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

CT Sizing
DC Offset and Remanence
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IEEE and IEC Surveys
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Effect of Fault Current on Remanence
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Load and Excitation Curve
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Adaptive Slope 
Differential

IOP

IRT

87P1

87P2

Secure Characteristic
(EFD = 1)

Sensitive 
Characteristic

(EFD = 0)

External Fault 
Detector (EFD)

IOPIRT

Operate 
Region

Restraint 
Region

Harmonic

AC EFD
DC EFD

87

For In-Zone 
Transformer

0

IOPI 

EFDDO

External Fault 
Detector – AC EFDGSUGenerator

87G
F1

–

+

–

+

1.25 pu

AC 
EFD

4/32 
cy

ΔIRT

ΔIOP

0.5

abs



16

External Fault Detector – DC EFD
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CT Model
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• Point on wave (0 to 360)
• X/R: up to 100
• Both ground and phase
• One saturated CT, other not
• 87P1 and 87SLP1 set low
• Simulations with 5% margin

Test Method – AC
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CT Sizing Requirements and Relay Setting
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87SLP2 = 79%

CT Sizing Requirements and Relay Setting
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CT Requirements Summary

CT Size and Relay Setting
Before After
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CT Size and Relay Setting
Before After
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• 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

Conclusion
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Questions?
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