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CT Fundamentals

* Likeany other kind of transformerconsisting
of two windings magnetically coupled by the
flux in a saturable steetore

* Draw an exciting current to keep the core
excited

* EXperiencecopper losses, core losses, eddy
current losses and leakage flux




CT Fundamentals - Excitation Characteristic

* More practical way to represent the CT steady
state performance
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CT Fundamentals - Simulation Model

* |EEE PSRC model
* Assume thesingle-valued saturationcurve
* Ignorecurve in the belowknee-point region

Simplified Curve
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CT Saturation - AC Saturation

* Steadystate saturation

* Causedby the symmetrical current with no DC
component
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| CT Ratio: 800/5

‘ Burden: 2 ohms
‘ Vs@10A: 303 V
; DC offset: 0%
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CT Saturation - DC Saturation

* Transient saturation

* Caused by DC component in the fault current,

unipolar half wave current or remnant flux in
the CT

CT Ratio: 800/5
Burden: 2 ohms
Vs@10A: 303 V
DC offset: 100%
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CT Saturation - Contributing Factors

* High primary fault current
* EXxcessive secondary burden
* Heavy DC offset in current

* Large percent remanence



Effect on current phasor estimation

®* Nonlinear exciting current during saturation
affects the performance of currentbased
protection elements
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Simplified Analysis — Simplification

* Exactsame samples during unsaturation
* Saturatedcurrent samples arezero during saturation

* Saturationis repeated each half cycle with the same
pattern

* No dc offset

* The time to saturation
longer than half cycle is
not considered since 87
function operates at
high speed

001 0015 002 0025 003
Tine (s)




Simplified Analysis - Example
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Time to saturation: 2.86ns @ 60Hz
Magnitude: 0.3pu of ideal
Angle: leading ideal by 5173




Simplified Analysis — Phasor, RMS

* Adjust time to saturation from 0 to 0.5 cycle
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Simplified Analysis — Approximation

I SAT — a(tSAT)I IDEAL.I. b(tSAT)

=0.916- 0.6565(20s@.324,,) - 0.34293in(4.324,,)
- 0.3008(20sB.648,,) + 0.16213in(8.648 ;)
+0.04234(0s(2.972,,,) - 0.01394Gin@12.972,,,)
ts,r1 (0,0.5)cycle

b(ts ) = 6155+ 36.52(@0s@.733 ;) - 49.84B3in(4.733,,)
- 6.392(20s0.466,,) + 0.4704@in(.466 . )
ts,r1 (0,0.5)cycle
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Effect on 871 - Internal Faults

* Consider internal faults in a twdaerminal line
* Traditional percentage differential plane is analyzed

=1,

I R = a(tSAT) KI P I (b(tSAT) + g)

*T I's an angl e dactdrf er ence

* Kis a magnitude difference tolerancéactor
* Differentfault current level at the remote end
DifferentCT performance betweerntwo CTs

Modeldifference between simplified saturation and real
saturation

Othererrors caused by DC offset, asymmetrical
saturation, etc
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Effect on 871 - Internal Faults

lore = “ Bl R‘ = “ P +a(tSAT)KI P | (b(tSAT) +g)‘
=15 ¢'+a(tSAT)K I (b(tSAT) +g)‘

IRES:“L‘-I_“R‘ =lp +a(ts)Klp

=1p Cél+a(tSAT)K)

* 87L operates correctly if

2
12 y1*2aKcosb+g)+(aK)” o o

(1+aK)

* Define Dependability Factor
S J1+2aK cosp + g) + (aK)?

(1+aK)
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Effect on 871 - Internal Faults
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* 87Lcorrectly operateson internal faults IfDF > 0.7,
that is, SLP2 need to be set lesan 0.7
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Effect on 871 - External Faults

lore = “ ha R‘ = ‘I p ta(tsar)Klp | (O(tsar) +g+18OA)‘

=1, (L- a(ts,)K T (bltsy) +9)
lrgs =|1 | +[1/] =15 +@(tsar) Kl
=1, Ql+a(t,)K)
* 87Lmisoperatesif

‘1- akKl (b +g)‘ _ \1- 2aK cos( + g) + (aK)? .

SLR2 {1+ aK) SLR2 1 +aK)
* Define Security Factor

e J1- 2aK cos( + g) + (aK)?

(1+aK)
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Effect on 871 - External Faults
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* Thereexistsmisoperation Iif time to saturation is less
than 2.6mswhen SLP2 is setto 0.7
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Effect on 871 - External Faults
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Techniques to Improve Tolerance

* Adda portion of current distortions such as
harmonics, saturated CT signal and noise, into the
restraint signal; therefore, the restraint region Is
adaptively increased.

* Dynamicallyswitch the differential settings to more
secure values to deal with external faults. Normally,
the more secure settings would result in the larger
restraint region.

* Constantlyuse the transient bias as the additional
restraint signal.A deltasignal is mixed into the
transient bias to increase the restrainsignal.
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Techniques — Adaptive Restraint

—

* Adaptiverestraint dynamicallyadjusts the operating
restraint boundary.

* Adaptivedecision process Is based on an elme
computation of measurement error.

* Sguareddifferences between the actual waveform
and an ideal sinusoidsa me asure of a
f1rto (a measurement erro

window
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Technigues - Weight Factor

* Dynamically increasehe weight of the adaptive
restraint portionin the total restraint quantity, but for
external faultsonly

arg(lLoc/Irem)=180
(external fault)
MULT=5

I:I MUL T=abs(arg(joc/Irem)*5/180

[ ] muLt=1

MULT=1
arg(Ioc/Irem)=0

(internal fault)
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Techniques - Total Restraint
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CT Saturation Analysis Tool

* ltisnecessary todevelop a type of CT
saturation analysistool because
* Utility customers are looking for the relay
manufacturer recommendations and warranties

for the CT selection at their system with particular
relay models.

* CTselection recommendations are different from
one manufacturer to another and there cannot be
any standard giving specificecommendations.
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CT Saturation Analysis Tool

* A practical CT saturation analysis tool Is
required to

* seamlesslyincorporate the CT performance and
relay systemapplication

* utilizethe commonly recognized Cinodel and CT
saturation calculation algorithm

* simulate the analog/digital signal processing and
data calculations exactly existing in the line
current differential relay
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CT Saturation Analysis Tool

* A practical CT saturation analysis tool is able t

* Analyzereliability of 87L during C$aturation
* Bvaluate the differential relaysecurity

* Investigatethe effect of adjusting 87Lsettings
* Choosethe proper size oCT

* BExamine possibilityof reducing CT requirement
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CT Saturation Analysisj_




