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1. INTRODUCTIONTOELECTRICALMEASURINGINSTRUMENTS:

1.1Conceptofmeasurementandinstruments:-

WhatisElectricalMeasurement&Instrument?

Definition: Inelectrical,theinstrumentsusedto measure theresistance orcurrent,voltage,frequency,flux,power
factor,etc.arecalled ‘Electricalmeasuringinstruments’.
Theseinstruments areknownastheohmmeter,ammeter,voltmeter,frequencymeter,fluxmeter,powerfactormeter,
etc.

ElectricalParameter MeterType

Resistance Ohmmeter

Current Ammeter

Voltage Voltmeter

Frequency FrequencyMeter

Flux FluxMeter

PowerFactor PowerFactorMeter
Insimplewords,sometimes,themeasuringinstrumentcalledas ‘Meter’.

BlockDiagramofMeasuringInstruments
Practically,theelectricalmeasurementisacomparisonbetweentheactualmeasurementvalueandthestandard
value.Thestandardvalueisalsocalledas ‘Truevalue’.
Aftercomparing,therecanbesomedeviationcalled ‘error’.
Theerroristhedeviationofthemeasurementvaluetothestandardvalue.Itisdenotedby‘δ’.

Mathematicallyrepresentas,

Error=δ= [(Am)-(At)]

Where,

‘Am’isthemeasuredvalue.

‘At’isthestandardvalue.
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Note: WhenAm>At,thepositiveerroroccurs.AndwhenAm<At,anegativeerroroccurs.
Thesemeasurementvaluesaremeasuredintermsofnumericalvalues.

Thereare differentelectricalcompanies manufacturingthese electricalinstruments.

Classificationof  ElectricalMeasuringInstruments:

Inelectricalandelectronictechnologies,multipletypesofinstrumentsareusedbasedonthestudies,usecases,and
therequirements.

Theclassificationisbasedontheelectricalquantitiesofparts,thenatureoftheoperations, itspurposes,its
electricalsupply,occurring effects,usesandmanyotherterms.

Multimeters areapopulartypeofelectricalmeasuringinstrument.Likeitsname,itworkslikeanammeter,ohmmeter,
andvoltmetertomeasurecurrent,voltage,andresistance,respectively.Withthissingledevice,youcanmeasure
multipleunits.
Multimetersareavailableintotwoforms.

 Analogtype Multimeter

 Digitaltype Multimeter
Inthisadvancedtechnology,bothmetersareused.

Theanalogtypeofmultimetershowsthecontinuoussignal.Whereas,digitaltypeofmultimetershowsthediscrete
signal.

Digitalmeterisalsocalledas ‘SmartMeters’ or ‘AdvanceMeters’. Itgivesamoreaccurate,fastresponseandalso
displaysthemeasuringunits.
Formoredetail,Ihaveclassifiedthelistofdifferenttypesofelectricalmeasuringinstrumentsinanotherarticle.This
coversalltheclassificationwithanexplanation.

Necessity orUsesof ElectricalMeasuringInstruments:

Thesemeasuringinstrumentsarehelpingtodeterminetheelectricalquantities0rthenumericalvaluesforthe
electricalappliances.

Inthedailyroutine,instrumentsusedinthelab,commercial,industrial,manymoreplaces.

InGeneratingStationandSubstation,themostimportantpurposeoftheinstrumentsisthedatarecording.

Apartfromthat,thefollowingaresomeofthemajorusecasesofelectricalmeasuringinstruments.

  Tofindoutthe unknownnumericalvaluesoftheelectricalquantitiesandforcomparisonwiththestandard
values.

 Tofindouttheerrorinthemeasuringvaluesinthecircuitorsystem.

 Ithelpstofindoutfaultconditionsandtoprotecttheelectricalappliances.

 Measuringinstrumentsareusedforrecordingthedatawithrespecttothetime.

 Itisessentialfordisplayingnumericalvaluesoftheelectricalquantitiesasperthetime.

 Electricalmeasuringinstrumentsgiveanaccurateandefficientreadingforelectricalequipment.Mostly,the
digitalmeterisusedforanaccuratereading.
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 Itisalsousedforsafetypurposewhileelectricalcircuitdevelopmentandtestinginthelab.

1.2CONCEPTOFMEASUREMENTOFELECTRICALQUANTITIESANDINSTRUMENTSFOR

THEIR

MEASUREMENTS,SOURCESOFERROR.

MeasurementsandErrorAnalysis

"Itisbettertoberoughlyrightthanpreciselywrong."—AlanGreenspan

THEUNCERTAINTYOFMEASUREMENTS
Somenumericalstatementsareexact:Maryhas3brothers,and2+2=4.However,all measurements havesomedegreeofuncertaintythatmaycomefromavariety

ofsources.Theprocessofevaluatingtheuncertaintyassociatedwithameasurementresultisoftencalled uncertaintyanalysis or erroranalysis.Thecomplete

statementofameasuredvalueshouldincludeanestimateofthelevelofconfidenceassociatedwiththevalue.Properlyreportinganexperimentalresultalongwithits

uncertaintyallowsotherpeopletomakejudgmentsaboutthequalityoftheexperiment,anditfacilitatesmeaningfulcomparisonswithothersimilarvaluesora

theoreticalprediction.Withoutanuncertaintyestimate,itisimpossibletoanswerthebasicscientificquestion:"Doesmyresultagreewithatheoreticalpredictionor

resultsfromotherexperiments?"Thisquestionisfundamentalfordecidingifascientifichypothesisisconfirmedorrefuted.Whenwemakeameasurement,we

generallyassumethatsomeexactortruevalueexistsbasedonhowwedefinewhatisbeingmeasured.Whilewemayneverknowthistruevalueexactly,weattempt

tofindthisidealquantitytothebestofourabilitywiththetimeandresourcesavailable.Aswemakemeasurementsbydifferentmethods,orevenwhenmaking

multiplemeasurementsusingthesamemethod,wemayobtainslightlydifferentresults.Sohowdowereportourfindingsforourbestestimateofthiselusive true

value?Themostcommonwaytoshowtherangeofvaluesthatwebelieveincludesthetruevalueis:

(1)

measurement=(bestestimate±uncertainty)units 

Let'stakeanexample.Supposeyouwanttofindthemassofagoldringthatyouwouldliketoselltoafriend.Youdonotwanttojeopardizeyourfriendship,so

youwanttogetanaccuratemassoftheringinordertochargeafairmarketprice.Youestimatethemasstobebetween10and20gramsfromhowheavyit

feelsinyourhand,butthisisnotaverypreciseestimate.Aftersomesearching,youfindanelectronicbalancethatgivesamassreadingof17.43grams.While

thismeasurementismuchmore precise thantheoriginalestimate,howdoyouknowthatitis accurate,andhowconfidentareyouthatthismeasurement

representsthetruevalueofthering'smass?Sincethedigitaldisplayofthebalanceislimitedto2decimalplaces,youcouldreportthemassas 

m =17.43±0.01g. 

 Supposeyouusethesameelectronicbalanceandobtainseveralmorereadings:17.46g,17.42g,17.44g,sothattheaveragemassappearstobeintherangeof 

17.44±0.02g. 

 Bynowyoumayfeelconfidentthatyouknowthemassofthisringtothenearesthundredthofagram,buthowdoyouknowthatthetruevaluedefinitelylies

between17.43gand17.45g?Sinceyouwanttobehonest,youdecidetouseanotherbalancethatgivesareadingof17.22g.Thisvalueisclearlybelowtherangeof

valuesfoundonthefirstbalance,andundernormalcircumstances,youmightnotcare,butyouwanttobefairtoyourfriend.Sowhatdoyoudonow?Theanswer

liesinknowingsomethingabouttheaccuracyofeachinstrument.Tohelpanswerthesequestions,weshouldfirstdefinetheterms accuracy and precision:

Accuracy istheclosenessofagreementbetweenameasuredvalueandatrueoracceptedvalue.Measurement error istheamountofinaccuracy.

Precision isameasureofhowwellaresultcanbedetermined(withoutreferencetoatheoreticalortruevalue).Itisthedegreeofconsistencyandagreement

amongindependentmeasurementsofthesamequantity;alsothereliabilityorreproducibilityoftheresult.

The uncertainty estimateassociatedwithameasurementshouldaccountforboththeaccuracyandprecisionofthemeasurement.

Note: Unfortunatelytheterms error and uncertainty areoftenusedinterchangeablytodescribebothimprecisionandinaccuracy.Thisusageissocommonthatitis



INTERNATIONALINSTITUTEOFTECHNOLOGY&MANAGEMENT,MURTHALSONEPAT
E-NOTES,Subject:ElectricalMeasuringinstrumentsAndInstrumentation.

Course:Diploma,Branch:EE,Sem-4th ,Unit-1-10(Complete)
(PreparedBy:Mr.RaviRanjan,AssistantProfessor,EE)

impossibletoavoidentirely.Wheneveryouencountertheseterms,makesureyouunderstandwhethertheyrefertoaccuracyorprecision,orboth.Noticethatinorderto
determinethe accuracy ofaparticularmeasurement,wehavetoknowtheideal,truevalue.Sometimeswehavea"textbook"measuredvalue,whichiswellknown,and
weassumethatthisisour"ideal"value,anduseittoestimatethe accuracy ofourresult.Othertimesweknowatheoreticalvalue,whichiscalculatedfrombasic
principles,andthisalsomaybetakenasan"ideal"value.Butphysicsisanempiricalscience,whichmeansthatthetheorymustbevalidatedbyexperiment,andnot
theotherwayaround.Wecanescapethesedifficultiesandretainausefuldefinitionof accuracy byassumingthat,evenwhenwedonotknowthetruevalue,wecan
relyonthebestavailable accepted valuewithwhichtocompareourexperimentalvalue.Forourexamplewiththegoldring,thereisnoacceptedvaluewithwhichto
compare,andbothmeasuredvalueshavethesameprecision,sowehavenoreasontobelieveonemorethantheother.Wecouldlookuptheaccuracyspecifications
foreachbalanceasprovidedbythemanufacturer(theAppendixattheendofthislabmanualcontainsaccuracydataformostinstrumentsyouwilluse),butthe
bestwaytoassesstheaccuracyofameasurementistocomparewithaknown standard.Forthissituation,itmaybepossibletocalibratethebalanceswitha
standardmassthatisaccuratewithinanarrowtoleranceandistraceabletoa primarymassstandard attheNationalInstituteofStandardsandTechnology(NIST).
Calibratingthebalancesshouldeliminatethediscrepancybetweenthereadingsandprovideamore accurate massmeasurement.Precisionisoftenreported
quantitativelybyusing relative or fractionaluncertainty:

(2)

RelativeUncertainty= 

uncertainty

measuredquantity

 

Example: 

m =75.5±0.5g 

 hasafractionaluncertaintyof: 

0.5g

75.5g

 = 0.006 =0.7%.

 

Accuracyisoftenreportedquantitativelybyusing relativeerror:

(3)

RelativeError= 

measuredvalue−expectedvalue

expectedvalue

 

Iftheexpectedvaluefor m is80.0g,thentherelativeerroris: 

75.5−80.0
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80.0

 = −0.056=−5.6%

 

Note: Theminussignindicatesthatthemeasuredvalueis less thantheexpectedvalue.Whenanalyzingexperimentaldata,itisimportantthatyouunderstandthe

differencebetweenprecisionandaccuracy. Precision indicatesthequalityofthemeasurement,withoutanyguaranteethatthemeasurementis"correct." Accuracy,on

theotherhand,assumesthatthereisanidealvalue,andtellshowfaryouranswerisfromthatideal,"right"answer.Theseconceptsaredirectlyrelated

to random and systematic measurementerrors.

TYPESOFERRORS
Measurementerrorsmaybeclassifiedaseither random or systematic,dependingonhowthemeasurementwasobtained(aninstrumentcouldcausearandomerror

inonesituationandasystematicerrorinanother).

Randomerrors arestatisticalfluctuations(ineitherdirection)inthemeasureddataduetotheprecisionlimitationsofthemeasurementdevice.Randomerrorscanbe

evaluatedthroughstatisticalanalysisandcanbereducedbyaveragingoveralargenumberofobservations(seestandarderror).

Systematicerrors arereproducibleinaccuraciesthatareconsistentlyinthesamedirection.Theseerrorsaredifficulttodetectandcannotbeanalyzedstatistically.Ifa

systematicerrorisidentifiedwhencalibratingagainstastandard,applyingacorrectionorcorrectionfactortocompensatefortheeffectcanreducethebias.Unlike

randomerrors,systematicerrorscannotbedetectedorreducedbyincreasingthenumberofobservations.

Whenmakingcarefulmeasurements,ourgoalistoreduceasmanysourcesoferroraspossibleandtokeeptrackofthoseerrorsthatwecannoteliminate.Itisuseful

toknowthetypesoferrorsthatmayoccur,sothatwemayrecognizethemwhentheyarise.Commonsourcesoferrorinphysicslaboratoryexperiments:

Incompletedefinition (maybesystematicorrandom)—Onereasonthatitisimpossibletomakeexactmeasurementsisthatthemeasurementisnotalwaysclearly

defined.Forexample,iftwodifferentpeoplemeasurethelengthofthesamestring,theywouldprobablygetdifferentresultsbecauseeachpersonmaystretchthe

stringwithadifferenttension.Thebestwaytominimizedefinitionerrorsistocarefullyconsiderandspecifytheconditionsthatcouldaffectthemeasurement.Failure

toaccountforafactor (usuallysystematic)—Themostchallengingpartofdesigninganexperimentistryingtocontroloraccountforallpossiblefactorsexceptthe

oneindependentvariablethatisbeinganalyzed.Forinstance,youmayinadvertentlyignoreairresistancewhenmeasuringfree-fallacceleration,oryoumayfailto

accountfortheeffectoftheEarth'smagneticfieldwhenmeasuringthefieldnearasmallmagnet.Thebestwaytoaccountforthesesourcesoferroristobrainstorm

withyourpeersaboutallthefactorsthatcouldpossiblyaffectyourresult.Thisbrainstormshouldbedone before beginningtheexperimentinordertoplanand

accountfortheconfoundingfactorsbeforetakingdata.Sometimesa correction canbeappliedtoaresult after takingdatatoaccountforanerrorthatwasnot

detectedearlier.Environmentalfactors (systematicorrandom)—Beawareoferrorsintroducedbyyourimmediateworkingenvironment.Youmayneedtotakeaccount

fororprotectyourexperimentfromvibrations,drafts,changesintemperature,andelectronicnoiseorothereffectsfromnearbyapparatus.Instrument

resolution (random)—Allinstrumentshavefiniteprecisionthatlimitstheabilitytoresolvesmallmeasurementdifferences.Forinstance,ameterstickcannotbeused

todistinguishdistancestoaprecisionmuchbetterthanabouthalfofitssmallestscaledivision(0.5mminthiscase).Oneofthebestwaystoobtainmoreprecise

measurementsistousea nulldifference methodinsteadofmeasuringaquantitydirectly. Null or balance methodsinvolveusinginstrumentationtomeasurethe

differencebetweentwosimilarquantities,oneofwhichisknownveryaccuratelyandisadjustable.Theadjustablereferencequantityisvarieduntilthedifferenceis

reducedtozero.Thetwoquantitiesarethenbalancedandthemagnitudeoftheunknownquantitycanbefoundbycomparisonwithameasurementstandard.Withthis

method,problemsofsourceinstabilityareeliminated,andthemeasuringinstrumentcanbeverysensitiveanddoesnotevenneedascale.Calibration (systematic)—

Wheneverpossible,thecalibrationofaninstrumentshouldbecheckedbeforetakingdata.Ifacalibrationstandardisnotavailable,theaccuracyoftheinstrument

shouldbecheckedbycomparingwithanotherinstrumentthatisatleastasprecise,orbyconsultingthetechnicaldataprovidedbythemanufacturer.Calibration

errorsareusuallylinear(measuredasafractionofthefullscalereading),sothatlargervaluesresultingreaterabsoluteerrors.Zerooffset (systematic)—When

makingameasurementwithamicrometercaliper,electronicbalance,orelectricalmeter,alwayscheckthezeroreadingfirst.Re-zerotheinstrumentifpossible,orat

leastmeasureandrecordthezerooffsetsothatreadingscanbecorrectedlater.Itisalsoagoodideatocheckthezeroreadingthroughouttheexperiment.Failureto

zeroadevicewillresultinaconstanterrorthatismoresignificantforsmallermeasuredvaluesthanforlargerones.Physicalvariations (random)—Itisalwayswise

toobtainmultiplemeasurementsoverthewidestrangepossible.Doingsooftenrevealsvariationsthatmightotherwisegoundetected.Thesevariationsmaycallfor

closerexamination,ortheymaybecombinedtofindanaveragevalue.Parallax (systematicorrandom)—Thiserrorcanoccurwheneverthereissomedistance

betweenthemeasuringscaleandtheindicatorusedtoobtainameasurement.Iftheobserver'seyeisnotsquarelyalignedwiththepointerandscale,thereadingmay

betoohighorlow(someanalogmetershavemirrorstohelpwiththisalignment).Instrumentdrift (systematic)—Mostelectronicinstrumentshavereadingsthatdrift

overtime.Theamountofdriftisgenerallynotaconcern,butoccasionallythissourceoferrorcanbesignificant.Lagtime and hysteresis (systematic)—Some

measuringdevicesrequiretimetoreachequilibrium,andtakingameasurementbeforetheinstrumentisstablewillresultinameasurementthatistoohighorlow.A

commonexampleistakingtemperaturereadingswithathermometerthathasnotreachedthermalequilibriumwithitsenvironment.Asimilareffectis hysteresis where

theinstrumentreadingslagbehindandappeartohavea"memory"effect,asdataaretakensequentiallymovingupordownthrougharangeofvalues.Hysteresisis

mostcommonlyassociatedwithmaterialsthatbecomemagnetizedwhenachangingmagneticfieldisapplied.Personalerrors comefromcarelessness,poortechnique,

orbiasonthepartoftheexperimenter.Theexperimentermaymeasureincorrectly,ormayusepoortechniqueintakingameasurement,ormayintroduceabiasinto

measurementsbyexpecting(andinadvertentlyforcing)theresultstoagreewiththeexpectedoutcome.
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1.3TYPESOFELECTRICALMEASURINGINSTRUMENTS…

Typesofelectricalmeasuringinstrumentsare:

 Moving-ironinstrument

 Moving-coilinstrument

 Hotwireinstrument

 Inductiontypeinstrument

Movingironinstrument:
Inthistypeofinstruments,deflectioncoilismadeofsoftironwhichmovesinthemagneticfield.Thistypeof
instrumentisprincipallyusedforthemeasurementofalternatingcurrentsandvoltages,thoughitcanalsobeused
forD.Cmeasurements.

Therearetwotypesofmovingironinstruments:

Attractiontype:

Asoftironrodfixedtotheshaftismagnetizedandpulledinsidethecoil,theforceofattractionisproportionalto
theforceofthefieldinsidethecoil,whichagainisproportionaltotheforceofthecurrent.

Whenthecurrenttobemeasuredpassesthroughthecoil,amagneticfieldisproducedthatdrawstheironrod
inward,therebydeflectingthepointerthatmovesonacalibratedscale.

RepulsionType:
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TwoparallelrodsofsoftIronarearrangedalongtheaxisofthefixedcoil.Onerodisfixedandotheronewillbe
movable.whencurrentpassthroughboththerod,itinducesamagnetfieldofsamepolaritycausingrepulsion
betweenboththevanesresultinginthedeflectionofpointer.

MovingCoilinstrument:
Inthiscasethemovingelementisthecurrentcoilitself.Therearetwotypeofmovingcoilinstrument:

PermanentMagnettype:

AcoilwoundinanaluminumorcopperframeisplacedintheradialmagneticfieldproducedbyapermanentU-
shapedmagnetprovidedwithpolarpiecesofsoftironprovidedtoreducethemagneticfield’sreluctancebytheair
gap.
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Dynamometertype

Thepermanentmagnetinthemobilecoilmeterisreplacedbyelectromagneticcoil.Themovementsofthe
electrodynamicmeteruseastationarycoilandmobilecoilstodevelopinteractingmagneticfields(ie,the



INTERNATIONALINSTITUTEOFTECHNOLOGY&MANAGEMENT,MURTHALSONEPAT
E-NOTES,Subject:ElectricalMeasuringinstrumentsAndInstrumentation.

Course:Diploma,Branch:EE,Sem-4th ,Unit-1-10(Complete)
(PreparedBy:Mr.RaviRanjan,AssistantProfessor,EE)

electrodynamometerusestwoelectromagneticfieldsinitsoperation).

Hotwireinstrument:

image.jpg893×71449.3KB

Ahotwireisfixedbetweentwopoints.Thecurrentmustbemeasuredtopassthroughthecable.Asthecurrent
passes,thecableheatsupandexpands,sinkingduetoexpansion.Thisextensionisabsorbedbythespringandsilk
thread,whichmakesthepulleyturn,movingthepointerattachedtoit.

Induction-TypeInstruments:
Itworksaccordingtotheprincipleofinduction,thatis,intheproductionofparasiticcurrentsinasysteminmotion
throughalternatingflows.Theseparasiticcurrentsinducedinamovingsysteminteractwitheachothertoproducea
motortorquebecausethediskrotatestorecordtheenergy.

Therearetwotypesofinductiontypeinstruments:

Ferraris-typeinductioninstrument:
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Arotatingmagneticfieldisproducedbytwopairsofcoilswoundonalaminatedmagnetsystem.Thesepairsof
coilsaresuppliedfromthesamesource,butaphaseshiftofabout90°occursinthecurrentflowinginthemby
connectingoneinductanceinserieswithonepairandahighresistancewiththeother,toproducearotatingmagnetic
field.Thisrotatingfieldinducescurrentsinanaluminiumdrumandcausesthisdrumtofollowitsrotation.Ifthe
drumcanrotatefreely,itwillrotateataspeedslightlylowerthanthatoftherotatingfieldbutinthesamedirection
ofthefield.

Shadedpoletypeinductioninstruments:

Itconsistsofalaminatedelectromagnetthathasanairspaceinwhichanedgeofathinaluminiumdiscrotates.This
discismountedonanaxisthathasapointerandisequippedwithacontrolspring.Approximatelyone-thirdofthe
poleoftheelectromagnetissurroundedbyacopperbandthatprovidesaphaseshiftarrangement.

WhenA.Ccurrentissuppliedtotheelectromagnet,eddycurrentsareinducedintheshadingring,andtheflowwithin
theshadedportionoftheringisdelayedbehindthemainflowbyanangleof40-50°.Thisphaseshiftproducesa
torqueontherotatingdiskandmeasuresthevalueofthecurrentorvoltage.
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Theinstruments,whichareusedtomeasureanyquantityareknownasmeasuring
instruments.Thistutorialcoversmainlythe electronicinstruments,whichareuseful
formeasuringeitherelectricalquantitiesorparameters.

Followingarethemostcommonlyusedelectronicinstruments.

 Voltmeter

 Ammeter

 Ohmmeter

 Multimeter

1.4

ThemovementofPermanentMagnetMovingCoil(PMMC)Instrumentinvolvestheinfluenceof3torques.

1. DeflectingTorque,
2. ControllingTorqueand
3. DampingTorque.

Thebalanceofthesetorquesoverthepointerindicatesthemeasuredvalue.

1. DeflectionTorque: Thistorquemakesthepointermoveawayfromthezeropositiontothedesiredreading.But,
theapplieddeflectiontorqueresultsinareadinggreaterthanthedesiredreading.

2. ControllingTorque: Thistorqueisresponsibletocompensatetheextradeflectionmadebythepointerduetothe
deflectiontorque.Hence,thedesiredreadingisindicated.

3. DampingTorque: Thistorquemakesthepointertoreturnthepointertothezeropositiongraduallyafterthe
readinghasbeenmade.

Dampingtorquecanalsobeinterpretedasthetorqueresponsibleforthepointertocometoananequilibrium
positioni.e.atrestinthescalewithoutoscillatingtogiveaccuratereading.

2.1CONCEPTOFAMMETERANDVOLTMETERANDTHEIRDIFFERENCE.

DifferenceBetweenAmmeter&Voltmeter

Themajordifferencebetweentheammeterandthevoltmeteristhattheammeter
measurestheflowofcurrent,whereasthevoltmetermeasurestheemforvoltage
acrossanytwopointsoftheelectricalcircuit.Theotherdifferencesbetweenthe
ammeterandvoltmeterare presentedbelowinthecomparisonchart.

Electricityismeasuredintwoways.i.e.,eitherthroughcurrentorvoltage.The
currentandvoltageofthecircuitaremeasuredthroughammeterandvoltmeter.The
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workingprincipleoftheammeterandvoltmeteraresame asthatofthe
galvanometer.

Thegalvanometerusesacoilwhichisplacedbetweenthemagnet.Whenthecurrent
flowsthroughthecoils,itbecomesdeflected.Thedeflectionofthecoilsdepends
onthechargepassingthroughit.Thisdeflectionisusedformeasuringthecurrent
orvoltage. Thegalvanometerworksasavoltmeterwhentheresistorisplacedin
serieswiththegalvanometer.

Content:AmmeterVsVoltmeter

1.ComparisonChart
2.Definition
3.KeyDifferences

ComparisonChart

BasisFor

Comparison
Ammeter Voltmeter

Definition Theinstrumentsusedfor

measuringthecurrent.

Itmeasuresthevoltage

betweenanytwopointsofthe

circuit.

Symbolic

Representation

Resistance Low High

Connection Itisconnectedinserieswith

thecircuit.

Itisconnectedinparallelwith

thecircuit.

Accuracy More Less

Changingof Notpossible Possible
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BasisFor

Comparison
Ammeter Voltmeter

Range

DefinitionofAmmeter

Theammeteristhemeasuringinstrumentswhichareusedtomeasurethecurrent
inthecircuit.Itmeasuresthesmallamountofcurrentinmilliamperesormicro-
amperes.Theammeterisplacedinserieswiththemeasuringcircuitsothatthe
wholecurrentofthecircuitpassesthroughit.

The resistance oftheammeterisverysmallascomparedvoltmeter.Forideal
ammeter,thevalueofresistanceisequaltozero.Thesmallresistancedoesnot
obstructtheflowofcurrent,andthustheammetermeasuresthetruevalue.

DefinitionofVoltmeter

Thevoltmeteristhevoltagemeasuringdevices.Itisconnectedinparallelwiththe
electricalcircuitwhosepotentialistobemeasured.Theconnectionpolarityofthe
voltmeterissameasthatoftheammeteri.e.thepositiveterminalisconnectedto
thepositivepolarityofthesupplyandthenegativepotentialisconnectedtothe
negativepolarity.
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Theresistanceacrossthevoltmeterisverylargeascomparedtotheammeter.This
resistancedoesnotallowthecurrenttoflowthroughthevoltmeterandthusthe
exactvalueofthevoltageacrossthemeasuringpointismeasured.Thevalueof
resistanceinidealvoltmeterisapproximatelyequaltoinfinity.

KeyDifferencesbetweenAmmeterandVoltmeter

ThefollowingarethekeydifferencebetweenAmmeterandVoltmeter.

1. Theammeterisdefinedasthedeviceusedformeasuringthesmallvaluecurrentflowsin
thecircuit,whereasthevoltmetermeasuresthepotentialdifferencebetweenanytwo
pointsoftheelectricalcircuit.

2.Theresistanceoftheammeterislow.Sothat,thewholecurrentofthecircuitwillpass
throughit.Whereas,theinternalresistanceofthevoltmeterisverylowsothatthecurrent
fromthecircuitdoesnotdisturbthemeasuringofthevoltmeter.

3.Theammeterisconnectedinserieswiththecircuitformeasuringthecompletecurrent,
whereasthevoltmeterisconnectedinparallelwiththecircuit.Thepotentialdifferenceof
theparallelcircuitremainssameatallpoints.Soformeasuringtheexactvalueofthe
potentialdifference,itisconnectedinparallelwiththepointswhosevoltageistobe
measured.

4.Theaccuracyoftheammeterismoreascomparedtothevoltmeter.
5.Themeasuringrangeofthevoltmetercanbeincreasesordecreasesbychangingthevalue

ofresistancewhereastherangeofammetercannotbechanged.

Nowadays,thecurrentclampisusedformeasuringthecircuitcurrent
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2.2

Movingironinstrument:
Inthistypeofinstruments,deflectioncoilismadeofsoftironwhichmovesinthemagneticfield.Thistypeof
instrumentisprincipallyusedforthemeasurementofalternatingcurrentsandvoltages,thoughitcanalsobeused
forD.Cmeasurements.

Therearetwotypesofmovingironinstruments:

Attractiontype:

Asoftironrodfixedtotheshaftismagnetizedandpulledinsidethecoil,theforceofattractionisproportionalto
theforceofthefieldinsidethecoil,whichagainisproportionaltotheforceofthecurrent.

Whenthecurrenttobemeasuredpassesthroughthecoil,amagneticfieldisproducedthatdrawstheironrod
inward,therebydeflectingthepointerthatmovesonacalibratedscale.

RepulsionType:
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TwoparallelrodsofsoftIronarearrangedalongtheaxisofthefixedcoil.Onerodisfixedandotheronewillbe
movable.whencurrentpassthroughboththerod,itinducesamagnetfieldofsamepolaritycausingrepulsion
betweenboththevanesresultinginthedeflectionofpointer.

MovingCoilinstrument:
Inthiscasethemovingelementisthecurrentcoilitself.Therearetwotypeofmovingcoilinstrument:

PermanentMagnettype:

AcoilwoundinanaluminumorcopperframeisplacedintheradialmagneticfieldproducedbyapermanentU-
shapedmagnetprovidedwithpolarpiecesofsoftironprovidedtoreducethemagneticfield’sreluctancebytheair
gap.
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Dynamometertype

Thepermanentmagnetinthemobilecoilmeterisreplacedbyelectromagneticcoil.Themovementsofthe
electrodynamicmeteruseastationarycoilandmobilecoilstodevelopinteractingmagneticfields(ie,the
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electrodynamometerusestwoelectromagneticfieldsinitsoperation).

2.3MERITSANDDEMERITSOFTHESEINSTRUMENTS

3WATTMETERS

Constructionandworkingprincipleofdynamometertypewattmeter
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DynamometerTypeWattmeter–Constructionandworkingprinciple

Hellofriends,inthispostwewillseeconstructionandworkingprinciple&classificationofdynamometer
typewattmeter.Wewillalsoseetheadvantagesanddisadvantagesofdynamometertypewattmeter.

ConstructionofDynamometerTypeWattmeter:

Thefollowingfigureshowsthedynamometerwattmeterformeasuringthepower. Iftwocoilsare
connectedsuchthat,currentproportionaltotheloadvoltage,flowsthroughonecoilandcurrent
proportionaltotheloadcurrent,flowsthroughanothercoil,themetercanbecalibrateddirectlyin
watts. Thisistruebecausetheindicationdependsupontheproductofthetwomagneticfields.The
strengthofthemagneticfieldsdependsuponthevaluesofthecurrentflowingthroughthecoils.

Dynamometertype

wattmeter

WorkingofDynamometerTypeWattmeter:

Letusconsider

 v=supplyvoltage

 i=loadcurrentand

 R=resistanceofthemovingcoilcircuit

 Currentthroughfixedcoils,i(f)=I
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 Currentthroughthemovingcoil,i(m)=v/R
Deflectingtorque,

 ForaDCcircuit,thedeflectingtorqueisthusproportionaltothepower.

 Foranycircuitwithfluctuatingtorque,theinstantaneoustorqueisproportionaltoinstantaneouspower.In
thiscase,duetotheinertiaofmovingparts,thedeflectionwillbeproportionaltotheaveragepower.For
sinusoidalalternatingquantities,theaveragepowerisVICOSθwhere

 V=r.m.s.valueofvoltage,

 I=r.m.s.valueofcurrent,and

 θ=phaseanglebetweenVandI
Henceanelectrodynamicinstrument,whenconnectedasshowninthefigure,indicatesthepower,
irrespectiveofthefactitisconnectedinanACorDCcircuit.

Ranges:

1. Currentcircuit:0.25Ato100Awithemployingcurrenttransformers(CTs).
2. Potentialcircuit:5Vto750Vwithoutemployingpotentialtransformers(PTs).

AdvantagesandDisadvantagesofDynamometerTypeInstruments
AdvantagesandDisadvantagesofDynamometerTypeInstruments

Advantages:

1.       Theseinstrumentsarefreefromhysteresislossesandeddycurrentlosses.

2.       Theyhaveaprecisiongradeaccuracy.

3.       TheseinstrumentscanbeusedonbothA.CandD.C.Theyarealsousedasatransferinstruments.

4.       ElectrodynamometervoltmetersareveryusefulwhereaccurateRMSvaluesofvoltage,irrespective

ofwaveforms,arerequired.

Disadvantages:

1.       Theyhaveanon-uniformscale.

2.       Theseinstrumentshavealowsensitivityduetoalowtorquetoweightratio.

3.       TheyaremoreexpensivethaneitherthePMMCortheM.Itypeinstruments.

4.       Theseinstrumentsaresensitivetooverloadsandmechanicalimpacts.Therefore,theymustbe

handledwithgreatcare.
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5.       Theoperatingcurrentoftheseinstrumentsislargeduetothefactthattheyhaveaweakmagnetic

field.

Digitalwattmeter

Digital

Digitalwattmetersmeasurecurrentandvoltageelectronicallythousandsoftimesasecond,multiplyingtheresultsina
computerchiptodeterminewatts.Thecomputercanalsoperformstatisticssuchaspeak,average,lowwattsandkilowatt
-hoursconsumed.Theycanmonitorthepowerlineforvoltagesurgesandoutages.In2009,avarietyofinexpensivedigital
wattmetersareavailabletoconsumers.Withthefallingpriceandimprovedcapabilitiesofdigitalelectronics,theyhave
becomepopularforconvenientlymeasuringpowerconsumptioninhouseholdapplianceswithaneyetowardsaving
energyandmoney.

4

Constructionandworkingofsinglephaseenergymeters

Singlephaseinductiontypeenergymeter

Inductiontypesinglephaseenergymeter:

Singlephaseinductiontypeenergymeterisextensively

usedtomeasureenergysuppliedtoasinglephase

circuit.

Operating principle of Single phase induction type
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energymeter:
Theoperationofinductiontypeenergymeterdepends

on thepassageofalternating currentthroughtwo

suitablylocatedcoilsproducingrotatingmagneticfield

whichinteractswithametallicdiscsuspendednearto

thecoilsandcausethedisctorotate.

Thecurrentcoilcarriesthelinecurrentandproduces

fieldinphasewiththelinecurrent.Thepressurecoilis

madehighlyinductivesothatthecurrentthroughitlags

behindthesupplyvoltageby90degrees.Thus,aphase

differenceof90degreesexistsbetweenthefluxes

producedbythetwocoils.Thissetsuprotatingfield

whichinteractswiththedisctocauseittorotate.

Construction ofSinglephaseinduction typeenergy
meter:
Asinglephaseinductiontypeenergymetergenerally

has:

1.Movingsystem

2.Operatingmechanism

3.Recordingmechanism
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Singlephaseinductiontypeenergymeterdiagram

1.Movingsystem: Themovingsystemconsistsofalight

aluminium discmounted on a verticalspindle.The

spindle is supported by a up-shaped jewelled

bearingsatthebottom endandhasaspringjournal

bearingatthetopend.

Thereisnopointerandcontrolspringsothatthedisc

makes continuous rotation under the action of

deflectingtorque.

2.Operatingmechanism: Itconsistsofseriesmagnet,

shuntmagnetandbreakingmagnet.
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Seriesmagnet: Theseriesmagnetconsistsofanumber

ofU-shapedlaminationsassembledtogethertoforma

core.Athickwireoffewturnsiswoundonbothlegsof

theU-shapedlaminatedcore.Thewoundcoilisknown

ascurrentcoilandisconnectedinserieswiththeload

sothatitcarriestheloadcurrent.Theseriesmagnetis

placedundersidethealuminium discandproduces

magneticfieldproportionaltoandinphasewiththe

current.

ShuntMagnet: Theshuntmagnetconsistsofanumber

ofM-shapedlaminationsassembledtogethertoforma

core.Afinewireoflargeturnsiswoundonthecentral

limb ofthismagnet.Thewound coilisknown as

pressurecoilandisconnectedacrosstheloadsothat

itcarriescurrentproportionaltosupplyvoltage.the

shuntmagnetisplacedabovethealuminium discas

shown.

Inordertoobtaindeflectingtorque,currentinthe

pressurecoilmustlag behindthesupplyvoltageby

90degrees.Thisnecessaryphaseshiftisobtainedby

placing a copperring overcentrallimb ofshunt

magnet.Thiscopperringactsasashortcircuited

transformersecondary.Asitsinductanceishighas

comparedwithitsresistance,thecurrentcirculatingin
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theringwilllagby nearly 90 degreesbehind the

voltageproducingit.

Braking magnet: The speed of aluminium disc is

controlled to the required value by the C-shaped

permanentbrakingmagnet.Themagnetismountedso

thatthediscrevolvesintheairgapbetweenthepolar

extremities.Asthediscrotates,currentsareinducedin

thediscbecauseitcutsthefluxproducedbythe

breakingmagnet.Thedirectionofthecurrentinthedisc

issuchthatitopposestherotationofthedisc.Since

theinducedcurrentsinthediscareproportionaltothe

speed of the disc,therefore,breaking torque is

proportionaltothediscspeed.

3.Recordingmechanism: Thenumberofrevolutionsof

thediscsameasureoftheelectricalenergypassing

throughthemeterandisrecordedondialswhichare

gearedtotheshaft.

Working: 

Whentheenergymeterisconnectedinthecircuitto

measureelectricalenergy,thecurrentcoilcarriesthe

loadcurrentwhereasthepressurecoilcarriescurrent

proportionaltothesupplyvoltage.Themagneticfield
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duetocurrentcoilisinphasewithlinecurrentwhereas

themagneticfieldproducedduetopressurecoillags

approximately90degreesbehindthesupplyvoltage.

Thecurrentcoilfieldproduceseddycurrentsinthe

discwhichreactswiththefieldduetothepressurecoil.

Thus,adrivingforceiscreatedwhichcausesthedisc

torotate.

Thebrakingmagnet providesthebrakingtorqueonthe

disc.Byalteringthepositionofthismagnet,desired

speedcanbeobtained.Thespindleisgearedtothe

recording mechanism so that electrical energy

consumedinthecircuitisdirectlyregisteredinkWh.

Meritsanddemeritsofsinglephaseenergymeters

AdvantagesofInductionmeter
 Nomovingiron.
 Hightorqueistoweightratio.
 Themovingelementhasnoelectricalcontactwiththecircuit.
 Lessaffectedbystraymagneticfield.
 Moreaccurateonawiderangeofloads.
 Gooddamping.

DisadvantagesofInductionmeter
 Withoutpropercompensationmeasures,aconsiderableamountoferrorsarecausedin themeasurement

duetotemperature,waveformandfrequencychanges.
 InductionmeterscanuseonlyforACmeasurements.
 Theyconsumeaconsiderableamountofpower.
 Theyhavenonlinearscales.

Threephaseenergymeter  working,construction 
Anenergymeterisusedtomeasuretheenergyconsumedinthekilowatthours.Thisisusedineachandeveryhouseandindustryfor

calculatingtheenergyconsumedbythem.A 3-phaseenergymeter hassameelementsasincaseofa single-phaseenergymeter. We

seeeachofthemindetailinthispost.
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Constructionofthreephaseenergymeter:
A3-phaseenergymeterhasfollowingsystems.Thissystemsaresameforbothsinglephaseandthreephaseenergymeters.Theyare:

1.DrivingSystem.

2.MovingSystem.

3.BreakingSystem.

4.RegisteringorCountingSystem.

DrivingSystem:
Thisconsistsofacoilwoundedoncentrallimbofashuntelectromagnetwhichactsaspressurecoilalsoknownasvoltagecoil.This

coilshouldhavehighinductancewhichmeansthatinductancetoresistanceratioofthiscoilisveryhigh.Becauseofthisinductive

naturethecurrent,fluxwilllagbehindsupplyvoltageby90°approximately. 

     

Coppershadingbandsareprovidedontheshuntmagnet'scentrallimbtoget90°phaseangledisplacementbetweenmagneticfield

setupbytheshuntmagnetandsupplyvoltage.Wehaveanotherserieselectromagnetonwhichcurrentcoiliswounded.Thiscurrent

coilisinserieswiththeloadsoloadcurrentwillflowthroughthis.Thefluxproducedbyseriesmagnetisproportionaltoandin

phasewiththeloadcurrent.Thedrivingsystemof3-phaseenergymetercomprisesoftheseelements.

Movingsystem:
Onaverticalspindleorshaftalightrotatingaluminiumdiscisattached.Withthehelpofageararrangementaluminumdiscis

attachedtotheclockmechanismonfrontsideofmeterwhichhelpstomeasuretheenergyconsumedbyload.

Eddycurrentsareinducedduetotimevaryingfluxproducedbyseriesandshuntmagnets.Adrivingtorqueissetupdueto

interactionbetweenthesetwomagneticfieldsandeddycurrents.

Therefore numberofrotationsofthediskis proportionaltotheenergyconsumedbytheloadinacertaintimeintervalandis

measuredinkilowatt-hours(Kwh).

Breakingsystem:
Todampaluminiumdiscwekeepasmallpermanentmagnetdiametricallyoppositetoboththeacmagnets(parallel,series).Nowthis

discmovesinthemagnetfieldcrossingairgap.Whenthishappenseddycurrentsareinducedinaluminiumdiscwhichinteractswith

themagneticfieldandproducesbreakingtorque.

Thespeedoftherotatingdisccanbecontrolledbychangingthepositionofthebrakemagnetordivertingsomeoftheflux. 

Countingsystem:
Ithasagearsystemtowhichpointerisattached.Thisisconnectedtoaluminiumdiscwhichdrivesthispointer.Thispointermoveson

thedialandgivesnumberoftimestheisdiscrotated.
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Thesecanbeseeninthediagramgivenbelow:

A3-phaseinductionmotorhassamefoursystemsbuttheyarearrangedinadifferentwayasshowninthefiguregivenbelow.

Thisisatwoelement3-phaseenergymeter.Onacommonspindletwodiscsaremountedandeachdischasitsownbreakmagnet.
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Movingsystem drivesagear Eachunitisprovidedwithitsowncoppershadingring,shadingband,frictioncompensator,etc.,to

makeadjustmentsforobtainingcorrectreading.

Thisgives constructionofa3phaseenergymeter.

Workingofthreephaseenergymeter:
Nowletusseehowa3phaseenergymeterworks.

Forsamepower/energythedrivingtorqueshouldbeequalinbothelements.Foradjustingtorqueinboththeelementswehavetwo

currentcoilsconnectedinphaseoppositionandtwopotentialcoilsconnectedinparallel.Fullloadcurrentpassesthroughcurrent

coilandthisarrangementcausestwotorquestobeinoppositionandthediscdoesn'tmoveiftorquesareequal.Magneticshuntis

adjustedifthereisinequalityintorquestomakethedisctostandstill.Beforetestinga3phaseenergymetertorquebalanceis

obtainedinthisway. 

       

         Aluminiumdiscsareacteduponbythetwocoilsoneisvoltagecoilandtheotheriscurrentcoil.Voltagecoilproduces

magneticfluxproportionaltovoltageandcurrentcoilproducesmagneticfluxproportionaltocurrent.Thevoltagecoilfieldlagsby

90degreesbyusingalagcoil.

           Duetothistwotorqueseddycurrentsareproducedinthealuminiumdiscsanddiscsrotateonacommonshaft.Force

exertedonthealuminiumdiscisproportionaltoproductofinstantaneouscurrentandvoltage.Tothisshaftageararrangementis

madeandaneedleisattachedtothisgearsowhendiscsrotatesthisneedlemovesondialandcountsthenumberofrotationsof

thedisc.

          Apermanentmagnetisusedtoproduceaforceinoppositionandproportionaltothespeedofdisc.Whenpoweris

switchedoffthisactsasbreakandmakesthedisctostoprotatinginsteadofrotatingfaster.Discrotatesataspeedproportionalto

powerconsumed.

Instantaneouspowercanbecalculatedbyusingbelowformula

Pi=(3600*N)/(T*R)

where

Pi=RealpowerbeingusedatthatpointintimeinkW 

T=Time(inseconds)forthedisctorotatethroughtheNrotationsorpartofarotation

N=TheNumberoffullrotationscounted. 

R=ThenumberofrevolutionsperKilowatthour(rev/kWh)ofthemeterbeingused. 
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Meritsanddemeritsofthreephaseenergymeters

Advantagesof3PhaseOverSinglePhaseSystem

Thethree-phasesystemhasthreeliveconductorswhichsupplythe440Vtothe
largeconsumers.Whilethesinglephasesystemhasoneliveconductorwhichis
usedfordomesticpurposes.Thefollowingarethemain advantagesof3Phase
system overSinglePhasesystem.

 HigherRating
Therating,i.e.theoutputofathree-phasemachineisnearly1.5timestherating(output)of
asinglephasemachineofthesamesize.

 ConstantPower
Insinglephasecircuits,thepowerdeliveredispulsating.Evenwhenthevoltageand
currentareinphase,thepoweriszerotwiceineachcycle.Whereas,inthepolyphase
system,thepowerdeliveredisalmostconstantwhentheloadsareinbalancedcondition.

 PowerTransmissionEconomics
Thethreephasesystemrequiresonly75%oftheweightofconductingmaterialofthat
requiredbysinglephasesystemtotransmitthesameamountofpoweroverafixed
distanceatagivenvoltage.

 Superiorityof3PhaseInductionMotors
ThethreePhaseinductionmotorshaveawidespreadfieldofapplicationsintheindustries
becauseofthefollowingadvantagesaregivenbelow.

1.Threephaseinductionmotorsare self-starting whereasthesinglephaseinduction
motorisnotself-starting.Thismeansthe1–phasemotorhasnostartingtorqueand
henceitneedssomeauxiliarymeanstostartattheinitialstage.

2.ThethreePhaseInductionmotorshave higherpowerfactor and efficiency than
thatofasinglephaseinductionmotor.

 SizeandWeightofalternator
The3PhaseAlternatorissmallinsizeandlightinweightascomparedtoasinglephase
alternator.

 RequirementofCopperandAluminium
3Phasesystemrequireslesscopperandaluminiumforthetransmissionsystemin
comparisontoasinglephasetransmissionsystem.
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 FrequencyofVibration
In3phasemotor,thefrequencyofvibrationsislessascomparedtosinglephasemotor
becauseinsinglephasethepowertransferredisafunctionofcurrentandvaries
constantly.

 Dependency
Asinglephaseloadcanbeefficientlyfedbya3phaseloadorsystem,but3phase
systemcannotdependorfeedbyasinglephasesystem.

 Torque
Auniformorconstanttorqueisproducedina3phasesystem,whereasinasinglephase
systempulsatingtorqueisproduced.

DisadvantagesofThreePhaseoverSinglePhaseare:

 GreatercostofstandbyUnits

 increasedcostandinconvenienceofrepairs.

 InSinglePhasetransformer(threeSinglePhaseTransformer)failureofonetransformer,theothertwo,SinglePhase
Transformerstillsupplythepower,whileitisnotpossibleincaseoffailingaThreePhaseTransformer.

4.1

WhataretheErrorsandtheirAdjustmentsin1Φenergymeter
ErrorsandtheirAdjustmentsin1Φenergymeter

Energymetersshouldgivecorrectreadingsoveraperiodofseveralyearsundernormaluse

conditions.Someofthecommonerrorsinenergymeterandtheirremedialmeasuresarediscussed

below.

1.       PhaseError: Itisnecessarythattheenergymetershouldgivecorrectreadingonallpowerfactors,

whichisonlypossiblewhenthefieldsetupbyshuntmagnetlagsbehindtheappliedvoltageby90o.

Butthefluxduetoshuntmagnetdoesnotlagbehindtheappliedvoltageexactlyby90o becauseof

windingresistanceandironlosses.

Adjustment: Thefluxintheshuntmagnetcanbemadetolagbehindthesupplyvoltagebyexactly

90o byadjustingthepositionofshadingband(orshadingringorshadingcoil)placedroundthe

lowerpartofthecontrollimboftheshuntmagnet.

This adjustmentis known as lag adjustment or power factor adjustment (or power factor

compensator).

2.       SpeedError: Sometimesthespeedofthemeteriseitherfastorslow,resultinginthewrong

recordingofenergyconsumption.

Adjustment: Anerrorinthespeedofthemeterwhentestedonnon-inductiveloadcanbeeliminated

bycorrectlyadjustingthepositionofthebrakemagnet.

Movementofthebrakemagnetinthedirectionofthespindlewillreducethebrakingtorqueandvice-versa.
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3.       FrictionCompensation(or)FrictionError: Frictionalforcesattherotorbearingsandinthecounting

(orregister)mechanism causenoticeableerrorespeciallyatlightloads.Atlightloads,thetorque

duetofrictionaddsconsiderablytothebrakingtorqueonthediscrotor.Since,frictiontorqueisnot

proportionaltothespeedbutisroughlyconstantitcancauseconsiderableerrorinmeterreading.

Adjustment: Thiserrorcanbereducedtoanunimportantlevelbymakingtherationoftheshunt

magnetfluxΦ2 andseriesmagnetfluxΦ1 largewiththehelpoftwoshadingrings(orshading

bonds).Thesebondsembracethefluxcontainedinthetwoouterlimboftheshuntmagnetandthus

eddycurrentsareinducedinthem whichcauseaphasedisplacementbetweentheenclosedflux

andthemaingapflux.Asaresult,asmalldrivingtorqueisexertedonthediscrotor,thistorque

beingadjustedbyvariationofthepositionsofthesebandstocompensateforfrictioninthe

instrument.Correctnessoffrictioncompensationisachievedbyrunningthemeterathighloadof

about8to10%offullloadwhenthediscshouldrotatecorrectly.Overcompensationleadstocreep.

Thisadjustmentisknownas lightloadadjustment.

4.       Creeping: Sometimesthediscoftheenergymetermakesslowbutcontinuousrotationatnoloadi.e.

whenthepotentialcoilisexcitedbutwithnocurrentflowingintheload.Thisiscalledcreeping.This

errormaybecausedduetoovercompensationforfriction,excessivesupplyvoltage,vibrations,

straymagneticfieldsetc.

Adjustment: inordertopreventthiscreepingonnoload,twoholesorslotsaredrilledinthediscon

oppositesidesofthespindle.Thiscausessufficientdistortionofthefield.Theresultisthatthe

disctendstoremainstationarywhenoneoftheholescomesunderoneoftheshuntmagnet.

5.       TemperatureError: Theerrorduetovariationintemperatureareverysmall,becausethevarious

effectsproducedtendtoneutraliseoneanother.

Theresistanceofthediscofthepotentialcoilandcharacteristicsofmagneticcircuitandthe

strengthofbreakmagnetareaffectedbythechangesintemperature.Therefore,greatcareis

exercisedinthedesignofthemetertoeliminatetheerrorsduetotemperaturevariations.

FrequencyVariations: Themeterisdesigned togiveminimum errorataparticularfrequency

(generally50Hz).Ifthesupplyfrequencychanges,thereactanceofthecoilsalsochanges,

resultinginasmallerror.Fortunately,thisisnotofmuchsignificancebecausecommercial

frequenciesareheldwithincloselimits.

VoltageVariations: Theerrorduetovariationvoltageisverysmall(usually0.2%to0.3%).Thiscanbe

eliminatedbytheproperdesignofthemagneticcircuitoftheshuntmagnet.

4.2
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Simplenumericalproblems

ElectricalMeasurementsQuestionsandAnswers–ErrorsinSinglePhaseEnergyMeters

ThissetofElectricalMeasurements&MeasuringInstrumentsMultipleChoiceQuestions&Answers(MCQs)focuseson“Errorsin

SinglePhaseEnergyMeters”.

1.Magnitudeoffluxinanenergymetervaries__________

a)duetoabnormalcurrentsandvoltages

b)duetohighresistanceandinductancevalues

c)duetochangeinthetransformerturns

d)duetotheinducede.m.finthewindings

ViewAnswer

Answer:a

Explanation:Inthedrivingsystem ofanenergymeter,magnitudeoffluxcanbeincorrectasaresultofabnormalvaluesofcurrentsand

voltages.Thisoccursduetochangeintheresistanceofthepressurecoilcircuit.

2.Phaseanglesinanenergymetercannotbeincorrect.

a)True

b)False

ViewAnswer

Answer:b

Explanation:Inanenergymeter,phaseangleerrorsoccurasaresultofimproperadjustmentsoflagcondition,abnormalfrequenciesetc,.Due

totemperature,changesinresistancevaluesalsoleadtoerrorinthephaseangle.

3.Energymetercreeps__________

a)duetochangeinsupply

b)duetoreversalinpolarityofvoltage

c)duetoasymmetryinmagneticcircuit

d)duetoturnsratiooftransformer

ViewAnswer

Answer:c

Explanation:Inanenergymeter,whenthemagneticcircuitisasymmetrical,adrivingtorqueisproduced.Asaresultofthisdrivingtorque,the

energymetercreeps.

4.Supplyvoltageinanenergymeteris__________

a)constantalways

b)zeroalways

c)dependsontheload

d)canfluctuate
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ViewAnswer

Answer:d

Explanation:Generallythesupplyvoltageisconstantinanenergymeter.Itcanfluctuateasaresultofunavoidablereasonsleadingtoerrorsin

thereadingoftheenergymeter.

5.Howisthefluxofshuntcoilrelatedtovoltage?

a)fluxisproportionaltosquareofvoltage

b)directlyproportional

c)inverselyproportional

d)independentofeachother

ViewAnswer

Answer:a

Explanation:Inanenergymeter,thesupplyvoltagemayfluctuateasaresultofunavoidablereasonsleadingtoerrorsinthereading.Supply

voltagecausestheshuntfluxtoinduceane.m.finthedisc.Thisisresultsinaselfbrakingtorqueproportionaltosquareofthevoltage.

6.Howcantemperatureeffectbecompensatedinanenergymeter?

a)throughheatsinks

b)byatemperatureshunt

c)byusingresistance

d)byusingacoolant

ViewAnswer

Answer:b

Explanation:Theresistanceofthecopperandaluminiumpartsinanenergymeterincreasewithanincreaseinthetemperature.Asaresultthe

discrotateswithaspeedthatishigherthanactual.Temperatureeffectscanbecompensatedbymakinguseofatemperatureshuntonthe

brakemagnet.

7.Discrotatesslowlyinsomeenergymeters.

a)True

b)False

ViewAnswer

Answer:a

Explanation:Evenwhenthereisnocurrentflowthroughtheenergymeter,discrotatesslowly.Thisisknownascreeping.Thisisoccursasa

resultoftheovercompensationprovidedforfriction.

advertisement

8.Creepingisavoidedby__________

a)reversingthepolarityofthevoltage

b)drillingtwodiametricallyoppositeholes

c)holdingthedisc

d)increasingthefriction
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ViewAnswer

Answer:b

Explanation:Inanenergymeter,creepingcausesthedisctorotateevenwhenthereisnocurrentflowing.Bydrillingtwodiametricallyopposite

holesundertheedgeofthepolesofashuntmagnet,rotationofthediscislimitedtoaminimumvalue.

9.Insomeenergymeters,creepingcanbeavoidedby__________

a)attachingsmallgoldpieces

b)attachingsmallaluminiumpieces

c)attachingsmallironpieces

d)attachingsmallzincpieces

ViewAnswer

Answer:c

Explanation:Byattachingsomeironpiecestotheedgeofthedisc,creepingcanbelimitedinsomeenergymeters.Forceofattractionthatis

experiencedbythebrakemagnetasaresultoftheironpieceisenoughtoeliminatethecreeping.

4.3

MaximumDemandIndicator

Definition: Themaximumdemandindicatormeasuresthemaximumamountof
powerrequiresbytheconsumerattheparticularintervaloftime.Theindicatoris
designedinsuchawaysothattheymeasurethebaseandpeakloadbutunableto
measuresthesuddenshort-circuitorstartinghighcurrentofthemotor.Itis
designedforrecordingthepoweroverparticularperiods.

Themaximumdemandindicatorsareclassifiedintofourtypes.

1. Recordingdemandindicator
2.Averagedemandindicator
3.Thermaltypemaximumdemandindicator
4.DigitalMaximumDemandIndicator

ConstructionofMaximumDemandIndicator

Themaximumdemandindicatorhasfivemainparts.

 DialConnectedtothemovingsystem
 Pointer
 ResetDevice
 Fractiondevice
 IndicatingPin
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AverageDemandIndicator

Theaveragedemandindicatorisinbuiltintothe energymeter.Theenergymeterand
averagedemandindicatortogethermeasuresthetotalpowerconsumesandthe
maximumvalueofspecificpoweratparticularintervaloftime.Theaverage
demandindicatorconsiststhecomplexspeeddialmechanism.

Thepindrivemovesthedialforwardforsmallduration(sayforhalfanhour).The
totalpowerconsumesatthatintervalisshownonthedial.Theinstrumentconsists
thecamwhichiscontrolledbythetiminggears.Thecambringsbackthepointerat
zeropositions.
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Thepointerrecordsthetotalpowerconsumesbytheloadatthatparticularinterval
oftime.Forthenexthalfanhour,thepinagainmovedforward.Butthepointerwill
moveforwardonlywhenthetotalpowerconsumedbytheloadismorethanthe
previousperiods.

Theformulacalculatestheaveragemaximumdemand,

ThemaximumdemandmetercanmeasurethepowerregardingkVarhorkVah.This
canbedonebyaddingthesuitablemeterwhichwillcalculatesuchquantities.

AdvantagesofAverageDemandIndicator

 Theaveragedemandindicatorhashighaccuracy.
 Theinstrumenthasuniformmeasuringscale.

DisadvantagesofMaximumDemandIndicator

 Thecostoftheinstrumentisveryhigh.
 Theirconstructionisverycomplicated.

Nowadays,thecamisreplacedbytheelectromagneticrelayand clutchthe
replacesthebell crankreleasing device.

4B

Digitalenergymeter
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DigitalEnergyMeter
By SamsonJebaKumar (ContributedContent)| Wednesday,November30,2011
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







Anelectricmeterorenergymeterisanessentialdevicethatgoeswithconsumptionofcommerciallydistributedenergy.

Anelectricmeterorenergymeterisanessentialdevicethatgoeswithconsumptionofcommerciallydistributedenergy.Itenablessystematic

pricingofenergyconsumedbyindividualconsumerasitmeasurestheamountofelectricalenergyconsumedbyaresidence,business,oran

electricallypowereddevice[1].Theyaretypicallycalibratedinbillingunits,themostcommononebeingtheKilowattshour,whichisequalto

theamountofenergyusedbyaloadofonekilowattoveraperiodofonehour,or3,600,000joules.

Somemetersmeasuredonlythelengthoftimeforwhichchargeflowed,withnomeasurementofthemagnitudeofvoltageorcurrent.These

wereonlysuitedforconstant-loadapplications.Neithertypeislikelytobeusedtoday.Inadditiontometeringbasedontheamountofenergy

used,othertypesofmeteringareavailable.Meterswhichmeasuredtheamountofcharge(coulombs)used,knownasampere-hourmeters,

wereusedintheearlydaysofelectrification.Theseweredependentuponthesupplyvoltageremainingconstantforaccuratemeasurementof

energyusage,whichwasnotalikelycircumstancewithmostsupplies.

Generally,electricitymetersoperatebycontinuouslymeasuringtheinstantaneousvoltage(volts)andcurrent(amperes)andfindingthe

productofthesetogiveinstantaneouselectricalpower(watts)whichisthenintegratedagainsttimetogiveenergyused(Joules,Kilowatt-

hoursetc.).Metersforsmallerservices(suchassmallresidentialcustomers)canbeconnecteddirectlyin-linebetweensourceandcustomer.

Forlargerloads,morethanabout200ampsofload,currenttransformersareused,sothatthemetercanbelocatedotherthaninlinewiththe

serviceconductors[2].Themetersfallintotwobasiccategories,electromechanicalandelectronic.Thispaperdwellsontheelectronicmeter(i.e.

thedigitalmeter)

Anexampleofatraditionalelectromechanicalmeterisshowninfigure1.Ithasaspinningdiscandamechanicalcounterdisplay.Thistypeof
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meteroperatesbycountingtherevolutionsofametaldiscthatrotatesataspeedproportionaltothepowerdrawnthroughthemainfusebox.

Nearbycoilsspinthediscbyinducingeddycurrentsandaforceproportionaltotheinstantaneouscurrentandvoltage.Apermanentmagnet

exertsadampingforceonthedisc,stoppingitsspinafterpowerhasbeenremoved.Thisclassofmetershasanumberoflimitationsthathas

madeitgrosslyirrelevantforuseinsmartenergyinitiativeenvironmentwhichincludebutnotlimitedtoitsdegreeofaccuracy.

TherearemanymethodsoferrorcorrectionindigitalelectricitymeterswhichareusuallybasedontheknownmethodsofA/Dconverterserror

correction,[5].Mostofthesemethodsusesoftwarecorrectionbasedoncalibrationprocess.Whileindigitalelectricitymeter,percentageerror

couldbeaslowas0.01%,inanaloguemetersitisusuallyabove0.05%.

Secondly,theorientationproblemassociatedwithelectromechanicalenergymeteriscompletelyanonissueinadigitalenergymeter.Hence

installationismadeeasier.Thirdly,theuserfriendlydisplayinthedigitalmetersmakesenergyreadingfromtimetotimeveryeasy.Thefourth

andthemostserioussetbackoftheelectromechanicalenergymeterisitsno-interfacecapabilitytoexternaldevices.Thisverysetbackisvery

seriousinsmartgridtechnologyapplication.

Electronicmetersmeasureenergyusinghighlyintegratedcomponentsorothercustomizedintegratedcircuits.Thesedevicesdigitizethe

instantaneousvoltageandcurrentviaahigh-resolutionsigma-deltaADC.Computingtheproductofthevoltageandcurrentgivesthe

instantaneouspowerinwatts.Integrationovertimegivesenergyused,whichisusuallymeasuredinkilowatthours(kWh).Thedesigntechnique

fordigitalmetersisinfluencedbythreemajorfactorsnamely;desireddevicecost,efficiencyandoverallsize.Whilethecostisinfluencedby

users’generalaffordability,theefficiencyandsizemuststrictlycomplywithstandard.

Theblockdiagramforadigitalmeter.Here,twobasicsensorsareemployed.Thesearevoltageandcurrentsensors.Thevoltagesensorbuilt

aroundastepdownelementandpotentialdividernetworksensesboththephasevoltageandloadvoltage.Thesecondsensorisacurrent

sensor;thissensesthecurrentdrawnbytheloadatanypointintime.Itisbuiltaroundacurrenttransformerandotheractivedevices(such

asvoltagecomparator)whichconvertthesensedcurrenttovoltageforprocessing.Theoutputfrombothsensorsisthenfedintoasignal(or

voltage)conditionerwhichensuresmatchedvoltageorsignalleveltothecontrolcircuit,italsocontainasignalmultiplexerwhichenable

sequentialswitchingofbothsignaltotheanalogueinputoftheperipheralinterfacecontroller(PIC).ThecontrolcircuitcenteredonaPIC

integratedcircuit.ThePICisselectedbecauseitcontaintenbitanaloguetodigitalconverter(ADC),veryflexibletoprogramandgoodfor

peripheralinterfacing.
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TheADCconvertstheanaloguesignalstoitsdigitalequivalent;bothsignalsfromthevoltageandcurrentsensorsarethenmultipliedbythe

meansofembeddedsoftwareinthePIC.Heretheerrorcorrectionistakenastheoffsetcorrectionbydeterminingthevalueoftheinputquality

withshort-circuitedinputandstoringthisvalueinthememoryforuseasthecorrectionvaluedevicecalibration.ThePICisprogrammedinC

language.Suchthatapartfromthemultipliercircuititsimulates,itisabletousethereceiveddatatocalculatepowerconsumptionperhour,

aswellastheexpectedcharges.Thesearedisplayedontheliquidcrystaldisplayattachedtothecircuit.

5.

Miscellaneousmeasuringinstruments

ConstructionworkingprincipleandapplicationofMegger

WhatisMegger:ConstructionandItsWorking
Principle

 ELECTRONICS

0COMMENT

Deviceswhichdirectlyutilizeelectricalenergytoprovidedesiredorexpectedoutputoraresultisknownas

Electricaldevices.Duringtheprocessofutilizationofelectricalenergy,i,e,thenegativelychargedparticles
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whichareelectronsnotonlyflow from oneendtoanotherendinacurrent-carryingconductorbutalso

changesitsstatefrom oneform toanotherlikeheattogainexpectedresults.Therearemanyelectrical

components and devices like a transformer,circuitbreaker, transistors,resistors, electric motor,and

refrigerators,gasfireplace,electricwaterheatertank,etc.Inanyelectricalsystem,theremaybelossesbased

onthematerialofmetalused(LossesαDegradedOutput).Thereforelossesshouldbemaintainedless.Inorder

toprotecttheseelectricalsystemsfrom losses,therearecertainparametersthataretobemaintainedand

alsocertaininstrumentsareusedtokeeptrackoftheelectricalsystemstosafeguardthem.Thisarticle

discusseswhatisameggeranditsworking.

WhatisMegger?

AninstrumentthatisusedtomeasureinsulationresistanceisaMegger.Itisalsoknownasmeg-ohm-meter.It

isusedinseveralareaslikemulti-meters,transformers,electricalwiring,Etc.Meggerdeviceisusedsincethe

1920sfortestingvariouselectricaldeviceswhichcanmeasuregreaterthan1000meg-ohms.

InsulationResistance

Insulationresistanceisresistanceinohmsofwires,cables,andelectricalequipment,whichisusedto

safeguardtheelectricalsystemslikeelectricalmotorsfrom anyaccidentaldamageslikeelectricalshocksor

suddendischargesofcurrentleakagesinwires.

PrincipleofMegger

TheprincipleofMeggerisbasedonmovingcoilintheinstrument.Whencurrentisflowinginaconductor,

whichisplacedinamagneticfield,itexperiencesatorque.

WherevectoredForce=strengthanddirectionofthecurrentandmagneticfield.

Case(i)Resistanceofinsulation=High;  pointerofmovingcoil=infinity,

Case(ii)Resistanceofinsulation=Low;  pointerofmovingcoil=zero.

ItisthecomparisonbetweenInsulationresistanceandtheknownvalueofresistance. Itprovidesthehighest

accuracyinmeasurementthanotherelectricalmeasuringinstruments.

ConstructionofMegger

Meggerisusedtomeasureahighvalueofresistance.Meggerconsistsofthefollowingparts.

 DCgenerator

 2Coils(CoilA,CoilB)

 Clutch

 Crankhandle

 terminalX&Y
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BlockDiagramofMegger

 Crankhandlepresenthereisrotatedmanually,andtheclutchisusedtovarythespeed.Thisarrangement
placedbetweenmagnets,wheretheentireset-upiscalleda DCgenerator.

 AResistancescaleispresenttowardstheleftoftheDCgenerator,whichprovidesthevalueofresistance
rangingfrom0toinfinity.

 TherearetwocoilsinthecircuitCoil-AandCoil-B, whichareconnectedtotheDCgenerator.

ThetwotestingterminalsXandYwhichcanbeconnectedinthefollowingmanner

 Tocalculatetheresistanceofthewindingofthe transformer,thenthetransformerisconnectedbetweenthe
twotestingterminalsXandY.

 Ifwewanttomeasuretheinsulationofthecable,thenthecableisconnectedbetweenthetwotesting
terminalsAandB.

WorkingofMegger

Meggerhereisusedtomeasure

 Insulationresistance

 Machinewindings

Accordingtotheprincipleof DCgenerator,wheneveracurrent-carryingconductorisplacedbetweenthe

magnetfields,itinducesacertainamountofvoltage.Themagneticfieldgeneratedbetweenthetwopolesof

thepermanentmagnetisusedtorotatetherotoroftheDCgeneratorusingthecrankhandle.

WheneverwerotatethisDCrotor,somevoltageandcurrentaregenerated.ThiscurrentflowsthroughtheCoilA

andCoilBinananti-clockwisedirection.
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WherecoilAcarriescurrent=IA and

CoilBcarriescurrent=IB.

Thesetwocurrentproducesfluxes A and B intwocoilsAandB.

 Ononesidemotorrequirestwofluxestointeractandproducereflectingtorque,thentheonlymotorruns.

 Whereasontheothersidethetwoflux’s A and B whichareinteractedwitheachotherandthenthepointer
whichispresentedwillexperiencesomeforcebytheproductionofdeflectingtorque“Td”,wherethepointer
showstheresistancevalueonthescale.

Pointer

 Thepointeronthescaleinitiallyindicatesinfinityvalue,

 Whereeveritexperiencesatorque,thepointermovesfrominfinitypositiontozeropositionontheresistance
scale.

 WhytheInstrumentInitiallyshowsinfinityandFinallymovestowardszero?

AccordingtoOhm’slaw

R=V/I;     ——–(2)

Ifthecurrentismaximumintheinstrument,resistanceiszero,

Rα1/I;      ——–(3)

Ifthecurrentinminimumintheinstrument,resistanceismaximum.

Rα1/I↓ŃŃŃŃŃŃííí(4)

Whichmeans,resistanceandcurrentareinverselyproportional

Rα1/I;       ———-5

Ifwerotatethecrankhandleataparticularspeed.This,inturn,leadstotheproductionofvoltageinthisrotor,

andthehighvalueofcurrentalsoflowsinanti-clockwise,throughthetwocoilsAandB.

WherethisflowofcurrentleadstothegenerationofdeflectingtorquelikeTd inthecircuit.Hencethepointer

variestheresistancerangesfrominfinitytozero.

 WhyPointerisInitiallyatInfinity?

Duetothenon-rotationofthecrankhandle,hencethereInorotationintheDCmotor.

(E)Emfofrotor=0,               ——–(6)

CurrentI=0                       ——– (7)

Thetwoflux’s A and B =0.       ——– (8)

DeflectingtorqueTd =0.           ——– (9)

Thereforethepointerisatrest(infinity).

Weknowthat

           Rα1/I;                     ——–(10)

SinceI=0,itmeanswegetahighvalueofresistancewhichisinfinity.

PracticalApplicationConditionofACandDCMotor
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 A DCmotor consistsof4terminalsoutofwhich2arerotorwindingandtheremaining2arestatorwinding.
Outofwhich2rotorwindingsareconnectedtoXterminal(+ve)andtheremainingtwoareconnectedtoY
terminal(-ve).Ifwemovethecrankhandle,deflectingtorqueisproducedwhichindicatesaresistancevalue.

 AnACmotorconsistsof6terminalsoutofwhich3arerotorwindingandtheremaining3forstatorwinding.
Outofwhich3rotorwindingsareconnectedtoXterminal(+ve)andtheremainingtwoareconnectedtoY
terminal(-ve).IfwemovetheCrankhandle,deflectingtorqueisproducedwhichindicatesaresistancevalue.

InbothACandDCmotor

Case(i): IfR=infinity,thereisnointerconnectionbetweenthewinding,whichisknownasanopencircuit.

Case(ii): IfR=infinity,thereisaninterconnectionbetweenthewinding,whichisknownasashortcircuit.Itis

themostdangerouscondition;hencewehavetodisconnectthesupply.

Types ofMeggers

types-of-megger

 

 

 

 

    

 Components

 

 AnalogDisplay,

 HandCrank,

  WireTerminals.

 

 DigitalDisplay,

 WireLeads,

 SelectionSwitches,

 Indicators.

 

 

 

  Advantages

 

 No,ExternalPowersourceisrequiredto
operate,

 Lowcost

 

 

 Easytohandle,

 Safe

 Lesstimeconsumption.

 

 

 

 

Disadvantages

 

 

 Timeconsumptionishigh

 Accuracyisnothigh

 comparedtoElectronictype

 

 

 TheexternalPowersourceis
requiredtooperate,

  Theinitialcostishigh.

 

 

MeggerforInsulationResistanceTest/IRTest

Letusconsiderawire,whichcontainsconductingmaterialatthecenterandinsulatingmaterialsurroundingit.
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Usingthiswirewetesttheinsulation-resistancetestwiththehelpofmegger.

Why InsulationResistanceTesttobePerformed?

Awirecontainsconductingmaterialatthecenter&insulatingmaterialatthesurroundingofit.Forinstance,if

thewirehasthecapacityof6Amps,therewillbenodamageifweprovide6Ampsofinputcurrent.Incaseif

weprovideinputgreaterthan6Ampsthenthewirewillgetdamaged,andcannotbeusedfurther.

internal-wire

UnitsofInsulation=MegaOhm’s

MeasurementoftheHighResistanceValue

ThedevicewhichisusedformeasuringisMegger.Tomeasuretheinsulationofthewire,oneendofthewire

terminalisconnectedtoapositiveterminalandtheendisconnectedtothegroundterminalormegger.When

thecrankhandleisrotatedmanually,whichinducesemfintheinstrumentwherethepointerdeflectsindicating

theresistancevalue.
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Megger-Construction

ApplicationsofMegger
 Theelectricalresistanceofinsulatorcanalsobemeasured

 Electricalsystemsandcomponentscanbetested

 Windinginstallation.

 Testingofbattery,relay,groundconnection…etc

Advantages
 PermanentmagnetDCgenerator

 Theresistancebetweentherangeszerotoinfinitycanbemeasured.

Disadvantages
 Therewillbeanerrorinreadingvaluewhentheexternalresourcehaslowbattery,

 Errorduetosensitivity

 Errorduetoachangeintemperature.

Megger isanelectricalinstrumentusedtodeterminetherangeofresistancesbetweenzerotoinfinity.Initially,

thepointerisattheinfiniteposition,itgetsdeflectedwhenanemfisgeneratedfrom infinitytozero,which

dependsonOhm’slaw.Therearetwotypesofmeggers,manualandelectricalmegger.Themainconceptof

meggeristomeasureinsulationresistanceandmachinewindings.Hereisaquestion,whichconditionleadsto

adangeroussituationinmeggeroperation,andwhatisdonetoovercome,stateitwithanexample?



INTERNATIONALINSTITUTEOFTECHNOLOGY&MANAGEMENT,MURTHALSONEPAT
E-NOTES,Subject:ElectricalMeasuringinstrumentsAndInstrumentation.

Course:Diploma,Branch:EE,Sem-4th ,Unit-1-10(Complete)
(PreparedBy:Mr.RaviRanjan,AssistantProfessor,EE)

Frequencymeter

AnalogFrequencyMeterWorkingPrinciple
LeaveaComment / Electricalmeasuringinstruments

Hifriends,inthisarticle,Iamdiscussingabout analogfrequencymeterworkingprinciple andhopeyou

willfinditinformativeandhelpful.

 

Theactionofmovingiron analogfrequencymeter dependsonthevariationincurrentdrawnbytwo

parallelcircuits–oneinductiveandtheothernon-inductive–whenthefrequencychanges.

 

Constructionofmovingironanalogfrequencymeter

 
TheconstructionandinternalconnectionsareshowninFigure.ThetwocoilsAandBaresofittedthattheir
magneticaxesareperpendiculartoeachother.Attheircenters,alongandthinsoft-ironpointerispivoted,
whichalignsitselfalongtheresultantmagneticfieldofthetwocoils.No controllingtorque isprovidedinthis
instrument.
 
ItwillbenotedthatthevariouscircuitelementsconstituteaWheatstonebridgewhichbecomesbalancedatthe
supplyfrequency.CoilAhasaresistanceRA inserieswithitandacoilLA inparallel.Similarly,RB isinseries
withcoilBandLB isinparallel.
 
TheseriesinductanceLhelpstosuppresshigherharmonicsinthecurrentwaveform andhence,tendsto
minimizethewaveformerrorsintheindicationoftheinstrument.
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Analogfrequencymeterworkingprinciple

 
Whentheinstrumentisconnectedtothesupply,currentspassthroughcoilsAandBandproduceopposing
torques.Whensupplyfrequencyishigh,currentsthroughcoilAismorewhereasthatthroughcoilBislessdue
totheincreaseinthe reactance offeredbyLB.
 
Hence,themagneticfieldofcoilAisstrongerthanthatofcoilB.Consequently,theironneedleliesmorenearly
tothemagneticaxisofcoilAthanthatofB.
 
Forlow frequencies,coilBdrawsmorecurrentthancoilAand,hence,theneedleliesmorenearlyparallelto
themagneticaxisofBthantothatofcoilA.
 
Thevariationsoffrequencyarefollowedbythepointerasexplainedabove.
 
Theinstrumentcanbedesignedtoindicateabroadornarrow rangeof frequencies determinedbythe
parametersofthecircuit.

SINGLEPHASEPOWERFACTORMETER

PowerFactorMeter
LeaveaComment / Electricalmeasuringinstruments

Thepowerfactor ofacircuitcanbefoundoutfromthewattmeterreadingandvoltmeterandammeterreadings
suitablyconnectedinthecircuit.
 
Powerfactor=Wattmeterreading/(Voltmeterreadingxammeterreading).
 
Powerfactor=TruePower/ApparentPower
 
Thismethodinvolvesmathematicalcalculations.Sometimesitisrequiredtomeasurethe powerfactor ofthe
circuitinstantaneouslywhenthepowerfactoroftheloadisvaryingcontinuously.
 
Thispurposeisservedbyconnectingadynamometertypepowerfactormeterinthecircuit.Itindicatesthe
powerfactorofthecircuitdirectlyonthescalebythedeflectionofapointer.

PowerFactorMeterWorkingPrinciple

Thebasic workingprincipleofpowerfactormeter issimilartothatof dynamometertypewattmeter i.e.when
thefieldproducedbymovingsystemtriestocomeinlinewiththefieldproducedbythefixedcoil,deflecting
torqueisexertedonthemovingsystemwhichdeflectsthepointerattachedtoit(themovingsystem).

ConstructionofaPowerFactorMeter

Adynamometertypepowerfactormeterconsistsoftwofixedcoils FF connectedinseriescarryingtheload
current(oradefinitefractionofit)formingthecurrentcircuit,andtwoidenticalmovingcoils A and B fixedat
thenearlyrightangletoeachotherpivotedonthesamespindleformingthepressurecircuitasshowninthe
figure.
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Thecurrentcoils FF arewoundwiththickwirewhereaspressurecoils A and B arewoundwithfinewire.The
pressurecoilsfixedonthesamespindle,towhichapointerisattached,constitutesthemovingsystem.
 
Thepressurecoil A isconnectedacrossthesupplythroughanon-inductiveresistantandpressurecoil B is
connectedacrossthesupplythroughhighlyinductivechokecoilofinductance L.Thevalueofresistance R and
inductance L aresochosenthatforthemainsupplyfrequency,thecurrentinthetwopressurecoils A and B is
thesame.
 
Thusthefieldsproducedbythetwocoilsareofthesamestrength.Thefieldproducedbythecoil B lags
behindthefieldproducedbythecoil A slightlylessthan90°becauseofresistanceofthecoil.Accordingly
whilefixingthecoil B theplaneofthiscoilisdisplacedfrom theplaneofthecoilAbytheelectricalangle
whichisslightlylessthan90°.
 
Howeverwhilediscussingtheaction(working)oftheinstrumentitwillbeassumedthatthephasedifference
betweenthetwocurrentsflowingthroughthecoilsAandBis90°andsameistheanglebetweentheplanesof
thecoils.
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Though powerfactormeteris an indicating instrumentbutno controlling torque is provided in this
instrument. Thecurrentsarebeingledintothemovingcoils A and B byfineligamentswhichexertnocontrol.

PowerFactorMeterWorking

Sincenocontrollingtorqueisprovidedinthisinstrument,therefore,whenitisnotconnectedinthecircuit,the
movingcoilswillremaininthepositioninwhichtheseareturned.Thiswillonlyhappenwhenthemoving
systemisperfectlybalanced.
 
Whentheinstrumentisconnectedtotheloadcircuit,currentflowsthroughthefixedcoils FF andMoving
coils A and B,fluxissetbythefixedcoilsandmovingcoils.

 

Bythealignmentoftwofields,torquedevelopsi.e.theresultantfieldproducedbythemovingcoilstries

tocomeinlinewiththefieldproducedbythefixedcoilsandtorquedevelopstillbothofthemcomein

linewitheachother.Therearethreeextremeconditionsinwhichthisinstrumentisconnectedinthecircuit.

1. When powerfactor ofthecircuitisunity:Inthiscase,currentisinphasewithcircuitvoltage.The
currentflowingthroughpotentialcoil A isinphasewiththevoltagewhichisalsoinphasewith
thecurrentflowingthroughcurrentcoil FF.
 
Atthesametime,thecurrentflowingthroughpotentialcoilBlagsbehindvoltageaswellasthe
currentflowingthroughcurrentcoil FF by90o.Thuspressurecoil A willexperienceaturning
momentsoitsplanewillcomeinpositionaparalleltotheplaneofthecurrentcoil FF.Thetorque
actingonthepressurecoil B iszero.Thus,thepointerindicatesunity powerfactor onthescale.
 

2. Whenpowerfactorofthecircuitiszerolagging:Inthiscase,currentlagsbehindthecircuit
voltageby90°.Therefore,thecurrentflowingthroughpressurecoil B willbeinphasewiththe
currentincurrentcoils FF,bothbeinglaggingbehindthecircuitvoltageby90°.
 
Thecurrentflowingthroughpressurecoil A willleadthecurrentincurrentcoil FF by90°.Thusa
turningmomentactsonthepressurecoil B andbringsitsplaneparalleltotheplaneofcurrent
coil FF andpointerindicateszeropowerfactorlagging.
 

3. Whenpowerfactorofthecircuitiszeroleading:Inthiscasecurrentleadsthecircuitvoltageby
90o.Therefore,thecurrentflowingthroughpressurecoil A lagsthecurrentincurrentcoilFFby
90°andthecurrentflowingthroughpressurecoil B lagsthecurrentincurrentcoilFFby180°.
 
Thusfieldproducedbythemovingsystem isjustreversedtothatinthecase(2).Thusan
oppositeturningmomentactsonthepressurecoil B andbringsitsplaneparalleltotheplaneof
currentcoil FF andpointerindicateszeropowerfactorleading.

Forintermediatepowerfactorsthemovingsystemofpowerfactormetertakesupintermediatepositionsand
thepointerindicatesthepowerfactoraccordingly.

Workingprincipleofsynchroscope
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SynchroscopeConstructionandWorking
January9,2019 by admin

Synchroscopeisusedtosynchronizetwoalternators. Synchronize meansthatthemachineofequalfrequencyand
voltageareoperatingparalleltoeachother.Weconnectthealternatorinparallelwithoneanotherwithbusbarto
shoretheload.Inelectricalpowersystem,asynchroscopeisadevicewhichindicatesthedegreetowhichtwo
systemsaresynchronizedwitheachother.

SynchroscopeSynchronization
The Synchroscope determinestheexactinstantwheretheconditionofsynchronizingissatisfies.Theseconditionsare:

1. Thealternatorsshouldhaveequalmagnitudeofvoltage.
2. Theyshouldhavesamefrequency.
3. Theyshouldhavesamephasesequence.Thefunctionofthisinstrumentistoindicateanydifferencein

phaseorinfrequency.Thephasesequencehoweverisverifiedbya“phasesequenceindicator”.Wecan
checkthevoltagewiththehelpoftwovoltmeter.

TypesofSynchroscopes

The synchroscopes arethespecialformofpowerfactormetersandareoftypes

 Electrodynamictypesynchroscopes.

 Movingirontypesynchroscopes.

ELECTRODYNAMIC(ORWESTONTYPE)SYNCHROSCPE

Construction

Itconsistsofathreelimbtransformerandanelectrodynamicinstrument.Thewindingononeouterlimbisconnected
withthebusbarsandthewindingonotherouterlimbisconnectedwiththeincomingalternator.Thewindingonthe
centrallimbofthetransformerisconnectedtoalamp.

Thewindingsortheouterlimbsproducetwofluxes.Twofluxesflowsthroughthecentrallimb,wheretheresultant
fluxisobtainedwhichisthephasorsumofthetwofluxes.Thisresultantfluxinducesanemfinthecentrallimit
winding.
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Electrodynamicsynchroscope

Theouterwindingsaresoarrangedthatwhenthevoltagesofthebusbarandoftheincomingalternatorareinlimit
areaddedupandinducedemfinthecentrallimitismaximumasaresult,thelampglowswithmaximumbrightness.

Working
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Whenthetwovoltagesare180degreeoutofphase.Thentheresultantfluxiszeroandnoemfinducedinthecentral
limbwinding.Thusthelampdoesnotglowatall.

Ifthefrequencyoftheincomingalternatorisdifferentfromthesupplyfrequencyofthebusbars,thelampwill
flickerandthefrequencyoftheflickeringisequaltothedifferenceofthetwofrequencies.

Buttheflickeringofthelampcannotindicatewhethertheincomingalternatorisfastorslow.Forthispurposean
electrodynamicinstrumentisprovidedwiththearrangementasshowninfigure.

CoilArrangementofWestonTypeSynchroscope

Theelectrodynamicinstrumentconsistsof2fixedcoilsFFandamovingcoilM.ThefixedcoilsFFcarryasmall
currentandconnectedacrossanytwobusbarsthroughsresistanceR.ThemovingcoilMconnectedacrossthe
incomingalternatorthroughacapacitorC.Themovingcoilcarriesapointerwhichmovesonascaleshowing
fast/slow(F/S).

DialofSynchroscope

Figureshowsthedialofelectrodynamicsynchroscope.Dialofthesynchroscopemarkwithtwoarrowswhich
indicatesthedirectionofrotationofthepointer.Thisarrowindicatestheanticlockwiseandclockwisedirectionof
pointer.Theanticlockwiseshowfastmovementandclockwiseshowsslowmovementofincomingmachine.

Iftheincomingmachine’sfrequencyismorethanthatofgeneratorfrequency,thepointerdeflectstowardfastmark
andvice-versa.Thecorrectinstantofsynchronizingisthatwherethepointerisvisibleatitscentralpositionandis
movingveryslowly.

MOVINGIRONSYNCHRONOSCOPE

Construction

Itconsistsofafixedcoilintwoparts.ThefixedcoilsFFaredesignedforasmallcurrentandareconnectedacross
twophasesofthebusbars.TherearetwoironcylindersC1andC2.Twoironcylindersaremountedonaspindleand
areseparatedbyspacers.Eachcylinderisprovidedwithtwoironvaneswhoseaxesare180apart.
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ThecylindersareexcitedbytwopressurecoilsP1andP2.Theseareconnectedtotwophasesoftheincoming
alternator.OnepressureFcoilhasaresistanceRandotherhasaninductanceLconnectedinseries.Itestablishesa
90phasedifferencebetweentheircurrents.Thepointerattachedwiththespindlemovesoveradialmarkedfastand
slow.

WorkingofMovingIronSynchroscope

Whenthefrequencyoftheincomingalternatorissameasthatofthebusbars.Theninstrumentbehavesasamoving
ironP.Fmeter.Themovementofthepointerisequaltothephasedifferencebetweenthetwovoltages.Thepointer
doesnotdeflectatall.Ifthereisnophasedifferencebetweenthetwovoltages.

MovingIrontypesynchroscope

Whenthetwofrequenciesaredifferent.Thenthepointermovesataspeedcorrespondingtothedifferenceinthe
frequencies.Thedirectionofmotionofthepointershowswhetherthealternatoris“fast”or“slow”.Whenthepointeris
atzero,thesynchronizingswitchisclosesautomatically.

TheM.I.synchronoscopearemorecommoninuse.Theyarecheaperandhavelongscalespreadover360.
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Conclusion

So,theconclusionisthatsynchroscopeisahelpfuldeviceforsynchronizationoftwoalternators.

Workingprincipleofphasesequenceindicator

Itworksontheprincipleofinductionmotors.Theprincipleofrotatingtypephasesequenceindicatorissimilartothatofa
threephasemotor.Considertheworkingofamotorforabetterunderstandingoftheseindicators.Forthreephasemotors,
werequirethreephasepowersupply,whereasthisthreephasepowermustbesuppliedinaparticularsequence.Letus
assumethatthethreephasesupplygiventothemotorhasaphasesequenceofRYB,thenthemotorwillrotateinclockwise
direction–and,ifthephasesequenceofsupplyisreversed,thenthemotorwillrotateincounterclockwisedirection.This
maycausesevereproblemstotheloadandentiresystem.

Whenathreephasesupplyisgiventothecoils,thenthecoilswillproducearotatingmagneticfield,andthisrotating
magneticfieldproduceseddyEMFintherotatablealuminumdisc,asshowninthediagram.

ThiseddyEMFproduceseddycurrentonthealuminum disc,duetotheinteractionoftheeddycurrentswiththerotating
magneticfieldatorqueisproducedwhichcausesthealuminum disctorotate.Theclockwisedirectionrotationofthedisc
indicatesthesequenceasRYB,andtheanti-clockwiserotationofthediscindicatesthechangeinphasesequence.

StaticTypePhaseSequenceIndicator

StaticTypePhaseSequenceIndicatorwithinductor

IfthephasesequenceisRYB,thenthelampBwillglowbrighterthanthelampA,and–ifphasesequenceisreversed–then
thelampAwillglowbrighterthanthelampB,asshownbelowinthelamparrangementcircuitdiagram.

Now,letusseehowthishappens

AssumethatthephasesequenceisRYB,andconsiderthevoltagesasVry,Vyb,Vbrasaccordingtothediagram,andwehave

Vry=V

Vyb=V(-0.5-j0.866)
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Vbr=V(-0.5+j0.866)

Here,assumingabalancedoperationsuchthatwehaveVry=Vbr=Vyb=V.Weknowthatthealgebraicsumofallphase
currentsisequal,thenwecangetthebelowequation.

Ir+Iy+Ib=0

Fromtheaboveequations,wegettheratioofIrandIyas0.27.

ItindicatesthatthevoltageatthelampAisonly27percentofthelampB.So,fromthis,
wecanobservethatthelampBwillglowbrighterthanthelampAincaseofanRYBphasesequence.Whileincaseofa
reversedphasesequence,thelampAisbrighterthanthelampB.

Similarly,fromtheabovecircuitbyreplacingtheinductorwithacapacitor,asshowninthebelowfigure,theindicatorworks
similartotheabovephaseindicator.

HeretworesistorsareconnectedinserieswiththetwoNeonlampstoprotectthelampsfromovercurrentandbreakdown
voltages.IfthethreephasesupplyisinthesequenceofRYB,thenthelampAwillbeON,andthelampBwillbeoff,andif
thesupplysequenceisreversed,thenthelampAwillbeoffwhilethelampBwillbeon.

Workingprincipleoftongtester

Tongtesterorclamp meterbasicallyworksontheprincipleofmutualinductance.Thesameprincipleonwhicha
transformerworks.Thecliporclampormovingpartofmeterhasamagnetinitwhichactasamagneticcoreasin
transformer.Overwhichthereisacoilwounded,whichactsasasecondarycoil.Theconductorhereworksasaprimarycoil
andtheclampcoilasasecondarycoil.Thecurrentflowingthroughanyconductoralwayshasanelectromagneticfield
aroundit.Clampmeterusesthismagneticfieldtoreadthecurrentvalue.Whentheconductorisplacedinsidetheclampits
magneticfieldcutsthecoreofmagnetinclip/clamp.Thisinducesanemfinmagneticcoreproportionaltothecurrent
flowingintheconductor,whichissensedbysecondarycolioveritinmeter.Hencemeterreadsthecurrentvalueflowing
throughit.
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5.2

Constructionworkingandapplicationoftransformers

ElectricalTransformer-Basicconstruction,workingandtypes

Electricaltransformer isastatic electricalmachine whichtransformselectricalpowerfromonecircuittoanothercircuit,

withoutchangingthefrequency.Transformercanincreaseordecreasethevoltagewithcorrespondingdecreaseorincreasein

current.

Workingprincipleoftransformer

 The basicprinciplebehindworkingofatransformer isthephenomenonofmutualinductionbetweentwowindingslinkedby

commonmagneticflux.Thefigureatrightshowsthesimplestformofatransformer.Basicallyatransformerconsistsoftwo

inductivecoils;primarywindingandsecondarywinding.Thecoilsareelectricallyseparatedbutmagneticallylinkedtoeach

other.When,primarywindingisconnectedtoasourceofalternatingvoltage,alternating magneticfluxisproducedaround
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thewinding.Thecoreprovidesmagneticpathfortheflux,togetlinkedwiththesecondarywinding.Mostofthefluxgets

linkedwiththesecondarywindingwhichiscalledas'usefulflux'ormain'flux',andthefluxwhichdoesnotgetlinkedwith

secondarywindingiscalledas'leakageflux'. Asthefluxproducedisalternating(thedirectionofitiscontinuously

changing),EMFgetsinducedinthesecondarywindingaccordingto Faraday'slawofelectromagneticinduction.Thisemfis

called'mutuallyinducedemf',andthefrequencyofmutuallyinducedemfissameasthatofsuppliedemf.Ifthesecondary

windingisclosedcircuit,thenmutuallyinducedcurrentflowsthroughit,andhencetheelectricalenergyistransferredfrom

onecircuit(primary)toanothercircuit(secondary).

Basicconstructionoftransformer

Basicallyatransformerconsistsoftwoinductivewindingsandalaminatedsteelcore.Thecoilsareinsulatedfromeach

otheraswellasfromthesteelcore.Atransformermayalsoconsistofacontainerforwindingandcoreassembly(calledas

tank),suitablebushingstotakeourtheterminals,oilconservatortoprovideoilinthetransformertankforcoolingpurposes
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etc.Thefigureatleftillustratesthebasicconstructionofatransformer.

 Inalltypesoftransformers,coreisconstructedbyassembling(stacking)laminated

sheetsofsteel,withminimumair-gapbetweenthem(toachievecontinuousmagneticpath).Thesteelusedishavinghigh

siliconcontentandsometimesheattreated,toprovidehighpermeabilityandlowhysteresisloss.Laminatedsheetsofsteel

areusedtoreduceeddycurrentloss.ThesheetsarecutintheshapeasE,IandL.Toavoidhighreluctanceatjoints,

laminationsarestackedbyalternatingthesidesofjoint.Thatis,ifjointsoffirstsheetassemblyareatfrontface,thejoints

offollowingassemblearekeptatbackface.

Typesoftransformers

Transformerscanbeclassifiedondifferentbasis,liketypesofconstruction,typesofcoolingetc.

(A)Onthebasisofconstruction,transformerscanbeclassifiedintotwotypesas;(i)

Coretypetransformerand(ii)Shelltypetransformer,whicharedescribedbelow.
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(i)Coretypetransformer

Incoretypetransformer,windingsarecylindricalformerwound,mountedon thecorelimbsasshowninthefigureabove.

Thecylindricalcoilshavedifferentlayersandeachlayerisinsulatedfromeachother.Materialslikepaper,clothormicacan

beusedforinsulation.Lowvoltagewindingsareplacednearertothecore,astheyareeasiertoinsulate.

(ii)Shelltypetransformer

Thecoilsareformerwoundandmountedinlayersstackedwithinsulationbetweenthem.Ashelltypetransformermayhave

simplerectangularform(asshowninabovefig),or itmayhaveadistributedform.

(B)Onthebasisoftheirpurpose

1. Stepuptransformer:Voltageincreases(withsubsequentdecreaseincurrent)atsecondary.

2. Stepdowntransformer:Voltagedecreases(withsubsequentincreaseincurrent)atsecondary.

(C)Onthebasisoftypeofsupply

1. Singlephasetransformer

2. Threephasetransformer
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(D)Onthebasisoftheiruse

1. Powertransformer:Usedin transmissionnetwork,highrating

2. Distributiontransformer:Usedin distributionnetwork,comparativelylowerratingthanthatofpowertransformers.

3. Instrumenttransformer:Usedinrelayandprotectionpurposeindifferentinstrumentsinindustries

  Currenttransformer(CT)

 Potentialtransformer(PT)

(E)Onthebasisofcoolingemployed

1. Oil-filledselfcooledtype

2. Oil-filledwatercooledtype

3. Airblasttype(aircooled)

6ELECTRONICINSTRUMENTS

6.1

 CRO(CathodeRayOscilloscope)Workingand
Applications
The CROstandsforacathoderayoscilloscope.Itistypicallydividedintofoursectionswhicharedisplay,

verticalcontrollers,horizontalcontrollers,andTriggers.Mostoftheoscilloscopesareusedtheprobesandthey

areusedfortheinputofanyinstrument.Wecananalyzethewaveformbyplottingamplitudealongwiththex-

axisandy-axis.TheapplicationsofCRO’smainlyinvolveintheradio,TVreceivers,alsoinlaboratorywork

involvingresearchanddesign.Inmodernelectronics,theCROplaysan importantroleintheelectroniccircuits.

WhatisaCRO?

The cathoderayoscilloscopeisanelectronictestinstrument,itisusedtoobtainwaveformswhenthedifferent

inputsignalsaregiven.Intheearlydays,itiscalledasanOscillograph.Theoscilloscopeobservesthechanges

intheelectricalsignalsovertime,thusthevoltageandtimedescribeashapeanditiscontinuouslygraphed

besideascale.Byseeingthewaveform,wecananalyzesomepropertieslikeamplitude,frequency,risetime,

distortion,timeintervalandetc.
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CathodeRayOscilloscope

BlockDiagramofCRO

Thefollowing blockdiagramshowsthegeneralpurposeCROcontraction.TheCROrecruitthecathoderaytube

andactsasaheatoftheoscilloscope.Inanoscilloscope,theCRTproducestheelectronbeam whichis

acceleratedtoahighvelocityandbringstothefocalpointonafluorescentscreen.Thus,thescreenproducesa

visiblespotwheretheelectronbeam strikeswithit.Bydetectingthebeam abovethescreeninreplytothe

electricalsignal,theelectronscanactasanelectricalpenciloflightwhichproducesalightwhereitstrikes.

BlockDiagramofCRO

Tocompletethistaskweneedvariouselectricalsignalsandvoltages.Thisprovides thepowersupplycircuit of

theoscilloscope.Herewewillusehighvoltageandlowvoltage.Thelowvoltageisusedfortheheaterofthe

electronguntogeneratetheelectronbeam.Thehighvoltageisrequiredforthecathoderaytubetospeedup

thebeam.Thenormalvoltagesupplyisnecessaryforothercontrolunitsoftheoscilloscope.

Thehorizontalandverticalplatesareplacedbetweentheelectrongunandthescreen,thusitcandetectthe

beam accordingtotheinputsignal.Justbeforedetectingtheelectronbeam onthescreeninthehorizontal

directionwhichisinX-axisaconstanttime-dependentrate,atimebasegeneratorisgivenbytheoscillator.The
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signalsarepassedfrom theverticaldeflectionplatethroughtheverticalamplifier.Thus,itcanamplifythe

signaltoalevelwillbeprovidedthedeflectionoftheelectronbeam.

Iftheelectronbeam isdetectedintheX-axisandtheY-axisatriggercircuitisgivenforthesynchronizing

thesetwotypesdetections.Hencethehorizontaldeflectionstartsatthesamepointoftheinputsignal.

WorkingofCRO

Thefollowingcircuitdiagram showsthe basiccircuitofacathoderayoscilloscope.Inthis,wewilldiscuss

importantpartsoftheoscilloscope.

Workingof

CRO

VerticalDeflectionSystem

Themainfunctionofthisamplifieristoamplifytheweaksignalsothattheamplifiedsignalcanproducethe

desiredsignal.Toexaminetheinputsignalsarepenetratedtotheverticaldeflectionplatesthroughtheinput

attenuatorandnumberofamplifierstages.

HorizontalDeflectionSystem

Theverticalandhorizontalsystemconsistsofhorizontalamplifierstoamplifytheweakinputsignals,butitis

differenttotheverticaldeflectionsystem.Thehorizontaldeflectionplatesarepenetratedbyasweepvoltage

thatgivesatimebase.Byseeingthecircuitdiagram thesawtoothsweep generatoristriggeredbythe

synchronizingamplifierwhilethesweepselectorswitchesintheinternalposition.Sothetriggersawtooth

generatorgivestheinputtothehorizontalamplifierbyfollowingthemechanism.Herewewilldiscussthefour

typesofsweeps.
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RecurrentSweep

Asthename,itselfsaysthatthesawtoothisrespectivethatisanewsweepisstartedimmodestlyattheend

oftheprevioussweep.

TriggeredSweep

Sometimesthewaveform shouldbeobservedthatitmaynotbepredicted,thusthedesiredthatthesweep

circuitremainsinoperativeandthesweepshouldbeinitiatedbythewaveformundertheexamination.Inthese

cases,wewillusethetriggeredsweep.

DrivenSweep

Ingeneral,thedrivesweepisusedwhenthesweepisafreerunningbutitisatriggeredbythesignalunder

thetest.

Non-SawToothSweep

Thissweepisusedtofindthedifferencebetweenthetwovoltages.Byusingthenon-sawtoothsweepwecan

comparethefrequencyoftheinputvoltages.

Synchronization

Thesynchronizationisdonetoproducethestationarypattern.Thesynchronizationisbetweenthesweepand

thesignalshould measure.Therearesomesourcesofsynchronizationwhichcanbeselected bythe

synchronizationselector.Whicharediscussedbelow.

Internal

Inthisthesignalismeasuredbytheverticalamplifierandthetriggerisabstainedbythesignal.

External

Intheexternaltrigger,theexternaltriggershouldbepresent.

Line

Thelinetriggerisproducedbythepowersupply.

IntensityModulation

Thismodulationisproduced byinsertingthesignalbetweentheground and cathode.This modulation

causes bybrighteningthedisplay.
PositioningControl

By applyingthesmallindependentinternaldirectvoltagesourcetothedetectingplatesthroughthe

potentiometerthepositioncanbecontrolledandalsowecancontrolthepositionofthesignal.

IntensityControl

Theintensityhasadifferencebychangingthegridpotentialwithrespecttothecathode.

ApplicationsofCRO

 Voltagemeasurement

 Currentmeasurement

 Examinationofwaveform
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 Measurementofphaseandfrequency

UsesofCRO

Inlaboratory,theCROcanbeusedas

 Itcandisplaydifferenttypesofwaveforms

 Itcanmeasureshorttimeinterval

 Involtmeter,itcanmeasurepotentialdifference

6.2

BLOCKDIAGRAMANDAPPLICATIONSOFDIGITALMULTIMETER

BlockdiagramofDigitalmultimeter
Indigitalmultimeter,wecanincorporatemanytypesofmeterslikeohmmeter,ammeter,avoltmeterforthe
measurementofelectricalparameters.Itsblockdiagram is shownbelow inthefigure.Letushavealookatits
workingandspecificationonebyone.
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Functions
Usingatypicalmultimeter,wecanmeasure:

 Voltageinalternatingcurrent(AC)anddirectcurrent(DC)circuits

 Currentinalternatingcurrent(AC)anddirectcurrent(DC)circuits

 Resistanceoftheentirecircuitoracrossindividualcircuitcomponents

Somedigitalmultimeterscantestresistanceupto50ohmswithonemilliohm(0.001ohm)resolution.Otherscanbeusedtotestadiodeor
measuretransistorgain.Thereareevenmultimetersthatcanrecordminimumandmaximumvaluesandsavethedatathroughwirelessinternet.

Specialtymultimetersareusedtomeasure:

 Capacitanceofacapacitor

 Frequencyoftheincomingsignal

 Temperature

7

LCRMETERSANDAPPLICATIONS
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LCRMeterWorkingPrincipleandUses

AnLCRmeterisusedtomeasuretheimpedanceofacircuitoradevice.ThisScienceStruckarticleexplainstheuses,types,and

someparametersrelatedtoLCRmeters.

TheLCRmeteralsomeasuresDorQ.Dstandsforthedissipationfactor.Itisgivenbydividingtherealpartoftheimpedancebythe

imaginarypartoftheimpedance(whichisthereactance).Qstandsforthequalityfactor.ItistheinverseofD.

AnLCRmeterisusedtomeasuretheinductance,capacitanceandresistanceofacircuit.Hence,thenameLCRmeter.

Whenthereisachangeinthecurrentflowingthroughaconductor,acorrespondingchangeisinducedinthevoltageinitandin

conductorssurroundingit.Thispropertyisknownasinductance.Theabilityofabodyoraconductortostoreelectricalchargeis

knownascapacitance.Theoppositionthataconductorofferstothepassageofelectriccurrentthroughitiscalledresistance.

WorkingPrinciple

WepassanACvoltagethroughaDUT(DeviceUnderTest).NowtheLCRmeterisusedtomeasurethevoltageandthecurrent

acrosstheDUT.Themagnitudeoftheimpedancecanbecalculatedfrom theratioofthesetwoquantities.

UsesofanLCRMeter

AdigitalLCRmeterisusedtomeasuretheimpedanceflowingthroughaDeviceUnderTest(DUT).Itmeasuresthevoltage(V)

acrossit,thecurrent(I)flowingthroughit,andthephaseanglebetweencurrentandvoltage.Subsequently,wecandetermineallthe

impedanceparametersfrom thesethreefactors.

Thus,anLCRmetermeasuresthefollowingparametersrelatedtoacircuit:

 inductance

 capacitance

 resistance
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 dissipationfactor

 qualityfactor

 current

 voltage

 phaseanglebetweenthecurrentandvoltage

 conductance

 susceptance

WhatisImpedance?

Impedanceistheoppositionthatacircuitofferstotheflowofdirectoralternatingcurrentthroughit.Itisavectorquantity

composedof2scalars:resistanceandreactance.Reactanceisthenamegiventotheoppositionbyanelectroniccomponenttothe

flowofalternatingcurrentduetocapacitanceandinductance.

TypesofLCRMeters

1.HandheldLCRmeters:

Asthenamesuggests,theseLCRmetersaresmallinsizeandcanbeheldinthehand;theyarelightweightandalsoportable.They

haveamultipletestfrequency,andthedataitcapturescanbetransferredtoaPCviaaUSBport.Theyaregenerallyusedinfield

operations.Theyofferanaccuracyintherangeof0.2%to0.1%.ThetestfrequencyofahandheldLCRmetervariesfrom 100Hz,

120Hz,1kHz,10kHz,and100kHz.

2.BenchtopLCRmeters:

Theyarebulkyinsize.Theycanbeoperatedonprogrammablefrequencies.Theyofferanaccuracyof0.01%.Theycanbe

controlledviaacomputer.Testfrequenciesareabove100kHz.

SomeTermsYouShouldKnow

TestFrequency

LCRmetersoperatewithinthefrequencyrangefrom 10Hzto2Mhz.TheDUTisusedunderitsownfrequency.LCRmetershaveto

matchthefrequencyoftheirmeasurementtothefrequencythattheDUTistunedto.

TestVoltage

AparticularvoltageisappliedtotheDUT.TheACoutputvoltageofanLCRmeterhastomatchit.

Accuracy

Iftheaccuracyofyourmeasurementishigh,ittakesmoretimetorecordthatmeasurementfortheLCRmeter.Accuracyis

hamperedifthemeasurementisrecordedinashorttime.MostLCRmetersprovide3speedsformeasurement:slow,medium,and

fast.Youhavetomakeachoicebetweenspeedandaccuracy.
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SomeTechniquesUsedwithLCRmeters

BridgeMethod

Thismethodisemployedformeasuringfrequenciesbelow100kHz.TheDUTisplacedinaWheatstoneBridge.ZD istheDUT.

ZB andZC areknownimpedances.ImpedanceofZA isvarieduntilnocurrentflowsthroughZD.

Thus,thefourimpedancesobeytheequation:

ZD / ZA =  ZC / ZB

ZD =  ( ZC / ZB) ZA

Thisway,wecanfindtheimpedanceoftheDUT.

LCRMeasurementbyCurrent-VoltageTechnique

Inthistechnique,theLCRmeasurementofacomponentisdonebymeasuringthecurrentandvoltage.Thentheimpedancevalues
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arefoundoutfrom thesetwoquantities.

Therearedifferentarrangementsforlowimpedanceandhighimpedancecircuits,whichareasfollows:
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BothanaloganddigitalLCRmetersareavailable.Whileanalogtestersarecheaper,thedigitalvarietyscoresonqualityasitismore

accurate.

8POWERMEASURES3PHASECIRCUITBY

A.TWOWATTMETERMETHODWITHBALANCEDANUNBALANCEDCIRCUITS

TwoWattmeterMethod–BalancedLoadCondition

The TwoWattmeterMethod isexplained,takinganexampleofabalancedload.In
this,wehavetoprovethatthepowermeasuredbytheTwoWattmeteri.e.thesum
ofthetwowattmeterreadingsisequaltoroot3timesofthephasevoltageandline
voltage(√3VLIL Cos)whichistheactualpowerconsumedina3phasebalanced
load.
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Theconnectiondiagramofa3phasebalancedloadconnectedasStarConnection
isshownbelow.

Contents:

 DeterminationofPowerFactorfromWattmeterReadings
 DeterminationofReactivePowerbyTwoWattmeterMethod

Theloadisconsideredasaninductiveload,andthus,thephasordiagramofthe
inductiveloadisdrawnbelow.
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ThethreevoltagesVRN,VYN and
VBN,aredisplacedbyanangleof120degreeselectricalasshowninthephasor
diagram.Thephasecurrentlagbehindtheirrespectivephasevoltagesbyanangle
.

Now,thecurrentflowingthroughthecurrentcoiloftheWattmeter,W1 willbegiven
as

PotentialdifferenceacrossthepressureorpotentialcoiloftheWattmeter,W1 will
be

ToobtainthevalueofVYB,reversethephasorVBN andaddittothephasorVYN as
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showninthephasordiagramabove.ThephasedifferencebetweenVRB andIR is(30⁰
– )

Therefore,thepowermeasuredbytheWattmeter,W1 is

CurrentthroughthecurrentcoiloftheWattmeter,W2 isgivenas

PotentialdifferenceacrosstheWattmeter,W2 is

ThephasedifferenceVYB andIY is(30⁰+ ).

Therefore,thepowermeasuredbytheWattmeter,W2 isgivenbytheequationshown
below.

Since,theloadisinbalancedcondition,hence,

Therefore,thewattmeterreadingswillbe
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Now,thesumoftwoWattmeterreadingswillbegivenas

Theaboveequation(1)givesthetotalpowerabsorbedbya3phasebalancedload.

Thus,thesumofthereadingsofthetwoWattmetersisequaltothepower
absorbedina3phasebalancedload.

DeterminationofPowerFactorfromWattmeterReadings

Asweknowthat,
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Now,

Dividingequation(3)byequation(2)weget,

Powerfactoroftheloadisgivenas

DeterminationofReactivePowerbyTwoWattmeterMethod

Togetthereactivepower,multiplyequation(3)by√3.

Therefore,theReactivePowerisgivenbytheequationshownbelow.
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8

B.

MeasurementofThreePhasePower:ThreeWattmeterMethod

Powermeasurement inanACcircuitismeasuredwiththehelpofaWattmeter.A
Wattmeterisaninstrumentwhichconsistsoftwocoilscalled Current
coil and Potentialcoil. Thecurrentcoilhavinglowresistanceisconnectedinseries
withtheloadsothatitcarriestheloadcurrent.Thepotentialcoilhavingthe
resistanceisconnectedacrosstheloadandcarriesthecurrentproportionaltothe
potentialdifference.

Formeasuringthepowerina3phaseorPolyPhasesystem,morethanone
wattmeterisrequired,ormorethanonereadingsaremadebyonewattmeter.If
morethanonewattmeterisconnectedforthemeasurement,theprocessbecomes
convenientandeasytoworkwithinsteadoftakingvariousreadingswithone
wattmeter.Thenumberofwattmetersrequiredtomeasurepowerinagiven
polyphasesystemisdeterminedbyBlondel’sTheorem.

AccordingtoBlondel’stheorem –WhenpowerissuppliedbytheKwireACsystem,
thenumberofwattmetersrequiredtomeasurepowerisonelessthanthenumber
ofwirei.e.(K-I),regardlesstheloadisbalancedorunbalanced.

Hence,Threewattmetersarerequiredtomeasurepowerinthreephase,fourwire
system,whereas,onlytwowattmetersarerequiredtomeasurethepowerin3
phase,3wiresystem.Hereinthisarticle,aThreewattmetermethodofpower
measurementisdiscussed.

Three-WattmeterMethodofThreePhasePowerMeasurement

ThreeWattmetermethodisemployedtomeasurepowerina3phase,4wire
system.However,thismethodcanalsobeemployedina3phase,3wiredelta
connectedload,wherepowerconsumedbyeachloadisrequiredtobedetermined
separately.

TheconnectionsforstarconnectedloadsformeasuringpowerbyThreewattmeter
methodisshownbelow.



INTERNATIONALINSTITUTEOFTECHNOLOGY&MANAGEMENT,MURTHALSONEPAT
E-NOTES,Subject:ElectricalMeasuringinstrumentsAndInstrumentation.

Course:Diploma,Branch:EE,Sem-4th ,Unit-1-10(Complete)
(PreparedBy:Mr.RaviRanjan,AssistantProfessor,EE)

Thepressure
coilofalltheThreewattmetersnamelyW1,W2 andW3 areconnectedtoacommon
terminalknownastheneutralpoint.Theproductofthephasecurrentandline
voltagerepresentsasphasepowerandisrecordedbyindividualwattmeter.

ThetotalpowerinaThreewattmetermethodofpowermeasurementisgivenbythe
algebraicsumofthereadingsofThreewattmeters.i.e.

Where,

W1 =V1I1

W2 =V2I2

W3 =V3I3

Exceptfor3phase,4wireunbalancedload,3phasepowercanbemeasuredby
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usingonlyTwoWattmeterMethod.

9.TRANSDUCERS

INTRODUCTION

WhatisaTransducer?

Atransducer isanelectricaldevicethatisusedtoconvertoneform ofenergyintoanotherform.Ingeneral,

thesedevicesdealwithdifferenttypesofenergiessuchasmechanical, electricalenergy,lightenergy,chemical

energy,thermalenergy,acousticenergy,electromagneticenergy,andsoon.

Transducer

Forinstance,consideramicweuseindailylifeintelephones,mobilephones,thatconvertsthesoundinto

electricalsignalsandthenamplifiesitintothepreferredrange. Then,alterstheelectricalsignalsintoaudio

signalsattheo/poftheloudspeaker.Nowadays,fluorescentbulbsareusedforlighting,changestheelectrical

energyintolightenergy.

Thebestexamplesofthetransduceraremic,fluorescentbulbandspeakercanbeconsideredasatransducer.

Likewise,therearedifferentkindsoftransducersusedin electricalandelectronicprojects.

TransducerTypesandItsApplications

Therearea variety oftransducertypes likepressuretransducer,piezoelectric transducer,ultrasonic

transducer,temperaturetransducer,andsoon. Letusdiscusstheuseofdifferenttypesoftransducersin

practicalapplications.
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TransducerTypes

Sometransducertypeslikeactivetransducerandpassivetransducersarebasedonwhetherapowersourceis

requiredornot.

Activetransducerdoesn’trequireanypowersourcefortheiroperations.Thesetransducersworkonthe

principleofenergyconversion.Theygenerateanelectricalsignalthatisproportionaltothei/p.Thebest

exampleofthistransduceristhermocouple.Whereaspassivetransducerrequiresanexternalpowersourcefor

theiroperation.Theygenerateano/pintheformofcapacitance,resistance.Thenthathastobeconvertedtoan

equivalentvoltageorcurrentsignal.Thebestexampleofapassivetransducerisaphotocell.

PiezoelectricTransducer

Apiezoelectrictransducerisaspecialkindofsensor,andthemainfunctionofthistransduceristoconvert

mechanicalenergy intoelectricalenergy.Inthesameway,electricalenergy canbetransformed into

mechanicalenergy.
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PiezoelectricTransducer

PiezoelectricTransducerApplications

 Thistransducerismainlyusedtodetectthesticksdrummer’simpactonelectronicdrum pads.Andalso
usedtodetectthemovementofthemuscle,whichcanbenamedasacceleromyography.

 Theloadoftheenginecanbedeterminedbycalculatingdiverseabsolutepressure,thatcanbedoneby
usingthesetransducersastheMAPsensorinfuelinjectionsystems.

 Thissensorcanbeusedasaknocksensorinautomotiveenginemanagementsystemsfornoticingknockof
theengine.

PressureTransducer

Apressuretransducerisaspecialkindofsensorthataltersthepressureforcedintoelectricalsignals.These

transducersarealsocalledaspressureindicators,manometers,piezometers,transmitters,and pressure

sensors.
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PressureTransducer

ApplicationofPressureTransducer

Thepressuretransducerisusedtomeasurethepressureofthespecificquantitylikegasorliquidbychanging

thepressureintoelectricalenergy.Thedifferentkindsofthesetransducerslikeanamplified voltage

transducer,strain-gagebasepressuretransducer,millivolt(mv)pressuretransducer,4-20mA pressure

transducer,andpressuretransducer.

Theapplicationsofpressuretransducermainlyinvolveinaltitudesensing,pressuresensing,levelordepth

sensing,flowsensingandleaktesting.Thesetransducerscanbeusedforgeneratinganelectricalpowerunder

thespeedbreakersonthehighwaysorroadswheretheforceofthevehiclescanbeconvertedintoelectrical

energy.

TemperatureTransducer

Temperaturetransducerisanelectricaldevicethatisusedtoconvertthetemperatureofadeviceintoanother

quantitylikeelectricalenergyorpressureormechanicalenergy,thenthequantitywillbesenttothe control

deviceforcontrollingthetemperature ofthedevice.
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TemperatureTransducer

ApplicationofTemperatureTransducer

Temperaturetransducerisusedtomeasurethetemperatureoftheairsuchthattocontrolthetemperature

of severalcontrolsystems likeair-conditioning,heating,ventilation,andsoon.
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Arduinobasedautomaticfan

speedregulatorcontrollingoftemperatureBlockDiagram

Letusconsiderapracticalexampleofatemperaturetransducerthatisusedtocontrolthetemperatureofany

devicebasedonthenecessityfordifferentindustrialapplications.AnArduinobasedautomaticfanspeed

regulatorcontrollingoftemperatureandexhibitingameasureoftemperatureonan LCDdisplay.

Intheproposedsystem, ICLM35 isusedasatemperaturetransducer.An Arduinoboard isusedtocontrolthe

variousfunctionsthatinclude analogtodigitalconversion andanLCDdisplaythatisconnectedintheabove

fig.
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PracticalApplicationof

TemperatureTransducerbyEdgefxkits.com

ThetemperaturecanbefixedbyusingsettingslikeINCandDECforincreasinganddecreasing.Basedonthe

temperaturemeasuredapulsewidthmodulationo/pwillbegeneratedbytheprogramofanArduinoboard.

Theoutputofthisisusedto controltheDCfan throughthemotordriverIC.

UltrasonicTransducer

Themainfunctionoftheultrasoundtransduceristoconvertelectricalsignalstoultrasoundwaves.This

transducercanalsobecalledascapacitiveorpiezoelectrictransducers.
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UltrasonicTransducer

ApplicationofUltrasonicTransducer

Thistransducercanbeusedtomeasurethedistanceofthesoundbasedonreflection.Thismeasurementis

basedonasuitablemethodcomparedtothestraightmethodswhichusedifferentmeasuringscales.Theareas

whicharehardtofind,suchaspressureareas,veryhightemperature,usingconventionalmethodsthe

measurementofthedistanceisnotasimpletask.So,thistransducer-basedmeasuringsystemcanbeusedin

thiskindofzone.
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ApplicationofUltrasonicTransducer

ProjectskitbyEdgefxkits.com

Theproposed system uses 8051microcontrollers,powersupplies,anultrasonictransducermodulethat

includesoftransmitterandreceiver,LCDdisplayblocksareusedwhichareshownintheaboveblockdiagram.

Here,ifanyobstacleoranyobjectisfoundthatisdetectedbyultrasonictransducerthenittransmitsthe

wavesandgetsreflectedbackfrom theobjectandthesewavesarereceivedbythetransducer.Thetime

consumedbythe transducerfortransmitting &receivingthewavescanbenotedbyconsideringthevelocityof

sound.Then,basedonthesoundvelocityandapre-programmedmicrocontrollerisperformedsuchthatthe

distanceismeasuredanddisplayedonanLCDdisplay.Here,thedisplayisinterfacedwithamicrocontroller.

Theultrasonictransducerproduces40kHzfrequencywaves.

TransducerCharacteristics

Thecharacteristicsofatransduceraregivenbelowthataredeterminedbyexaminingtheo/presponseofa

transducertoavarietyofi/psignals.Testconditionscreatedefiniteoperatingconditionsascloselyas

possible.Themethodsofcomputationalandstandardstatisticalcanbeappliedtothetestdata.

 Accuracy

 Precision

 Resolution

 Sensitivity

 Drift

 Linearity

 Conformance

 Span

 Hysteresis

 Distortion
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 Noise

10MEASUREMENTOFTEMPERATURE

Differenttypesofthermometer

Whatarethedifferenttypesofthermometer?

Theincreasingimportanceofthethermometerinthediagnosisofpatientshasledtomanynewtypesofthermometerbeinginventedtoaid

withtheeaseoftakingtemperatures.Thisisachievedbycreatingthermometerswhichconcentrateondifferentpartsofthebody,withsome

moreeffectivethanothers.

Theseinclude–

Digitalthermometers

Digitalthermometers areregardedasthefastestandmostaccuratetypeofthermometer.Readingsaretakenfromunderthetongue,fromthe

rectumorunderthearmpit.Theyareeasilyfoundinlocalpharmaciesandcanbeusedathomeorinthehospital.

Electronicearthermometers

Theseuseinfraredtechnologytogettheirtemperaturereading. Electronicearthermometersarelessaccurateasifthereistoomuchwaxinthe

earitcangiveanincorrectreading.Despitebeingexpensive,theyarealoteasiertouseonbabiesandyoungchildren,asitcanbehardtoget

childrentositstillforlongenoughwhileusingdigitalthermometers.

Foreheadthermometers

Thesethermometersalsoreadheatusinginfrared,andareplacedonthetemporalartery.Foreheadthermometersarealsonotasreliableas

digitalthermometers

Plasticstripthermometers

Thesethermometerscandetectthepresenceofafeverinapatient,however,theydonotgiveanexacttemperaturereading.Theysimplyact

asanindicationthatsomethingmightbewrong.Tousethem,youjustplacethestripontheforehead.

Pacifierthermometer

Thesethermometersareusedpredominantlyinbabiesolderthanthreemonths.Theyrequirethebabytobestillforacoupleofminutesand

thiscanbeastruggle.Thismeansthatsometimesthetemperaturecanbeinaccurate.

Glassandmercurythermometers

Thesethermometersaretheoldschoolwaytotakeatemperature.Younormallywouldplaceitunderyourtongueandwatchthemercuryrise.

Onceitstops,thatwouldbeyourtemperature.Unfortunately,duetotheriskofmercurypoisoning,thismeansoftakingatemperatureisnota

goodideaandyouare highlyrecommended toconsultwithahealthcarebodytodiscardanyyoumighthave.
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WhatisaThermocouple?

AThermocoupleisasensorusedtomeasuretemperature.Thermocouplesconsistoftwowirelegsmadefromdifferentmetals.Thewireslegsareweldedtogetherat

oneend,creatingajunction.Thisjunctioniswherethetemperatureismeasured.Whenthejunctionexperiencesachangeintemperature,avoltageiscreated.The

voltagecanthenbeinterpretedusingthermocouple referencetables tocalculatethetemperature.

Therearemanytypesofthermocouples,eachwithitsownuniquecharacteristicsintermsoftemperaturerange,durability,vibrationresistance,chemicalresistance,

andapplicationcompatibility.TypeJ,K,T,&Eare“BaseMetal”thermocouples,themostcommontypesofthermocouples.TypeR,S,andBthermocouplesare“Noble

Metal”thermocouples,whichareusedinhightemperatureapplications(seethermocouple temperatureranges fordetails).

Thermocouplesareusedinmanyindustrial,scientific,andOEMapplications.Theycanbe

foundinnearlyallindustrialmarkets:PowerGeneration,Oil/Gas,Pharmaceutical,BioTech,Cement,Paper&Pulp,etc.Thermocouplesarealsousedineveryday

applianceslikestoves,furnaces,andtoasters.

Thermocouplesaretypicallyselectedbecauseoftheirlowcost,hightemperaturelimits,widetemperatureranges,anddurablenature.

TypesofThermocouples:
Beforediscussingthevarioustypesofthermocouples,itshouldbenotedthatathermocoupleisoftenenclosedinaprotectivesheathtoisolateitfromthelocal

atmosphere.Thisprotectivesheathdrasticallyreducestheeffectsofcorrosion.

1
TypeKThermocouple (Nickel-Chromium/Nickel-Alumel): ThetypeKisthemostcommontypeofthermocouple.It’sinexpensive,accurate,reliable,andhasawide

temperaturerange.

 Thermocouplegradewire,–454to2,300F(–270to1260C)

 Extensionwire,32to392F(0to200C)

Accuracy(whicheverisgreater):

 Standard:+/-2.2Cor+/-.75%

 SpecialLimitsofError:+/-1.1Cor0.4%

2

TypeJThermocouple (Iron/Constantan): ThetypeJisalsoverycommon.Ithasasmallertemperaturerangeandashorterlifespanathighertemperaturesthanthe

TypeK.ItisequivalenttotheTypeKintermsofexpenseandreliability.

TemperatureRange:
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 Thermocouplegradewire,-346to1,400F(-210to760C)

 Extensionwire,32to392F(0to200C)

Accuracy(whicheverisgreater):

 Standard:+/-2.2Cor+/-.75%

 SpecialLimitsofError:+/-1.1Cor0.4%

3

TypeTThermocouple (Copper/Constantan): TheTypeTisaverystablethermocoupleandisoftenusedinextremelylowtemperatureapplicationssuchascryogenics

orultralowfreezers.

TemperatureRange:

 Thermocouplegradewire,-454to700F(-270to370C)

 Extensionwire,32to392F(0to200C)

Accuracy(whicheverisgreater):

 Standard:+/-1.0Cor+/-.75%

 SpecialLimitsofError:+/-0.5Cor0.4%

4

TypeEThermocouple (Nickel-Chromium/Constantan): TheTypeEhasastrongersignal&higheraccuracythantheTypeKorTypeJatmoderatetemperaturerangesof

1,000Fandlower.Seetemperaturechart(linked)fordetails.

TemperatureRange:

 Thermocouplegradewire,-454to1600F(-270to870C)

 Extensionwire,32to392F(0to200C)

Accuracy(whicheverisgreater):
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 Standard:+/-1.7Cor+/-0.5%

 SpecialLimitsofError:+/-1.0Cor0.4%

5

TypeNThermocouple (Nicrosil/Nisil): TheTypeNsharesthesameaccuracyandtemperaturelimitsastheTypeK.ThetypeNisslightlymoreexpensive.

TemperatureRange:

 Thermocouplegradewire,-454to2300F(-270to392C)

 Extensionwire,32to392F(0to200C)

Accuracy(whicheverisgreater):

 Standard:+/-2.2Cor+/-.75%

 SpecialLimitsofError:+/-1.1Cor0.4%

NOBLEMETALTHERMOCOUPLES(TypeS,R,&B):
NobleMetalThermocouplesareselectedfortheirabilitytowithstandextremelyhightemperatureswhilemaintainingtheiraccuracyandlifespan.Theyare
considerablymoreexpensivethanBaseMetalThermocouples.

6

TypeSThermocouple (PlatinumRhodium-10%/Platinum): TheTypeSisusedinveryhightemperatureapplications.ItiscommonlyfoundintheBioTechand

Pharmaceuticalindustries.Itissometimesusedinlowertemperatureapplicationsbecauseofitshighaccuracyandstability.

TemperatureRange:

 Thermocouplegradewire,-58to2700F(-50to1480C)

 Extensionwire,32to392F(0to200C)

Accuracy(whicheverisgreater):

 Standard:+/-1.5Cor+/-.25%

 SpecialLimitsofError:+/-0.6Cor0.1%
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7

TypeRThermocouple (PlatinumRhodium-13%/Platinum): TheTypeRisusedinveryhightemperatureapplications.IthasahigherpercentageofRhodiumthanthe

TypeS,whichmakesitmoreexpensive.TheTypeRisverysimilartotheTypeSintermsofperformance.Itissometimesusedinlowertemperatureapplications

becauseofitshighaccuracyandstability.

TemperatureRange:

 Thermocouplegradewire,-58to2700F(-50to1480C)

 Extensionwire,32to392F(0to200C)

Accuracy(whicheverisgreater):

 Standard:+/-1.5Cor+/-.25%

 SpecialLimitsofError:+/-0.6Cor0.1%

8

TypeBThermocouple (PlatinumRhodium–30%/PlatinumRhodium–6%): TheTypeBthermocoupleisusedinextremelyhightemperatureapplications.Ithasthe

highesttemperaturelimitofallofthethermocoupleslistedabove.Itmaintainsahighlevelofaccuracyandstabilityatveryhightemperatures.

TemperatureRange:

 Thermocouplegradewire,32to3100F(0to1700C)

 Extensionwire,32to212F(0to100C)

Accuracy(whicheverisgreater):

 Standard:+/-0.5%

 SpecialLimitsofError:+/-0.25%

ThermocoupleJunctions:
GroundedThermocouples: Thisisthemostcommonjunctionstyle.Athermocoupleisgroundedwhenboththermocouplewiresandthesheathareallweldedtogetherto
formonejunctionattheprobetip.Groundedthermocoupleshaveaverygoodresponsetimebecausethethermocoupleismakingdirectcontactwiththesheath,
allowingheattotransfereasily.Adrawbackofthegroundedthermocoupleisthatthethermocoupleismoresusceptibletoelectricalinterference.Thisisbecausethe
sheathoftencomesintocontactwiththesurroundingarea,providingapathforinterference.

UngroundedThermocouples(OrUngroundedCommonThermocouples): Athermocoupleisungroundedwhenthethermocouplewiresareweldedtogetherbuttheyare
insulatedfromthesheath.Thewiresareoftenseparatedbymineralinsulation.

ExposedThermocouples(or“barewirethermocouples”): Athermocoupleisexposedwhenthethermocouplewiresareweldedtogetheranddirectlyinsertedintothe
process.Theresponsetimeisveryquick,butexposedthermocouplewiresaremorepronetocorrosionanddegradation.Unlessyourapplicationrequiresexposed
junctions,thisstyleisnotrecommended.

UngroundedUncommon: Anungroundeduncommonthermocoupleconsistsofadualthermocouplethatisinsulatedfromthesheathandeachoftheelementsare
insulatedfromoneother.
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ThermocoupleSheathComparison:
316SS(stainlesssteel): Thisisthemostcommonsheathmaterial.Itisrelativelycorrosionresistantandiscosteffective.

304SS: Thissheathisnotascorrosionresistantas316SS.Thecostdifferencebetween316SSand304SSisnominal.

Inconel(registeredtrademark)600: Thismaterialisrecommendedforhighlycorrosiveenvironments.

ResistanceTemperatureDetectororRTD|ConstructionandWorkingPrinciple

AResistanceThermometerorResistanceTemperatureDetectorisadevicewhichusedtodeterminethe

temperaturebymeasuringtheresistanceofpureelectricalwire.Thiswireisreferredtoasatemperature

sensor.Ifwewanttomeasuretemperaturewithhighaccuracy,RTDistheonlyonesolutioninindustries.Ithas

goodlinearcharacteristicsoverawiderangeoftemperature.

Thevariationofresistanceofthemetalwiththevariationofthetemperatureisgivenas,

Where,RtandR0aretheresistancevaluesattoCandt0oCtemperatures.αandβaretheconstantsdependson

themetals.

Thisexpressionisforhugerangeoftemperature.Forsmallrangeoftemperature,theexpressioncanbe,

InRTDdevices;Copper,NickelandPlatinumarewidelyusedmetals.Thesethreemetalsarehavingdifferent
resistancevariationswithrespectivetothetemperaturevariations.Thatiscalledresistance-temperature
characteristics.Platinumhasthetemperaturerangeof650oC,andthentheCopperandNickelhave120oCand
300oCrespectively.Thefigure-1showstheresistance-temperaturecharacteristicscurveofthethreedifferent
metals.ForPlatinum,itsresistancechangesbyapproximately0.4ohmsperdegreeCelsiusoftemperature.
ThepurityoftheplatinumischeckedbymeasuringR100/R0.Because,whateverthematerialsactuallyweare
usingformakingtheRTDthatshouldbepure.Ifitwillnotpure,itwilldeviatefromtheconventionalresistance-
temperaturegraph.So,αandβvalueswillchangedependinguponthemetals.

ConstructionofResistanceTemperatureDetectororRTD

Theconstructionistypicallysuchthatthewireiswoundonaform(inacoil)onnotchedmicacrossframeto
achievesmallsize,improvingthethermalconductivitytodecreasetheresponsetimeandahighrateofheat
transferisobtained.IntheindustrialRTD’s,thecoilisprotectedbyastainlesssteelsheathoraprotectivetube.

Sothat,thephysicalstrainisnegligibleasthewireexpandsandincreasethelengthofwirewiththe
temperaturechange.Ifthestrainonthewireisincreasing,thenthetensionincreases.Duetothat,theresistance
ofthewirewillchangewhichisundesirable.So,wedon’twanttochangetheresistanceofwirebyanyother
unwantedchangesexceptthetemperaturechanges.
ThisisalsousefultoRTDmaintenancewhiletheplantisinoperation.Micaisplacedinbetweenthesteel
sheathandresistancewireforbetterelectricalinsulation.Duelessstraininresistancewire,itshouldbe
carefullywoundovermicasheet.Thefig.2showsthestructuralviewofanIndustrialResistanceTemperature
Detector.

SignalConditioningofRTD

WecangetthisRTDinmarket.Butwemustknowtheprocedurehowtouseitandhowtomakethesignal
conditioningcircuitry.Sothat,theleadwireerrorsandothercalibrationerrorscanbeminimized.InthisRTD,the
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changeinresistancevalueisverysmallwithrespecttothetemperature.So,theRTDvalueismeasuredby
usingabridgecircuit.Bysupplyingtheconstantelectriccurrenttothebridgecircuitandmeasuringthe
resultingvoltagedropacrosstheresistor,theRTDresistancecanbecalculated.Thereby,thetemperaturecan
bealsodetermined.ThistemperatureisdeterminedbyconvertingtheRTDresistancevalueusingacalibration
expression.ThedifferentmodulesofRTDareshowninbelowfigures.

IntwowiresRTDBridge,thedummywireisabsent.Theoutputtakenfromtheremainingtwoendsasshownin
fig.3.Buttheextensionwireresistancesareveryimportanttobeconsidered,becausetheimpedanceofthe
extensionwiresmayaffectthetemperaturereading.ThiseffectisminimizinginthreewiresRTDbridgecircuit
byconnectingadummywireC.IfwiresAandBarematchedproperlyintermsoflengthandcrosssection
area,thentheirimpedanceeffectswillcancelbecauseeachwireisinoppositeposition.Sothat,thedummy
wireCactsasasenseleadtomeasurethevoltagedropacrosstheRTDresistanceanditcarriesnocurrent.In
thesecircuits,theoutputvoltageisdirectlyproportionaltothetemperature.So,weneedonecalibration
equationtofindthetemperature.

ExpressionsforaThreeWiresRTDCircuit

IfweknowthevaluesofVSandVO,wecanfindRgandthenwecanfindthetemperaturevalueusingcalibration
equation.Now,assumeR1=R2:

IfR3=Rg;thenVO=0andthebridgeisbalanced.Thiscanbedonemanually,butifwedon’twanttodoa
manualcalculation,wecanjustsolvetheequation3togettheexpressionforRg.

Thisexpressionassumes,whentheleadresistanceRL=0.Suppose,ifRLispresentinasituation,thenthe
expressionofRgbecomes,

So,thereisanerrorintheRTDresistancevaluebecauseoftheRLresistance.Thatiswhyweneedto
compensatedtheRLresistanceaswediscussedalreadybyconnectingonedummyline‘C’asshowninfig.4.

VideoPresentationonResistanceTemperatureDetectororRTD

LimitationsofRTD

IntheRTDresistance,therewillbeanI2Rpowerdissipationbythedeviceitselfthatcausesaslightheating
effect.Thisiscalledasself-heatinginRTD.Thismayalsocauseanerroneousreading.Thus,theelectriccurrent
throughtheRTDresistancemustbekeptsufficientlylowandconstanttoavoidself-heating.

A thermalimager (alsoknownasa thermalcamera)isessentiallya heat sensorthatiscapableofdetectingtinydifferences
intemperature.Thedevicecollectsthe infrared radiationfromobjectsinthesceneandcreatesanelectronic image basedon
informationaboutthetemperaturedifferences.

DEFINITION

thermalimaging

Thermalimagingisamethodofimprovingvisibilityofobjectsinadarkenvironmentbydetectingtheobjects'

infraredradiationandcreatinganimagebasedonthatinformation. 

Thermalimaging, near-infraredillumination, low-lightimaging andarethethreemostcommonlyused night

vision technologies.Unliketheothertwomethods,thermalimagingworksinenvironmentswithoutanyambient
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light.Likenear-infraredillumination,thermalimagingcanpenetrateobscurantssuchassmoke,fogandhaze.

Here'sabriefexplanationofhowthermalimagingworks:Allobjectsemitinfraredenergy(heat)asafunction

oftheirtemperature.Theinfraredenergyemittedbyanobjectisknownasits heatsignature.Ingeneral,the

hotteranobjectis,themoreradiationitemits.Athermalimager(alsoknownasathermalcamera)is

essentiallyaheatsensorthatiscapableofdetectingtinydifferencesintemperature.Thedevicecollectsthe

infraredradiationfromobjectsinthesceneandcreatesanelectronicimagebasedoninformationaboutthe

temperaturedifferences.Becauseobjectsarerarelypreciselythesametemperatureasotherobjectsaround

them,athermalcameracandetectthemandtheywillappearasdistinctinathermalimage. 

Thermalimagesarenormally grayscale innature:blackobjectsarecold,white

objectsarehotandthedepthofgrayindicatesvariationsbetweenthetwo.Some

thermalcameras,however,addcolortoimagestohelpusersidentifyobjectsat

differenttemperatures.


