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IEEE and IEC Guidance
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Fault Current and CT Flux
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Fault Current and CT Flux
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Effect of Fault Inception Angle
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Effect of Fault Inception Angle
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Remanence

CT Sizing
DC Offset and Remanence
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Effect of Fault Current on Remanence

Subsidence
Current

Effect of Load

N
(o))

Residual Flux Density (T)
o
(00]

. 0.6
Peak Value of Alternating Flux Density (T)




Load and Excitation Curve

Magnetizing Voltage (Vu)

0.01 0.1 1
Magnetizing Current (ly)

Protective Relay Scheme




Adaptive Slope
Differential

Harmonic

Secure Characteristic

Sensitive
Restraint Characteristic
Region (EFD =0)

_J External Fault
AC EFD Detector (EFD)
DC EFD

= ] )

Algr

125 pu External Fault
Detector - AC EFD

Generator

S




External Fault Detector — DC EFD
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Test Method — AC

External Fault
Currents

» Point on wave (0 to 360)
* X/R: up to 100

CT Model
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* Both ground and phase | CT model |

* One saturated CT, other not Relay
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Obtain Secure
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Test Method — AC

External Fault
Currents

¢

« Point on wave (0 to 360) ——
« X/R: up to 100 !

Amplifiers

» Both ground and phase

y

* One saturated CT, other not Reley
« 87P1 and 87SLP1 set low

 Simulations with 5% margin
» Hardware-in-the-loop verification




CT Sizing Requirements and Relay Setting

87SLP2 Setting (%)
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CT Sizing Requirements and Relay Setting

Vansi = Krem * KS_MIN '( E
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Test Method and
Results — DC

* Down to a Kg of 1

* Lower inrush

= AC EFD drops out,
but dc EFD does not
87P2 = 0.50 pu

= DC EFD drops out
87P1= 1 pu- | /TAP
~ 0.25 pu
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CT Requirements Summary

CT Size and Relay Setting
Before mmp After
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CT Size and Relay Setting
Before mmp After

X
(N (1 + E) elg (RB + RCT) \ N (KREM y KTD)' ls (RB + RCT)

L39530A oo 1 eav Vo = (3.1.8)- 22530 A

Vepr = 2HOT R, 372Q= 733V
SAT 2,000 2,000

Ve =C800+(2 » A+ Q)=1300V Vaus =C400+(2 + A+ 0)=900V
SLP2 =SLP1=10%? SLP2 =79%

Remanence?

Conclusion

« Both IEEE and IEC consider dc offset and remanence
» Use of CT models is neither ideal nor required

« Modern differential relay schemes can drastically
reduce CT requirements

« Unambiguous application guidance results in precise
= CT sizing

» Relay settings
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