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1.6Dampingforce
Thedeflectiontorqueandcontrollingtorqueproducedbysystemsareelectro
mechanical.
Duetoinertiaproducedbythissystem,thepointeroscillatesaboutitfinalsteady
positionbefore
comingtorest.Thetimerequiredtotakethemeasurementismore.Todampoutthe
oscillation
isquickly,adampingforceisnecessary.Thisforceisproducedbydifferentsystems.
(a)Airfrictiondamping
(b)Fluidfrictiondamping
(c)Eddycurrentdamping

1.6.1Airfrictiondamping
Thepistonismechanicallyconnectedtoaspindlethroughtheconnectingrod(Fig.1.6).
Thepointerisfixedtothespindlemovesoveracalibrateddial.Whenthepointer
oscillatesinclockwisedirection,thepistongoesinsideandthecylindergets
compressed.Theairpushesthepistonupwardsandthepointertendstomovein
anticlockwisedirection.

Ifthepointeroscillatesinanticlockwisedirectionthepistonmovesawayandthe
pressureoftheairinsidecylindergetsreduced.Theexternalpressureismorethanthat
oftheinternalpressure.Thereforethepistonmovesdownwards.Thepointertendsto
moveinclockwisedirection.
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1.6.2Eddycurrentdamping

Analuminum circulardiscisfixedtothespindle(Fig.1.6).Thisdiscismadetomovein
themagneticfieldproducedbyapermanentmagnet.Whenthediscoscillatesitcuts
themagneticfluxproducedbydampingmagnet.Anemfisinducedinthecirculardisc
byfaradayslaw.Eddycurrentsareestablishedinthediscsinceithasseveralclosed
paths.ByLenz’slaw,thecurrentcarryingdiscproducedaforceinadirectionopposite
tooscillatingforce.Thedampingforcecanbevariedbyvaryingtheprojectionofthe
magnetoverthecirculardisc.
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1.7PermanentMagnetMovingCoil(PMMC)instrument
OneofthemostaccuratetypeofinstrumentusedforD.C.measurementsisPMMC
instrument.

Construction:Apermanentmagnetisusedinthistypeinstrument.Aluminum formeris
providedinthecylindricalinbetweentwopolesofthepermanentmagnet(Fig.1.7).
Coilsarewoundonthealuminum formerwhichisconnectedwiththespindle.This
spindleissupportedwithjeweledbearing.Twospringsareattachedoneitherendofthe
spindle.Theterminalsofthemovingcoilsareconnectedtothespring.Thereforethe
currentflowsthroughspring1,movingcoilandspring2.
Damping:Eddycurrentdampingisused.Thisisproducedbyaluminum former.
Control:Springcontrolisused.

Principleofoperation
WhenD.C.supplyisgiventothemovingcoil,D.C.currentflowsthroughit.Whenthe
currentcarryingcoiliskeptinthemagneticfield,itexperiencesaforce.Thisforce
producesatorqueandtheformerrotates.Thepointerisattachedwiththespindle.
Whentheformerrotates,thepointermovesoverthecalibratedscale.Whenthepolarity
isreversedatorqueisproducedintheoppositedirection.Themechanicalstopperdoes
notallowthedeflectionintheoppositedirection.Thereforethepolarityshouldbe
maintainedwithPMMCinstrument.IfA.C.issupplied,areversingtorqueisproduced.
Thiscannotproduceacontinuousdeflection.
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ThereforethisinstrumentcannotbeusedinA.C.

TorquedevelopedbyPMMC
LetTd=deflectingtorque
TC=controllingtorque
q=angleofdeflection
K=springconstant
b=widthofthecoil

l=heightofthecoilorlengthofcoil
N=No.ofturns
I=current
B=Fluxdensity
A=areaofthecoil
Theforceproducedinthecoilisgivenby
F=BILsinƟ (1.4)

Advantages
 Torque/weightishigh
 Powerconsumptionisless
 Scaleisuniform
 Dampingisveryeffective
 Sinceoperatingfieldisverystrong,theeffectofstrayfieldisnegligible
 Rangeofinstrumentcanbeextended

Disadvantages
 UseonlyforD.C.
 Costishigh
 ErrorisproducedduetoageingeffectofPMMC
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 Frictionandtemperatureerrorarepresent

1.7.1ExtensionofrangeofPMMCinstrument

Case-I:Shunt
Alowshuntresistanceconnectedinparrelwiththeammetertoextenttherangeof
current.Largecurrentcanbemeasuredusinglowcurrentratedammeterbyusinga
shunt.
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Shuntresistanceismadeofmanganin.Thishasleastthermoelectricemf.Thechange
isresistance,duetochangeintemperatureisnegligible.

Case(II):Multiplier
Alargeresistanceisconnectedinserieswithvoltmeteriscalledmultiplier(Fig.1.9).A
largevoltagecanbemeasuredusingavoltmeterofsmallratingwithamultiplier.
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Let
Rm =resistanceofmeter
Rse=resistanceofmultiplier
Vm =Voltageacrossmeter
Vse=Voltageacrossseriesresistance
V=voltagetobemeasured


