofstatorfluxandrotorfluxatorqueisproducedasthe
rotorisfree,rotorstartsrotating.

4.15 Typesof3-PhaseInductionMotor

Accordingtorotorconstruction3-PhaseInductionMotordividesintotwotypes.
(1) SquirrelcageInductionMotor.
(2) SlipringInductionMotor.

Uses:
(1) SquirrelCageInductionMotor
(i) FlourMills
(ii) BigPump
(2) SlipRingInductionMotor
(i) Hoists(ii) Lifts (iii) DrivingShaft

…………….xxxxxxxxxx…………...
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Introduction
Electricityisusedathomefordifferentpurposessuchaslightloads,fans,computer,
refrigerator,cooleretc.Inindustriesmostofthemachinesrunwithelectricity.Theelectric
supplyisgivenbythedistributioncompanysuppliesuptoenergymeteroftheconsumer.
Theprocessbywhichtheelectricsupplyismadeavailabletovariousloadpointsthrough
anetworkofconductorsiscalledthewiring.

5.1 TypesofWiring
Differentmethodsofwiringareusedunderdifferentconditions.Theselectionofan
individualsystem ofwiringdependsupononthefollowingfactors.

(i) Initialcost
(ii) Durability
(iii) MechanicalProtection
(iv) Firesafety
(v) Appearance
(vi) Accessibility

Takingtheabovefactorsintoaccount,anyofthefollowingtypesofwiningareused:
-

(i) Cleatwiring
(ii) Woodencasingandcappingwiring
(iii) CTSorTRSwiring
(iv) Leadsheathedwiring
(v) ConduitPipeWiring

(1)CleatWiring
SinglecoreVIR(VulcarizedIndiaRubber)orPVC(PolyVinylChloride)cablesare
used inthiswiring.Thecablesareruningroovesofglazedporcelaincleatswhich
arefastenedinwoodenplugs(gutties)mountedonwalls.
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Merits

(i) Itischeapestsystem ofwiring.
(ii) Alittleskillisrequiredtolaythewining.
(iii) Thewiringcanbedismantledeasilyandusedagainwithverylittlewasteof

material.
Demerits
` (i) Thereisnoprotectionfrom mechanicalinjury,fire,gasorwater.

(ii) Itisrarelyemployedforpermanentjobs.
(iii) Itisnotgoodlooking.

2. Woodencasingandcappingwiring

Thecasingisbasewhichconsistsofwoodenblockofseasonedteakwoodand
hasusuallytowgroovestoaccommodatewires.Thecasingisfixedon the wall
withthehelpofscrewsandgutties.Afterplacingthewiresinthegroovescasingat
thetopiscoveredbymeansofrectangularstripsofseasonedwoodofsamewidth
knownascappingwiththehelpofscrews.

Merits:
(i) Itgivesbetterappearancethencleatwiring.
(ii) Thereissufficientmechanicalandenvironmentalprotectiontothewires/

cablesused.
(iii) Easytoinspectonlybyopeningthecapping.
(iv) Easytoinstallandrewire.

Demerits
(i) Costlierincomparetocleatwiring.
(ii) Thereisriskoffire.
(iii) Itisnotsuitablefordampsituation.

3. C.T.S.orT.R.S.wiring
Inthissystem ofwiringgenerallyC.T.S.(cableTyreSheath)orT.R.S.(Tough
RubberSheathed)conductors are employed.The conductors are run on well
seasonedperfectlystraightandwellvarnishedteakwoodbattenofdifferentwidth.
Thewidthofthebattenischosendependinguponthenumberofwirestoberunon
it.

Merits
(i) Itiseasytoinstallandrepair.
(ii) Itgivesniceappearance.
(iii) Thistypeofwiringgivessufficientmechanicalprotectiontothecable.

Demerits
(i) Theconductorsareupon andliabletomechanicalinjury,cannotbeused

inworkshop.
(ii) Ittakesmoretimeforinstallation.
(iii) Thefireriskishigh.
(iv) Itsperformanceisaffectedunderdampcondition.

4. LeadSheathedWiring
Thissystem ofwiringissimilartoCTSorTRSwiring.Onlydifferenceisthatinthis
caseVIRconductorscoveredwithleadalloysheath(metalsheathedcable)are
used.TheleadsheathedcablesarerunontheWoodenbattens.
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Merits
(i) Theconductorsareprotectedagainstmechanicalinjury.
(ii) Itisfreefrom firehazards.
(iii) Itcanbeinstalledinopenspace.
(iv) Ithaslongerlife.

Demerits
(i) Itisrelativelyexpensiveduetothecostofleadsheath.
(ii) Incaseofleakage,thereiseveryriskofshock.
(iii) Skilledlabourandpropersupervisionisrequired.Otherwise,thedurability of

insulationmaybeaffected.

5. Conduitwiring
Therearetwotypesofconduitwiring
(i) Surfaceconduitwiring
(ii) Concealedconduitwiring

Insurfaceconduitwiringtheconduitrunoverthewallsupportedbymeansof
saddleswhereas inconcealedconduit wiring theconduitisembeddedinthe
wallsandceilingsbyplacinginthepremadecavityinthem.

Merits
i. Thewiringpresentsaneatandattractiveappearance.
ii. Itgivesgoodprotectionagainstfire,mechanicaldamage&moisture.
iii. Itsdurabilityisveryhigh.

Demerits
i. Itiscostlysystem ofwiring.
ii. Highlyskilledtechnicianisnecessary.
iii. Itrequiresmoretimeforerection.

5.2 LayoutofHouseholdElectricalWiring(SingleLineDiagram)

Fig.5.1
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5.3 BasicprotectiveDevicesusedinHouseholdwiring:
1. Fuse 2.MCB(MiniatureCircuitBreaker)
3. Lighteningarrester 4.EarthingWire

5.4 ElectricalPower
Aswehavelearntthatpowerconsumedbyloaddependsonthevalueofresistance,
currentthroughtheresistanceandvoltageacrosstheresistance.

P=VI
P=V2/R  P=I2R

Thus,Iwattisthepowerconsumedbyresistiveloadwhencurrentis1Aand
VoltageAcrossis1V

1Killowatt(KW)=1000W
1HP(HorsePower)=746W

Ex.Aheatertakes8Acurrentat250Vsupply.Calculatehowmuchpowerdoesit
consume
?

Solution: GivenI=8A,V=250V
P=V,I=250X8=2000W =2KW

5.5 PowerinsmallElectricalInstallation
Ex.Abuildinghasthefollowingelectricalappliances(i)1KW Motor.(ii)2bulbs
100wratingeach(iii)Twofanshaving60weach(iv)oneheater1.5KW.Calculate
thetotalPowerConsumedbythebuildingifallloadsareswitchedon.

Solution:TotalPower(P)=Sum ofindividualPowerofall
appliances.P=P1+P2+P3+P4

P=1000+(2X100)+(2X60)+1500

P=1000+200+120+

1500P=2820W =2.82

KW

5.6 Electrical

EnergyEnergy=Power

XTimeE=PXt

TheunitofenergywilldependupontheunitofPowerandunitof

time.WhenP=1watt,t=1Second

Energy(E)=1W X1S=1WattSecond=1Joule

WhenP=1Watt,t=1hour

Energy=1WattX1hour=1Watt.

hour1watt.hour=1wattX(60X60)
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Second

1watthour=3600WattSecond=3600J=3.6X

103JoulesSimilarlyforbiggerunit1Kwhr=1000whr.



66

So1Kwhr=1000X3600=3.6X106Joules

1Kwhiscalled1Unit

Ex.Abuildinghasthefollowingelectricalappliances(i)A1HPmotorrunningfor5

hrs.in aday.(ii)Threefans eachof80W runningfor10 hrs.inaday.(iii)Four

tubelightsof40W runningfor15hrs.perday.Findthemonthlybillforthemonthof

NovemberifunitcostofbillisRs.2.50.

Solution(i)ElectricalEnergyConsumedperdayformotor=746X5=3730whr=

3.730kwhr.

(ii) ElectricalEnergyConsumedperdaybythreefans=3X80X10=2400whr=

2.4Kwhr.

(iii) ElectricalEnergyConsumedperdaybyfourtubelights=4X40X15=2400whr

=2.4Kwhr.

TotalEnergyConsumed=3.73+2.4+2.4=8.53Kwhr=8.53units.

InthemonthofNovembertotalElectricalEnergyConsumed=8.53X30=255.9

units.Monthlybill=255.9XRs.2.5=Rs.639.75P.

5.7 Earthing

Theprocessofconnectingmetallicbodiesofalltheelectricalapparatusand

equipmenttothehugemassofearthbyawirehavingnegligibleresistanceis

calledearthing.

NecessityofEarthing

(i) Topreventelectricalshocktothehumanbeingiftheelectricalappliance

(body)arecharged.

(ii) Topreventriskoffireduetoleakagecurrentthroughunwantedpath.

(iii) Toprotectlargebuildingandmachinesfrom lightningbyconnecting

lightningarrestertothegeneralmassoftheearth.

TypesofEarthing

TherearetwotypesofEarthing(i)PipeEarthing(ii)PlateEarthing

(i) PipeEarthing

Inpipeearthingagalvanizediron(GI)pipeof38mm diameter,2m length with

12mm hoesdrilledatdiametricaloppositepointsisburiedverticallyinthewet

Earthtoworkastheearthelectrode.

Ifthesoilisdry,alargerpipemaybe3m inlengthisused.Thelowerpartofthe

pipeistaperedtomaketheboringeasy.
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Fig.5.2

AsecondnarrowerGIpipeofabout12mm diameterisfixedoverthewiderpipe

throughareducingsocket.A funnelwithwiremeshisfixedatthetopofthe

narrowerpipe.

Alternatelayersofsaltandcharcoalarefilledintheholearoundtheearthelectrode.

Duringsummerwatermaybepouredinthefunneltokeep thesoilwetand to

maintainthedesiredvalueofearthresistance.

(ii) PlateEarthing

Inthissystem ofearthinganearthingpitismadeintheground.Acopperplate is

connectedtotheearthcontinuityconductorwithnutsandbolts.Thesizeofthe

plateisabout60cm X60cm X3.18mm.
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Fig.5.3

Afterplacingtheplateatthebottom ofthepit,itiscoveredwithnearly15cm thick

alternatelayersofsaltandcharcoal.ThentheboltedearthwireisdrawnthroughGIpipe

tothebodyofthemainswitch.

Generallypipeearthingisusedfordomestic,smallcommercialbuildingandsmall

workshopusingsinglephasesupply.Plateearthingsareusedforlargebuildings,big

workshops,substationsandindustryusingthreephasesupply.

………………………………………..xxxxx…………………………………
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7.1Introduction:

Testsand measurementsareimportantin desigining,evaluating,maintaining and

servicingelectricalcircuitsandequipment.Inordertodetectelectricalquantitiessuchas

current,voltage,resistanceorpower,itisnecessarytotransform anelectricalquantityor

conditionintoavisibleindication.Thisisdonewiththeaidofinstruments(ormeters)that

indicatethemagnitudeofquantitieseitherbythepositionofapointermovingovera

graduatedscale(calledananalogueinstrument)orintheform ofadecimalnumber

(calledadigitalinstrument).

Measuringinstrumentsareclassifiedaccordingtoboththequantitymeasuredbythe

instrumentandtheprincipleofoperation.Threegeneralprinciplesofoperationare

available:

(i)Electromagnetic,whichutilizesthemagneticeffectsofelectriccurrent;

(ii)Electrostatic;whichutilizestheforcesbetweenelectrically–charged

conductors;(iii)Electro-thermic,whichutilizestheheatingeffect.

Electricmeasuringinstrumentsandmetersareusedtoindicatedirectlythevalueof

current,voltage,powerorenergy.Inthislesson,wewillconsideranelectromechanical

meter(inputisasanelectricalsignalresultsmechanicalforceortorqueasanoutput)that

canbeconnectedwithadditionalsuitablecomponentsinordertoactasanammetersand

avoltmeter.Themostcommonanalogueinstrumentormeteristhepermanentmagnet

moving coilinstrumentand itisused formeasuring adccurrentorvoltageofan

electriccircuit.
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Ontheotherhand,theindicationsofalternatingcurrentammetersandvoltmetersmust

representtheRMSvaluesofcurrent,orvoltage,respectively,appliedtotheinstrument.
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Electricalmeasuringinstrumentsusedtomeasureelectricalquantitiessuchascurrent,

voltage,power,energy&frequencyetc.

Therearedifferenttypesofmeasuringinstrumentssuchas

Ammetermeasurecurrent,voltmetermeasurevoltage,Wattmetermeasurepower,Energy

metermeasureenergyandBallisticGalvanometermeasurecharge.

Instrumentsaredividedintotwotypessuchas

(i) Primaryinstruments/Absoluteinstruments

(ii) Secondaryinstruments

(i) Primaryinstruments/Absoluteinstruments:

Theseinstrumentsgivethemagnitudeofthequantityundermeasurementin

termsofphysicalconstantsoftheinstrument.ExampleTangentGalvanometer

andRayleigh’scurrentbalance.

These instruments are notgenerallyused.These instruments are used in

InternationalLaboratoryfortestingorcalibrating.

(ii) SecondaryInstruments:

Theseinstrumentsarecalibratedbycomparisonswithanabsoluteinstrument

orsecondaryinstrumentwhichhasalreadybeencalibratedagainstanabsolute

instrument.

Example:voltmeter,ammeteretc.

Thesetypesofinstrumentareused in variouslaboratoriesforexperimental
purposes.

Secondaryinstrumentsaredividedintofollowingtypessuch

as(a)IndicatingInstruments

(b)Recording

Instruments(c)Integrating

Instruments(a)IndicatingInstr

uments:

Indicating instruments are those which indicate bymovementofa pointerovera

calibratedscale,ther.m.svalueoftheelectricalquantityundermeasurementatthetime

ofmeasurement.Forexample,voltmeter,ammeter,wattmeteretc.This is shown in

Fig.7.1(a)&(b).
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Figure:7.1(a)IndicatingInstrument.

Figure:7.1(b)Indicating

Instrument(multi-range type)

(b)Recording Instruments:

Recording instrumentsare

those which gives a continuous

recordofthevariationofsomeelectricalquantity(suchascurrent,voltageorpower)

withrespecttotime.

Apenattachedtothemovingsystem tracesagraphonasheetofpaperbyrevolving

drum.Example,arecordingwattmetergivesdailyandannualloadcurves.Thisisshown

inFig.7.1(c).

Figure:7.1(c)RecordingInstrument
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(c)IntegratingInstruments:

Thesetypesofinstrumentregistertheamountofenergyorquantityofelectricity

suppliedtoacircuitoveraperiodoftime.Example:Watt-hourmeter,Ampere-hourmeter.

Figure:7.1(d)IntegratingInstrument

Analogueinstruments

Allanalogueelectricalindicatinginstrumentsrequirethreedevices:

(a)Adeflectingoroperatingdevice.

Amechanicalforceisproducedbycurrentorvoltagewhichcausesthepointerto

deflectfrom itszeroposition.

(b)Acontrollingdevice.

Thecontrollingforceactsinoppositiontothedeflectingforceandensuresthatthe

deflectionshownonthemeterisalwaysthesameforagivenmeasuredquantity.it

alsopreventsthepointeralwaysgoingtothemaximum deflection.Therearetwo

maintypesofcontrollingdevice-springcontrolandgravitycontrol.
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(c)Adampingdevice:-

Figure:7.1(e)DampingCharacteristics

Thedampingforceensuresthatthepointercomestorestinitsfinalposition

quicklyandwithoutundueoscillation.Therearethreemaintypesofdampingused:

(i)Eddy-currentdamping:-Aluminum framewhenmovesinamagneticfieldaneddy

currentemfisproducedinthealuminum former.Thiscirculateaneddycurrentinthe

former.Theeddycurrentinteractswiththemagneticfieldandproducesanopposing

torquecalledaneddycurrentdampingtorque.ThisisshowninFig.7.1(f).

Figure:7.1(f)Eddy-currentdamping
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(ii)Air-frictiondamping:-

Whenthepointermovesclockwise,thepistonisrunouttheairchamber

and thepressureinsidetheairchamberdecreases.Thisdifferentialin pressure

producesanopposingtorqueonthemovingsystem.Oncethepositionreachessteady

state,the pressure difference becomes zero and the opposing torque becomes

zero.ThisisshowninFig.7.1(g).

Figure:7.1(g)Airfrictiondamping

(i) Fluid–frictiondamping.

Themovementofvanesinaviscousliquidproducesdamping

torque.ThisarrangementisshowninFig.7.1(h).

Figure:7.1(h)Fluidfrictiondamping

Therearebasicallytwotypesofscale–linearandnon-linear.Alinearscaleisshown

inFig.7.2(a),
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Wherethedivisionsorgraduationsareevenlyspaced.Thevoltmetershownhasarange0-

100V,i.e,afull-scaledeflection(f.s.d)of100V.Anon-linearscaleisshowninFig.7.2(b)

wherethescaleiscrampedatthebeginningandthegraduationsareuneventhroughout

therange.Theammetershownhasa(f.s.d.)of10A.

Figure7.2(a)Linearscale 7.2(b)Non-linearscale

7.2 Torquesininstruments:

Foroperationofanindicatinginstrumentthreekindsoftorquesarerequired.

Thesearenamely

(a)Deflectingtorque

(b)Controltorque

(c)Dampingtorque

(a)DeflectingTorqueor(Operatingtorque)( ):

Deflectingtorqueisanimportanttorqueinanindicatinginstrumentwhich

makesthepointertodeflect.

Withoutdeflectingtorquethepointerwillalwaysfreeatzero.

(b)ControltorqueorRestoringtorque( ):

Thistorquecontrolthemovementofthepointerandstopthepointeratrequired

place.Withoutcontroltorquethepointerwillalwaysreachatfinalposition.

Controllingtorqueopposesthedeflecting

torque.(c)Dampingtorque( ):

Withoutdampingtorquethepointermakesoscillationaboutthesteadystate
position.

Thisoscillationsaredampedoutbymeansofdampingtorque.

Dampingtorquepresentonlywhenthepointermovesandbecomeszerowhenthepointer

isatsteadystateposition.

Therearetwotypesofcontrollingtorque

(i) Gravitycontrolmethod

(ii) Springcontrolmethod

(i)Gravitycontrolmethod:
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Figure7.3.1(a)gravitycontrol

methodHerewehaveconsiderf1=mg&f2=mg

Heref1forcecausescontroltorquewhereasf2causespullingforcewhichbalancethe

spindle.Controltorque, =lengthxforce

=Lxf1

=LmgsinӨ

αsinӨ

Wheremass=‘m’,gravitationalforce=‘g’and’L’lengthoftheforce

pointHerem ,g,&Laretakenconstantvalue.

Atequilibrium,i.e,forsteadydeflection,

Deflectingtorque=Controlling

torque.

Iftheinstrumentisgravitycontrolled,then=

(ii)Springcontrolmethod:-

α

Inspringcontrolmethod,springismadeofphosphorousbronzeandcross-sectionisa
rectangular.
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Figure7.3.1(b)SpringControlMethod

Comparisonbetweengravitycontrolmethodandspringcontrolmethod:

Gravitycontrolmethod Springcontrolmethod
1.Itisverycheap 1.itisverycostly.
2.Varyingtheconstantisveryeasy. 2.varyingtheconstantisdifficult.
3.Nofatigue. 3.itisaffectedbyfatigue.

4.Itcannotbeusedpassingthroughthe 4.itcanbeusedforpassingcurrentthrough
the

movingcoil. movingcoil.
5.Readingisaffectedbylatitude. 5.itisnotaffectedbylatitude.
6.Itisnotaffectedbytemperature. 6.itisaffectedbytemperature.

7.7.Thepositionoftheinstrumentaffects 7.notaffectedbypositionandhenceused
as

thereadingandhenceitisusedinpanelportableinstrument.
mounting. 8.scaleisuniform.

8.Scaleisnonuniform.

Therearedifferenttypesofinstrumentusedsuchas

(1)PermanentMagnetMovingCoil(PMMC)Instrument

(2)MovingIronInstrument(MI)

(3)DynamometerTypeInstrument

(4)HotwireInstrument

(5)ThermocoupleInstrument

(6)SinglePhaseInductionTypeEnergyMeter

7.3 PERMANENTMAGNETMOVINGCOIL(PMMC)TYPE

INSTRUMENT:CONSTRUCTION:

Themoving-coilinstrumentsmaybedealtwithconsideringarectangularcoilofNturns,

freetorotateaboutaverticalaxis.
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Figure7.3(a)PermanentMagnetMagnetMovingCoilInstrument.

Figure7.3(b)Springcontrol,balanceweightarrangementofPMMCinstrument.

Figure7.3(a)showstheconstructionofaPMMCinstrument.Amovingcoilinstrument

consistsofapermanentmagnettoprovideamagneticfieldandasmalllightweightcoilis

woundonarectangularsoftironcorethatisfreetorotatearounditsverticalaxis.Whena

currentispassedthroughthecoilwindings,atorqueisdevelopedonthecoilbythe

interactionofthemagneticfieldandthefieldsetupbythecurrentinthecoil.The

aluminium pointerattachedtorotatingcoilandthepointermovesaroundthecalibrated

scaleindicatesthedeflectionofthecoil.

Toreduceparrallaxrerroramirrorisusuallyplacedalongwiththescale.Abalanceweight

isalsoattachedtothepointertocounteractitsweightshowninfigure7.3(b).

TheuseofhairspringsattachedtoeachendofthecoilasshowninFig.7.3(a)to

returnthecoiltoitsoriginalpositionwhenthereisnocurrentthroughthecoil.These

hairsprings are notonly supplying a restoring torque butalso provide an electric

connectiontotherotatingcoil.Withtheuseofhairsprings,thecoilwillreturntoitsintial

positionwhennocurrentisflowingthroughthecoil.

Whenthedevelopingforcebetweenthemagneticfields(from permanentmagnet

andelectromagnet)isexactlyequaltotheforceofthesprings,thecoilrotationwillstop.

Thecioilsetupissupportedonthejeweledbearingsinordertoachievefreemovement.

Anironcoreisplacedinsidethecoiltoconcentratethemagneticfields.Thecurvedpole

facesensuretheturningforceonthecoilincreasesasthecurrentincreases.
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Itisassumedthatthecoilsidesaresituatedinauniform radialmagneticfieldofflux

densityB wb/ ,letthelengthofacoilside(withinthemagneticfield)beL(meter),the

distancefrom eachcoiltotheaxisber(meter)andthedistancebetweenthetwocoil

sidesisb(meter),b=2r(meter).

WORKINGPRINICIPLE:

The interaction between the induced field and the field produced by the

permanentmagnetcausesadeflectingtorque,whichresultsinrotationofthecoil.The

spiralspringproducesacontroltorque.Theinducedcurrentsinametalformerorcoreon

whichthecoiliswoundorinthecircuitofthecoilitself.Asthecoilmovesinthefieldof

thepermanentmagnet,eddycurrentsaresetupinthemetalformerorcore.Themagnetic

fieldproducedbytheeddycurrentopposesthemotionofthecoil.Thepointerwill

thereforeswingmoveslowlytoitsproperpositionandcometorestquicklywithverylittle

oscillation.Electromagneticdampingiscausedbytheinducedeffectsinthemovingcoil

asitrotatesinmagneticfield,providedthecoilformspartofclosedelectriccircuit.

DEFLECTINGTORQUE:

LetB=Fluxdensityintheairgap(wb/ )

I=Currentflowingthroughthe

coil(Amp)

N=Noofturnsinthecoildependsuponthedesign.

L=Lengthofthecoilorheightofthecoilinthemagnetic

field(m)b=(2r)breadthofthecoilorwidthofthecoilin

‘meter’

=Anglebetweentheplaneofmagneticfield&currentcarryingconductor.

Fig.7.3(c)Arrangementofconductorinsidemagneticfield

Weknowthatwhencurrentcarryingconductorplacedinamagneticfieldaforceis

experiencedinit.

Forceoneachconductorisequalto
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BIL.Forceoneachsideofthecoil

=BILxN

=BILN(Newton,N) (7.31)

Torqueduetobothcoilsides=bxF
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=(2r)(BILN)

=BILNxb

=BI(Lb)N

=BINA (NewtonMeter)(N-M)

WhereA=2rL=bL=Area,

Nowdeflectingtorque, =BINA (7.32)

Theaboveequation(7.32)isvalidwhiletheironcoreiscylindricalandtheairgapbetween

thecoilandpolefacesofthepermanentmagnetisuniform.ThisresultfluxdensityBis

constantandthetorqueispropertionaltothecoilcurrentandinstrumentscaleislinear.

Nowcontroltorque = ,forspringcontrol

Where =springconstant.

On
steadystate,

i.e., ϴ=BINA

=(BAN/ )I

ControllingTorque=DeflectingTorque

ϴαI (7.33)

Note:(1)Thescaleisgraduateduniformely.

(2)itcanbeusedonlyforDC.

USESOFPMMCTYPEINSTRUMENTS:

AMulti-rangeAmmetersandVoltmeters:-

An ammeterisrequired to measure the currentin a circuitand it

thereforeconnectedinserieswiththecomponentscarryingthecurrent.Iftheammeter

resistanceisnotverymuchsmallerthantheloadresistance,theloadcurrentcanbe

substantiallyalteredbytheinclusionoftheammeterinthecircuit.

Tooperateamovingcoilinstrumentaroundacurrentlevelin50milliamperrangeis

impracticalowingtothebulkandweightofthecoilthatwouldberequired.So,itis

necessarytoextendthemeter-rangeshunts(incaseofammeters)andmultimeters(in

caseofvoltmeters)areused.

Forhigherrangeammetersalow resistancemadeupmanganin(low
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temperaturecoefficientofresistance)isconnectedinparalleltothemovingcoilas

showninFig.7.4andinstrumentmaybecalibratedtoreaddirectlytothetotalcurrent.
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Fig.7.4Multi-rangeammetercircuit.

Theyarecalledshunts.ThemovementofPMMCinstrumentisnotinherentlyinsensitive

totemperature,butitmaybetemperature–compensatedbytheappropriateuseofseries

andshuntresistorsofcopperandmanganin.Boththemagneticfieldstrengthandspring

tensiondecreasewithanincreaseintemperature.Ontheotherside,thecoilresistance

increaseswithanincreaseintemperature.Thesechangesleadtomakethepointerread

lowforagivencurrentwithrespecttomagneticfieldstrengthandcoilresistance.Useof

manganin resistance (known as swamping resistance which has a temperature co-

efficientpracticallyzero)inserieswiththecoilresistancecanreducetheerrorduetothe

variationofresistanceofthemovingcoil.Theswampingresistance

(r)isusuallythreetimesthatofcoiltherebyreducingapossibleerrorof,say,4%to1%.

Amultirangeammetercanbeconstructedsimplebyemployingseveralvaluesof

shuntresistances,witharotaryswitchtoselectthedesiredrange.

Fig.7.5(a)showsthecircuitarrangement.

Fig.7.5(a)Multi-rangeammetercircuit.

Whenaninstrumentisusedinthisfashion,caremustbetakentoensure

thatshuntdoesnotbecomeopen-circuited,evenforaveryshortinstant.whentheswitch

ismovedfrom position‘B’to‘C’ormovedanypositions,theshuntresistancewillremain

opencircuitedforafractionoftime,resultingaverylargecurrentmayflow throughthe

ammeteranddamagetheinstrument.Toavoidsuchsituation,onemayusethemake-

before-breakswitchasshowninFig.7.5(b).
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Fig.7.5(b):Make-beforebreak.

Thewide-endedmovingcontactconnectedtothenextterminaltowhichitisbeing

movedbeforeitlosescontactwiththepreviousterminals.Thus,duringtheswitchingtime

therearetworesistancesareparallelwiththeinstrumentandfinallyrequiredshuntonly

willcomeinparalleltotheinstrument.

ProblemNo.1 APMMCinstrumenthasacoilresistanceof100ΩandgivesaFull-

ScaleDeflection(FSD)foracurrentof500µA.Determinethevalueofshuntresistance

requirediftheinstrumentistobeemployedasanammeterwithaFSDof5A.

Solution:-Takingthecurrentflowingthroughtheshuntis .Usingthefollowingcircuit

showninFig.7.6.

Fig.7.6.

=( /( + ))I (7.61)

Where =shuntresistance, =ammeterresistance=100Ω

=ammeterfullscaledeflectioncurrent=500AandI=desiredrangeofammeter=5A.

Since = /( + )I

or,500X =( /(

+100))X5or, =0.01Ω
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Problem No.2TwoPMMCinstrumentsareusedtomeasurethecurrentintwodifferent

circuitsandtheirreadingsarerecordedasgivenbelow.Findareasontocomparethem on

thebasisoftheirsensitivity.

Meter1: I=2A, =

Meter2: I=5A,ϴ=

Solution:-

Formeter,I=2A,ϴ=

So,thesensitivityisgivenas

=ϴ/I=5/2=2.5degree/Amp.

ForMeter2,I=5A,ϴ=

So,thesensitivityisgivenas

=ϴ/I=5/5

=1.0degree/Amp.

Since, ,Meter1ismoresensitivetocurrentthanMeter2.

APPLICATIONS:--

(1)PMMCISUSEDASANAMMETER

(a)Forlowcurrentrange:--

Currentisresponsiblefordeflectionforfewmilliammeterused.

Fig.7.7(a)PMMCwithlowcurrent

ratingWhereI=measuringcurrent

=metercurrent

=shuntcurrent
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=meterresistance

=shuntresistance.

(b)Forhighcurrentrange:--

Fig.7.7(b)PMMCwithhighcurrent
rating

Since,

=

Where
m=I/

=(I-

/(I-

=

)

)

/(I/ -1)

m=multiplication

factor.(c)Multiplerange:--
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Fig.7.7(c)PMMCwithmultiplerange

(2)PMMCUSEDASVOLTMETER:--

WhenPMMCisusedasoltmeter,aresistanceisconnectedinserieswith

thevoltmetercalledmultiplier.

Fig.7.7(d)P

MMCasVoltmeter

Where =V/( + )

αV/( + )

i.e.,

MULTIPLERANGE:--

Fig.7.7(e)PMMCasVoltmeter(Multiplerange)

V= +
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=u+

V-u=

=(V-u)/ =(V-u)/(u/ )

=((V/u)-1)

=(m-1)

Since and areconstant.

Wherem=V/uiscalledmultiplyingfactor.

AdvantagesofPMMCTypeInstrument:--

(i) Scaleisuniform.

(ii) Lowerpowerconsumption.

(iii) Ithashightorque/weightratio.

(iv) Accuracyisveryhigh.

(v) Dampingiseffective.

(vi) Itcanbeusedformultiplerangeofcurrentandvoltage.

(vii) Ithasnohysteresiserror.

(viii) Itdoesnothavestraymagneticfielderror.

(ix) Itcanbeusedinany

position.Disadvantages:-

(i) ItcanmeasureonlyDC.

(ii) Itisadelicateinstrument.

(iii) Itiscostly.

(iv) Agingproblem duetopermanent

magnet.Application:-

(i)Tomeasurevoltage.

(ii) Tomeasurecurrent.

(iii) ItisusedinDCGalvanometer.

(iv) ItisusedinBallisticGalvanometertomeasurecharge.

ErrorinPMMCTypeInstrument:--

(i)Frictionalerror

(ii) Magneticdecay

(iii) Thermoelectricerror

(iv) Temperatureerror.
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Errorscanbereducedbyfollowingthestepsgivenbelow:

(i) Properpivotingandbalancingweightmayreducethefrictionalerror.

(ii) Suitableagingcanreducethemagneticdecay.

(iii) Useofmanganinresistanceinseries(swampingresistance)cannullifythe

effect of variation of resistance of the instrument circuit due to

temperaturevariation.

(iv) Thestiffnessofspring,permeabilityofmagneticcore(Magneticcoreisthe

coreofelectromagnetorinductorwhichistypicallymadebywindingacoilof

wire around a ferromagnetic material) decreases with increases

intemperature.

AmmeterSensitivity:

Ammetersensitivityisdeterminedbytheamountofcurrentrequiredbythemetercoil

toproducefull-scaledeflectionofthepointer.Thesmallertheamounttheamountof

currentrequiredproducingthisdeflection,thegreaterthesensitivityofthemeter.A

metermovementthatrequiresonly100microamperesforfull-scaledeflectionhasa

greatersensitivitythanametermovementthatrequires1mAforthesamedeflection.

VoltmeterSensitivity:

Thesensitivityofavoltmeterisgiveninohmspervolt.Itisdeterminedbydividingthe

sum oftheresistanceofthemeter( ),plustheseriesresistance( ),bythefull-scale

readinginvolts.Inequationform,sensitivityisexpressedasfollows:

Sensitivity=( + /E

Sensitivityisequaltothereciprocalofthefull-scaledeflection

current.Thisisexpressedasfollows:

Sensitivity= = =

Therefore,thesensitivityofa100-microamperemovementisthereciprocalof

0.0001ampere,or10,000ohmspervolt.

Sensitivity= = =10,000ohmspervolt.

7.4MOVINGIRON(MI)TYPEINSTRUMENTS:-

Theinstrumentsareclassifiedaccordingtotheprincipleofoperation.Eachclassmay

besubdividedaccordingtothenatureofthemovablesystem andmethodbywhichthe

operatingtorqueisproduced.

Specifically,theelectromagneticinstrumentsaresub-classesas(i)moving–iron
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instruments

,(ii)electro-dynamicordynamometerinstruments,(iii)inductioninstruments.Inthissection

,wewilldiscussbrieflythebasicprincipleofmoving–ironinstrumentsthatare

generallyusedto
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measure alternating voltages and currents.In moving-iron instruments the movable

system consistsofoneormorepiecesofspecially–shapedsoftiron,whichareso

pivotedastobeacteduponbythemagneticfieldproducedbythecurrentincoil.There

aretwogeneraltypesofmoving–ironinstrumentsnamely

(A)Attraction(orsingle–iron)type

(B)Repulsion(ordoubleiron)type.

Thebriefdescriptionofdifferentcomponentsofamoving-ironinstrumentisgivenbelow.

(i) Movingelement:asmallpieceofsoftironintheform ofavaneorrod.

(ii) Coil:toproducethemagneticfieldduetocurrentflowingthroughitandalsoto

magnetizetheironpieces.

(iii) Inrepulsiontype,afixedvaneorrodisalsousedandmagnetizedwiththe
samepolarity.

(iv) Controltorqueisprovidedbyspringorweight(gravity).

(v) Dampingtorqueisnormallypneumatic,thedampingdeviceconsistingofanair

chamberandamovingvaneattachedtotheinstrumentspindle.

(vi) Deflectingtorqueproducesamovementonanaluminum pointerovera
graduatedscale.

(A)ATTRACTION(ORSINGLE-IRON)TYPEINSTRUMENTS:-

Construction:

Thedeflectingtorqueinanymoving–ironinstrumentisduetoforcesonsmallpieceof

magnetically‘soft’ironthatismagnetizedbyacoilcarryingtheoperatingcurrent.

Fig.7.9Attractiontype

Thsinstrumentconsistsofafew softirondiscs(B)thatarefixedtothespindle(D),

pivotedinjeweledbearings.Thespindle(D)alsocarriesapointer(P),abalanceweight

( ), a controlling weight( ) anda dampingpiston(E),whichmoves ina

curvedfixedcylinder(F).Thespecialshapeofthemoving-irondiscsisforobtainingascale
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ofsuitableform.
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WorkingPrinciple:

Whencurrentflowsthroughthecoil,itproducesamagneticfieldalong

theaxisofthecoil.Thesoftironpieceisattractedinsidethecoilduetomagneticfield

andproducesadeflectingtorque.Thecontrolweightproducescontroltorqueandpiston

intheairchamberproducesadampingtorque.

Intensityofthemagneticfieldalongtheaxisofthecoil, HI

Theinducedmagneticpolestrength‘m’isproportionaltoH&HisalsoproportionaltoI.

i.e.,HαI

i.e.,m αHαI

ForceofattractionFαHm

α

Deflectingtorque αFα

Controltorque α (duetogravity

control)Atsteadystate,

Deflectingtorque=Controllingtorque

i.e., =

i.e.,α

i.e., α ----------------(7.41)

REMARKS:

(I) Movingironinstrumentshavingscalesthatarenonlinearandsomewhat

crowededinthelowerrangeofcalibration.

(II) Thedeflectingtorqueisproportionaltothesquareofthecurrentinthecoil,

makingtheinstrumentreadingisatrue‘RMS’quantity.

(III) UsedbothforAC&DCsupply.

(IV) Usedforammeterandvoltmeter.

(B)REPULSION(ORDOUBLE–IRON)TYPEINSTRUMENTS:

Construction:Two iron piecesoneisfixed and otherismovabletaken insidethe

influenceofthemagneticfield.Themagneticfieldisproducedbythebobbinshaped

electromagnet.Moving iron is connected to spindle and fixed iron to bobbin.This

instrumentisshowninFig.7.10below.
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Fig.7.10Repulsiontypeinstrument.

Workingprinciple:

Whencurrentflowsthroughthecoil,amagneticfieldisproducedalongtheaxisofthecoil.

Thetwoironpiecesaresimilarlymagnetizedandarepulsiveforceisproducedbetween

them.Thisproducesadeflectingtorque.Thecontrolweightproducescontroltorque.The

vanandairchamberproducesdampingtorque.

Intensityofthemagneticfield‘H’isproportional

toIMagneticpolestrengthonthemovingiron

αHαIMagneticpolestrengthonthefixedironα

HαI

ForceoftherepulsionFα

Deflectingtorque αF

α

Controltorque α (duetogravity

control)Onsteadystate,

Controllingtorque=Deflectingtorque

=

α

Remark:

(i) Scaleisnon-uniform.

(ii) UsedforACaswellasDCsupply.
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(iii) Alsotwoterminalsareavailable.
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(iv) Usedformeasurementofvoltage,currentandformultipleranges.

ADVANTAGESOFMOVINGIRONINSTRUMENT:--

(1)Itisverycheap.

(2)ItcanbeusedbothforACandDCmeasurement.

(3)Theinstrumentsarerobust,owingtothesimplconstructionofthemovingparts.

(4)Thestationarypartsoftheinstrumentsarealsosimple.

(5)Torque/weightratioishigh,thuslessfrictionalerror.

DISADVANTAGESOFMOVINGIRONINSTRUMENT:-

(1)Thescaleisnon-uniform.

(2)Accuracyismoderate.

(3)Ifgravitycontrolisusedthenitisusedforparticularposition.

(4)Ithashysteresis,eddycurrentandstraymagneticfielderror.

ERRORS:

(1)Errorduetotemperaturevariation.

(2)Errorsduetofrictionisquitesmallastorque-weightratioishighinmoving-

ironinstruments.

(3)Strayfieldscauserelativelylowvaluesofmagnetizingforceproducedby

thecoil.Efficientmagneticscreeningisessentialtoreducethiseffect.

(4)Errorduetovariationoffrequencycauseschangeofreactanceofthecoiland

alsochangestheeddycurrentsinducedinneighboringmetal.

(5)Deflectingtorqueisnotexactlyproportionaltothesquareofthecurrentdue

tonon-linearcharacteristicsofironmaterial.

Problem No.3:

Thedeflectingtorqueofanammeterisdirectlyproportionaltocurrentpassingthroughit

andtheinstrumenthasfullscaledeflectionof7 foracurrentof10A.Whatdeflectionwill

occurforacurrentof5Awhentheinstrumentis(a)springcontrol&(b)gravitycontrol.

Solution:-

(a) αI,10A 7

5A =

α

I

7 α10

α 5

=
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Or, =

=3

(b) αI

α

αI

α10

5

=

= x

=

=

=

=28.

Problem No.4:

A movingcoilammeterhas springgivingacontrolconstant0.3x Nm/degree.

Ifthedeflectingtorqueontheinstrumentis28.8x Nm.

Findtheangulardeflectionofthepointer.

Solution:

=0.3x Nm/degree

=28.8x Nm

Atsteadystate,

Deflectingtorque=controlling

torquei.e., =

or,28.8x 0.3x x

Now 28.8x /0.3x

Angulardeflection,=

Problem No.5:
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Aweightof5gisusedasacontrollingweightingravitycontrolledinstrument.

Finditsdistancefrom spindleifthedeflecting torquecorresponding to adeflection

of is1.13x Nm.

Solution:-

m=5g=5x kg

g=9.81N/

= , =1.13x Nm

Bygravitycontrol, =mg

d=

=1.13x /5x x9.81x

=0.0266m

=26.6mm

Assignments:--

A1.sketchthecircuitofanelectro-mechanicalammeter,andbrieflyexplainits
operation.

Commentontheresistanceofanammeter.

A2.Fig.7.12showsaPMMCinstrumenthasacoilresistanceof200Ωandgivesa

FSD(full-scale-deflection)foracurrent200µA.calculatethevalueofshuntresistance

requiredtoconverttheinstrumentintoa500mAammeter. (Ans.0.08Ω)

Fig.7.12
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7.5Integratingtypeinstrument

7.5.1Energymeter(1-φtype):

Fig.7.5.1Externalviewofanenergy

meterWorkdone,W=Ptwattsec.Orjoule (1)

Energy = -----------------------------(2)

WhereN=speedofrevolutioninrpm

7.5.2Wattmeter(Dynamometertype)

DynamometertypewattmetersaresuitableformesuementofpowerinDCaswellasAC
circuits.

Fig.7.5.2(a)Circuitdiagram ofadynamometertypewattmeter.



94

Here
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M=MainTerminal

L=loadorline

terminalC=Common

terminalV=Potential

Terminal

Wattmeterhastwotypesofcoils.InthefigurethecoilbetweenterminalM&Lrepresentsthe

Currentcoil(CC)andthecoilbetweentheterminalC&VrepresentsPressureCoil(PC)

Fig.7.5.2(b)Schematicofdynamometertypewattmeter

Here

F=Current

coil

M=Movingcoil

7.5.3.Ammeter

Fig.7.5.3(a)Ammeterconnection
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AmmeterDesign:WhiledesigningthePMMCinstrumentstobeusedasammetersthecoil

shouldhavetheleastresistance(thickcoilswithlessturns)suchthattheinstrumentbeing

connectedinserieswiththeloaddoesnotaffecttheloadcurrentmuch.
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7.5.4.Voltmeter

Fig.7.5.4.Circuitdiagram forvoltmeter

Voltmeterdesign:

PMMcinstrumentsmeanttobeusedasvoltmetersshouldhavecoilswithveryhiugh

valueofresistance(thincoilswithmoreturns)suchthatitbecomescapabletosustainthe

pressureoftheappliedpotentialandtakesacurrentassmallaspossiblewithoutafecting

muchoftheloadcurrentwhenconnectedparallelacrossload.

SoVoltmetershouldbeconnectedinparalleltotheload.

……………………………………..xxxxxxxxxxx………………………………………..
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8.1(A)SOLARENERGY:-

Thisisnon-conventionalenergysource.Onthisplanet,humanlifeand

allotherformsoflifearecompletelydependentonthedailyflowofsolarenergy.

The production offood and allother-life supportsystems ofthe natural

environmentaredependentonthesun.

Solarenergytravelsinsmallparticlescalledphotons.Convertingevenapartofthe

solarenergyatevenaverylowefficiencycanresultinafarmoreenergythatcould

conceivablybeharnessedorutilisedforpowergeneration.

Theamountofsolarenergyisexpressedinsolarconstant.Thesolar

constantisthetotalenergythatfallsonaunitareaexposednormallytotheraysof

thesun,attheaveragesun-earthdistance.

Themostacceptedvalueofsolarconstantis1.353kW/ .Anumber

ofscatteringandabsorptionprocessesintheatomspherereducethemaximum

heatfluxreachingtheearth’ssurfacetoavoidtoaround1kW/

Theheatfluxreachesearth’ssurfacebytwomodes:

(i) Direct

(ii)Diffuse

Itistheonlydirectheatenergywhichcanbecollectedthrougha‘collector’.The

ratioofdircttototallyheatenergyvariesfrom placetoplaceanddependsonatomspheric

conditionslikedust,smoke,watervapourandothersuspendedmatter.Theratiovaries

between0.64and0.88accordingtodifferentinvestigators.
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Sincethealtitudeofthesunandlengthofdayvarywiththeseason,the

solarenergyreceivedonasummerdayismanytimestheenergyreceivedonawinterday.

AsaresultthetotalenergyformostoftheareainplainsinIndiaisaround6000MJ/ peryear.

Fig.8.1.Solarpondelctricpowerplant

Advantages:-

(i) Itisarenewablesourceofenergy.

(ii) Itisfreeofcost.

(iii) Non-pollutingsourceofenergy.

Disadvantages:-

(i) Lowefficiency.

(ii) Itisofintermittenttypeinnature,sofornighthoursthisenergyisnot

avaible,andassuch,storageisrequired.

ImpactonEnvironment:-

(i) Solarthermalsystem mayposeahealthhazardbecauseofthe

carelessdisposaloftheheattransferfluids.

(e.g.,glycolnitratesandsulphates;CFCSandaromaticalcohols)used.

(ii) Solarphotovoltaicmodulesposedisposalproblemsowingtothe

presenceofarsenicandcadmium.

(iii) Thetotalsystem comprisingsolarpowergeneratorwithaccessories

containseveralpollutants.

(iv) Solarreflectorscausehazardtoeyesight.
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8.1(B)WINDENERGY:-

Thedifferenceinincidenceofsolarradiationonearthsurfacescausesvariationinheat

andtherebythehaeting–upofsurroundingair.Theairinthehotregionoftheearth

expandsfasterandbuildsuphighpressureandsimilarlytheairattheless-hotregion

producelow pressure.Thissituationofpressuregradientcausesmovementofairfrom

highpressureregiontothelow pressureareaandthisphenomenonisknownas‘wind’.

Theformationofwindsarecontinuousasthehotairontheearthtendstomoveupwards

allowingcoldairtoreachthesurfaceofearthdeterminesthe‘winddirection’.Wind

possesseskineticenergyandthisistoanextentofabout2%ofthesolarenergyincident

ontheearth.

Windpowerwasharnessedsinceearlytimesforusefulpurposessuchasdrivingand

directingsmallvesselsoverrivers,pumpingthewaterfrom wells,grindingthepaddyinthe

fieldsandcuttingthewoodthroughlevered/gearedsawsinruralareasinIndia,Egyptand

Europeancountries.

HowevertheindustrialrevolutioninEuropefacilitatedthediscoveryof

generatingelectricityfrom thewindpowersincetheyear1925.Thousandsofdevices

knownas‘windmills’cameintooperationinGermany,Switzerland,Denmark,Englandand

Hollandsincethen.

Adistinctionbetween‘windpower’and‘windenergy’hastobemadeatthisstage.Wind

powerisactuallytheabilityoftheavailablewindtodowork(whichmaybemuchmore)

andwindenergyisthemeasureofactualworkdone(whichispartial)whenanywind-

powereddeviceisoperated.Windpoweristhusexpressedintermsofelectricalpower.

Wattspersquaremetersofairdrift.Thustheavailablewindpoweratmanylocationsin

western countries has been established and some importantconclusions drawn.A

locationwherewindpowershowslowerthan100wattspersquremeterisunsuitable.

Areaswithavailablepowerof100to200wattspersquaremeterfallundermoderate

zonesandthoseexceeding200wattspersquaremetersareconsideredthebestlocations.

Again,theseparametersaretobeintegratedtothewindspeedsattheregionand

finalassessmentmade.Ithasbeenexperimentallyestablishedthatthewindpower

generatedispropertionalto theairdensity,theareathatissweptoutbythewind

device(i.e.,thebladelength)andthecubeofthespeedoftheprevailingwind.Thenatural

windsmovingathigherspeedsthereforeproducesgreaterenergyascomparedtowinds

oflowerspeeds,theresultbeingeightfold.Oneempiricalgeneralisationdrawnfrom these

studiesisthataminimum windspeedof16km perhourisrequiredforestablishingan

effectivewindmillatanylocation.

Thekineticenergyofthewindispartlyconvertedintothemechanicalenergyoftherotor

(toanextentofabout60%)whichinturntransformsintoelectricpower(toanoverall30-

40%).
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WINDROSE:-

A‘WINDROSE’isapictorialdesignonboardthatdepictstheinformationonwinddirection

,speedandprevalenceofcalm conditionsoveraspecifiedzoneduringaparticular

seasonorthewholeyearshowninFig.8.2

.

Fig.8.2.WindRose

The basic data needed fordrawing the wind rose is obtainable from the local

meteorologicalstations.Oncethewindrosedigram isdrawn,itispossibletointerpretthe

atomsphericpollutionandweatherdata,orselectingsitestoinstallwindmillsoranyother

typeofactivity.

METHOD:-

Thediurnalwindspeed,directiondataataselectedsite‘x’iscollectedforaperiodofat

leastfiveyears.Aneightdirectionalcyclewheelisdrawnandthedirections,namelyN,S,E

,W,SW,NW,NEandSEaremarkedasthearms.Thedifferentvaluesofwindspeedare

segregatedunderthecategories0-5mph,5-10,10-20,20-25,andsoonfortheentirefive

yearperiod.Now,eachofthearmsshowingthedirectionscaledinlinearfashionas

0,5,10,15,20,and25andaboxiscreatedagainsteachofthecategory.Atthecentreofthe

wheelacircularboxisdrawn.

Thefigureswrittenwithintheboxesindicatethenumberofoccasionsonwhicha

windofthatparticulardirectionhasattainedthatspecifiedspeed.Alloccasionswhenthe

windspeedvaluesshownwerelessthan5,irrespectiveofthedirection,werepooled

togetherandplacedinthecentralcircle,whichdepicts‘clam’condition.awindrose

drawninthisfashionoffersataglance,thenatureofthewindintheareaforyearstocome

andwillbeaguidelineforestablishingawindmill.
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WINDMILL:-

Thesystem whichharnessesthespeedywindintoelectricityisknownas

‘windmill’.Windmillsworkveryefficientlyatuninterruptedlocations,generallyatthetipof

mountainsoronhightowers.Someofthegeneralguidelinesforsitingthewindmillsare

discussedhere.

Thefirststepistogathermeterologicaldatapertainingtowindspeedanddirectionatthe

locationofinterest.Thsisusuallyobtainedfrom thenearestweatherstation.Seasonal

‘windroses’arethendrawnforreadyreference.Thiswillhelpindecidingwhetherthe

requisitewindpotentialexistsatthelocation.Ifthewindpattern,i.e.,windspeedand

directionareaptforconstructionofwindmillatthesite,furtherpreparationsaremade.

Generallythetowerofthemillisraisedatalocationwhichisatleast30feethigherthan

thenearestobstaclesituatedina300feetradialzone.Placeswheretalltreesorbuildings

aresituated in theneighborhood areavoided .Hilltopswheretheturbulencesare

minimum aremoreconvenientthantheslopes.Areasonableheightof60-80feethasto

bethetowerelevation.

Topographicalelementssuchashills,trees,valleysandwatersourceswhichareinthe

directionofthewindinfluencethespeed.Thepropertiesofseawindsandmountain

windsarealsotobetakenintoaccountwhilesitingawindmill.

WINDMILLCOMPONENTS:-

Thethreestructuralcomponentsofawindmillare:

(1)TheTower,

(2)TheRotor,

(3)TheGenerator

Adescriptionofvarioustypesofthreesystemsandtheirfunctionshasbeenmade

inthefollowingparagraphs.

TheTower:-

Thetowergivesagoodshowofthewindmill.Itisgroutedontheearthfamily,generally

overanareaofapproximatelyonefifthofthetowerheight.A80feethightowershould

normallybegroutedinafloorareaof16squarefeetintheearth.Steelisthematerialof

constructionofthetower.Softmetalsshouldnotbeusedinthefabricationoftowers.

Towershavetoberobusttowithstandthespeedywinds,beartheloadofrotorand

ancillarymachinary.itshouldbevibration– proofandwithstandshocks.Itshould

regulatetheturbulenceofwindalso.Neveratowershouldbepositionedontherooftops

ofbuildings.Towershavetobepaintedwithcorrosionresistantpaintsandmaintainedin

goodcondition.

Infigure8.2areshownthreetypesoftowerwhichareinpresentdayuse.Theseare

(i)PoleTower
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(ii)Lattice

Tower

(iii)GuyedTower
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Fig.8.3WindmillTowers

TheRotor:-

Therotorisanimportantsystem inthewindmill.Itactuallydeterminesthe

quantum ofprospectiveenergythatanoptimum speedtogeneratemaximum power.A

rotorconsistsofbladesarrangedinaradialmanner.Thebladesaresetataslightanglein

thewinddirectiontofacilitatefastrotation.

Usuallytheoutertipofthebladeattainsfivetimesgreaterspeedthantheactualwind,

andfanslotofairforcausingrotation.Itmeansthatifthewindspeedof12mphthe

rotationaltipspeedofbladeis60mph.Therotortipspeedratioisthus-theratiooftip

bladespeedtoactualwindspeed.Itisobservedthatarotortipspeedratioof5-8affords

uniform andreasonablepowergeneration.Further,therpm oftherotorisdependenton

thelengthoftheblade,thelongerthebladethelessertherpm itmakes.Thepoweroutput

from alargebladerotoriscosiderablygreatascomparedtosmallblade-constituated

rotor.Poweroutputispropertionaltothesqureofthelengthoftheblade.Rotorbladesare

madeupofstainlesssteel,FRP,steel,wood,aluminium andotherlightalloys,thecriteria

beinglightandstudy.

Thearrangementofbladesofarotorinspaceisgenerallyintwoforms,

(i) Horizontalaxisand

(ii) Verticalaxis.

Whentheaxle(shaft)oftherotorcarryingthebladesisinparallelpositiontothe

horizon,thesystem iscalled“horizontalaxis”type.
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Iftheaxleisinverticalpositiontothehorizon,itisknownas‘verticalaxis’type.

TheseformsofrotorpositionsareshowninFig.8.3.

Mostofthewindmillrotorsaredesignedtoworkatwindspeedsbetween8-

40mph.sometimesoverspeedingsofrotortakesplaceandthiswillspoiltheturbine.Also,

itisnotpossibletopredicttheimpactsofweatheratshortnotice.Thereforeadequate

automaticcontrolsareincorporatedintherotorsystemstoorientinsuchamannerasto

avoidthegreaterwindspeeds.Theseareachievedfollowingthetechniquessuchas:

Fig.8.4Windmillrotors

(i)Variableaxiscontrol-turningtherotorsidewaysorupwardsawayfrom thewind.

(ii)Coningspeedcontrol-whereinthebladesareactuallymadetobendinconeform

duetowind.

(iii) Spoilerflaps–byejectingflapthatslowsdownandactsasabrake.

(iv) Bladepitchcontrol–bytheactionofweightsthatchangethepitchoftherotor.

(v)Brakes-bymechanicalmeans.

Bothhorizontalaxistypeandverticalaxistyperotorshavereasonable

aerodynamicstabilitywhilefunctioningwiththeadequatefittings.

TheGenerator:-

WindpowercanbeusedtogenerateeitherDCorACelectricitythroughtheoperationof

suitablegenerators.TheprincipleofoperationofaDCgeneratorisasfollows:

Acoilofwirerotatesbetweenthenorthandsouthpolesofamagnet.Thecoilgets

inductedwithelectriccurrentanditisregulatedattheendofthecoilinacommutator

segmenttoflow inasingledirction.ThedesignofanACgeneratorissimilartotheDC

generatorexceptthatthecommutatorsegmentattheendofcoilischangedbycopper

rings,called‘sliprings’.

Inpractice,anacgeneratorhasthearmature(coil,i.e.,stator)fixedandthefieldpoles
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(rotor)rotated.Theaccurrentisgeneratedwhenthecoiliskeptinperpendicularposition

tothefieldofthe
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magnetandasrotationoccurs,currentchangesdirctionwitheachcycle.InFig.8.4.are

shownthecomponentsofadcgenerator.

WINDFARM:-

Fi

g8.5LinedrawingofaDCgenerator(movedbywind)

Theconstructionofaseriesofwindmillsinanelevatedzoneandconnectingthepower

generated from theentirearea constitutesa ‘wind farm’.Whileexploiting thisnon-

conventionalenergy,thisgroupplanninghastobemadeforeconomicreasons.

Inthestateofcalifornia,USA,windenergyisproducedthroughanagglomerationofwind

millsofthefarms.Thewindfarm atLambainGujuratstatehasaninstalledcapacity

of10MW.

FEATURESOFWINDENERGY:-

Windisareneableresourceavailablefreeofcharge.Itisplentythroughouttheworld.

Duringtheproductionofthisenergynopollutionofairorwateroccurs.Thetechnologyis

welldeveloped and proven.Necessary machinary for harnessing this power is

availablecommercially.

AsregardsIndia,thewinddataassessmentofseveralsitesin

stateswasmadebytheIndiabnInstituteofTropicalMeterology,Bangalore,inassociation

withtheministryofNon-ConventionalEnergySources(MNES)andthelistofsuitablesites

wheretheaveragewindspeedthroughtouttheyearexceded18kmphwaspublished.

Frthermore,itwasconcludedthattheannualmeanwindpowerdensityatthesiteof

selectionshallbeatleast150watts/sq.meterataspecifiedheightof30metersofthe

windmillorfarm.Site–specificinformationonwinddirection,frequency,shear,gusts

andturbulenceinadditiontowindspeedrequirementisnecessarytomakeaconcrete

selection.
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The MNES since then launched several

demonstrations of‘wind farms’projects atprospective sites and popularized the

establishmentofwindmillswithanobjectiveofachieving45,000MW powergeneration.

Subsequently,theCentreforWindEnergyTechnology(C-WET)ofMNESenteredintoa

contractwith a INDO-DANISHjointventure company,namely,vestas RRB India Ltd,

Chennai,fortheinstallationofitsV39-500kW windgeneratorwith47m rotordiameterand

issuedtheFirstIndianApprovalCertificatetothefirm.TheVestastypeWEG,apopular

designthroughouttheworld,hasthusenertedtheIndiansoilandtoday,thecompay

installedseveralVestasWEG TypewindmillsisthestatesofGujurat,Maharashtra,

MadhyaPradesh,Orissa,TamilNadu(firstinstallation)KeralaandKarnataka.InIndia,

VestasRRBCompanyofferstwotypesofwindelectricgenerators,namely,VestasType

V39-500kW with47meterrotorandVestasTypeV27-225kW.Theformerisconsideredto

bemoresuitabletotheIndianwindconditionsandseasons.Inconclusion,itmaybestated

thatthetechnologyandlogisticsforharnessingwindenergyinIndiaisfullyunderstood

andapplied.

NameandAddress Capacity(MW) DateofInstalation

RamagiriWindFarm,HLC
Colony,Anantapur-515001
Anathapur(Dt.)
Phone:08554-276541

2 10/10/1994

TotalCapacity: 2

Windfarmscanbelocatedwherestrongdependablewindsareavailablemostoftheyear.

Onaccountoftheuncertainityofstrongwindsthroughout,generationofwindpoweris

intermittent.Thereforethistypeofenergyhastobeeitheraugmentedwiththeregular

townpowersupplyorusedasastoredenergy,e.g.,chemicalenergyinbatteries,or

generationofhighenergymaterial–hydrogen.

Thenoiseproducedfrom themillsisannoyingandsometimesinterferewiththeradio

waves.Eventheaviaryisaffectedintheseregions.Lastly,Windenergy

iscostlyastheinfrastructuralframeworkisexpensive.

ASSIGNMENTS:

A1.Howarewindsformedintheatomsphere?

A2.Howiswindpowerharnessedtoproduceelectricity?

A3.Explainthecomponentsofthewindmillandhowdoesitoperatetomovethe

turbines?A4.Writethesalientfeaturesofwindrose?
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A5.DiscussthepotentialofinstallingwindpowerstationsinIndianstates.

8.1(C)TIDALENERGY:-

Theriseandfalloftidesoffersameansforstoringwaterattheriseanddischargingthe

sameatfall.Ofcoursetheheadofwateravailableundersuchcasesisverylow with

increased catchmentarea considerable amounts ofpowercan be generated ata

negligiblecost.

(i)Theuseoftidesforelectricpowergenerationispracticalinafewfavourablysituated

siteswherethegeographyofaninletofbayfavourstheconstructionofalargescale

hydroelectricplant.Toharnessthetides,adam wouldbebuiltacrossthemouthofthe

bayinwhichlargegatesandlowheadhydraullicturbineswouldbeinstalled.Atthetimeof

hightidethegatesareopenedandafterstoringwaterinthetidalbasinthegatesare

closed.Afterthetidehasreceded,thereisaworkinghydraulicheadbetweenthebasin

waterandopensea/oceanandthewaterisallowedtoflowbacktotheseathroughwater

turbinesinstalledinthedam.Withthistypearrangementthegenerationofelectricpower

isnotcontinuous.Howeverbyusingreversiblewaterturbinecanberuncontinuouslyas

showninfigurebelow.

Fig.8.5Generationofpowerbytides

……………………………………………………..END…………………………………………………


