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3.1 Currenttransformersand their applicationsin protection schemes:
» Instrumentstransformers—
I.e.currenttransformerandvoltagetransformersinsulatesecondarycircuits from

Primary(power)circuitand provide quantitieswhichare proportionaltothosein

primary.
» These quantitiesare usedformeteringandrelayingcircuits.
Currentandvoltagetransformersareregardedas constitutingpart ofthe

protectionsystem andmust becarefullymatched withthe protectiverelay.

» Measuringcurrenttransformersformeteringarerequiredtoaccuratelyperform
itsfunctionovernormal range of loadcurrents, whereas protective current
transformers IS required to provide sufficiently accurate
secondarycurrenttoprovidesatisfactoryprotectionoverawiderangeoffaultcurrentfro
mafractionof fullloadtomanytimes offullload.

» Thereforeseparatetypeofcurrenttransformersis usedformeasuring and protection.
Incase of voltagetransformerssame transformers can serve both thepurposes.

> Protective
relaysina.c.powersystemsareconnectedinthesecondarycircuitsofcurrenttransform
ersand potentialtransformers.Incurrenttransformers,primarycurrentis
notcontrolledbycondition ofthe secondarycircuit.

» Henceprimarycurrentisdominantintheoperation ofcurrenttransformers.

Instrument transformers arefurther classifiedintotwo groups:

= Protectiveinstrument transformersusedinassociation withrelays, trip coils,
pilot wires etc.

= Measuring instrument transformers — used in conjunctionwithammeter,

wattmeter etc.
Latest version of following Standardsmay bereferred forcomplete information.
A. CurrentTransformer

1) 1S:2705(4 parts)— Current Transformer
i) IEC185Current Transformer— InternationalElectro- technical
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Commission
1) 1S 4201 — ApplicationGuidefor current transformers
Iv) IEC-60044-1- Current transformers

Current Transformer
» Primary requirement isthat current ratiomust be constant. Primary windingis
connectedinseries with load
andcarriesloadcurrenttobemeasured. Thewindingisconnectedtotherelayormetering
unit.
= Secondary current for relay together with load resistance and winding
impedance constitute the burden of the transformer.
Primary current contains twocomponents.

a) Secondary current which is transformedand is ininverseratio of the
turnsratio.

b) Excitingcurrenttomagnetizethecoreandsupplyeddyandhysteresis
lossesandisnottransformed.  Amountof  excitingcurrentdependsupon
corematerialandburdenrequirement.

The ratioerroris given by thefollowingexpression.

K I, —1,x100
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¢ Astherelaytime has reducedtotheorder of a fewmili-secondsinmodernprotective
relays,thetransient behaviorofcurrent
transformersandvoltagetransformersneedsmoreattention.In ordertoprevent
saturation of current transformer cores during sub-transient currents, larger
cores and air gaps are introduced in CT’sforfast protectiverelays.

¢ ThestandardspecificationsgivenbylEC,IEEEandlScoverseveralaspectsaboutcurre
nttransformers
suchasgeneralrequirements,specifications,testing,applications,termsand

definitions.
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¢ Themajorcriterionoftheselectionofthe  currenttransformerratioalmostinvariably

iIsmaximum load current.

+¢ Inotherwords,the currenttransformersecondarycurrentatmaximum
loadcurrents,shouldnot exceedthecontinuouscurrentratingofthe applied relay.
This is particularly applicableto phase type relays where loadcurrent flows
throughthe relays.

«» This criterionapplies indirectlytothe groundrelays even thoughthey donot
receivecurrent because they aregenerally connected to thesame set of
current transformersasthephaserelays.

% Sincetheratiohasbeensetonthebasisofloadcurrentofthephase relays,this
ratiowouldthenapplytothegroundrelay.

% Thecurrenttransformerratiois selectedtoprovide
around5amperesorlamp.(inswitchyard)secondaryforthemaximumloadcurrent.
Wheredelta- connected CT’s areused, thev3factors should not be overlooked.

Applicationof ProtectiveCurrent Transformers

Generalshape ofexcitingcharacteristicsforcoldrolledsiliconsteelmaterial(cross)

generally usedfor protection CTsis shown in the below figure

e Workingrangeofaprotectivetransformerextendsfrom
anklepointtokneepointandbeyond(fullrange).

e Meteringcurrenttransformernormallyoperatesinthe
regionofanklepointabout10% t0120%fullload.
HighpermeabilitywithlowsaturationlevelmaterialisusedformeteringCTs.C
Tsaturatesabovethis rangeandprotectsthemeters.

e ThedeterminationoftheratingofaprotectiveCTisdependantonitsapplicationa
ndconsequentlythe following parameters areworked out: rated burden,
rated accuracylimit factorand accuracy class.

¢ Forbalancedprotectionsystemanddistanceprotectionspecialclasscurrenttrans

formersdesignatedclass
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Figure:3.1.1 ExcitingCurveforCurrent Transfer

[Source: “Power SystemProtection and Switchgear’” by B.Rabindranath and N.Chander, Page: 212]

PS areused andneeds inaddition following parameters to be specified.

a) Ratedkneepoint voltage

b) Secondarywindingresistance

c) Maximumexcitingcurrentatrated knee point voltage

Current transformers are generally used to measure currents of high magnitude.
These transformers step down the current to be measured, so that it can be

measured with a normal range ammeter.
A Current transformer has only one or very few number of primary turns. The

primary winding may be just a conductor or a bus bar placed in a hollow core (as

shown in the figure).
The secondary winding has large number turns accurately wound for a specific

turns ratio.
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Figure 3.1.2 : Current Transformer
[Source: “Power SystemProtection and Switchgear’” by B.Rabindranath and N.Chander, Page: 222]

o Thus the current transformer steps up (increases) the voltage while stepping
down (lowering) the current. Now, the secondary current is measured with the

help of an AC ammeter. The turns ratio of a transformer is NP/ NS = 1S/ IP

UPS systems

Transfer switches

Motor-generator sets

Commercial sub-metering,

CT’s in one package for 3-phase metering

Accurate measuring for metering/WATT/VAR

Current sensing, recording, monitoring & control

Control panels and drives

Standard CT used as measuring standard for comparison
Winding temperature indicator (WT]I) for power transformers

Summation current transformers.
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