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Overview

▪ Negative-sequence current challenges

▪ Distance element considerations

▪ Transient-based line protection and fault locating

▪ Source-to-line impedance ratio (SIR)

▪ Directional comparison pilot schemes

▪ Line current differential

▪ Power swing blocking

▪ Conclusion and References
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Negative-sequence 
current challenges



Type 4 Wind AB fault at remote bus
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Directional element (32)
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Distance element (21)

▪ Calculated impedance is less than set reach

▪ Loop current greater than fault-detector threshold (Zone 1)

▪ Directional element supervision (forward/reverse)

▪ Fault-type Identification and Selection (FIDS) logic does not block element

▪ No CVT transients detected (Zone 1)
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FIDS – AG fault
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Type 4 Wind 
ABG fault
External fault



Type 4 Wind 
ABG fault
Sequence 
element 
behavior
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I2 vs. V2



Improved performance 
of directional and
fault type selection



IEEE Std 
2800-2022 
performance 
requirements
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Type 4 Wind 
ABG fault



Distance element 
additional considerations



I2-polarized ground quadrilateral
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polarized 
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Distance element operating quantity
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Self-polarized offset distance elements

Reverse reach Reverse reach

Forward reach
Forward reach



IBR Grid

YG/D/YG

CB1 CB2

R1 R2

Parallel path / 

meshed network
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parallel path in a meshed network

Underreaching Zone 1Overreaching Zone 1



Transient-based methods



Transient-based directional element
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Traveling waves
Protection and fault location
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Source-to-line 
impedance ratio (SIR)



Line-to-line fault at remote bus
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Relay voltage for line-to-line faults

▪ If Z1S =    • Z L and Z2S =    • Z S,

–  SIRP(3P_FAULT) = 10

–  SIRP(LL_FAULT) = 50.9!

▪ Consider LL faults also when 
calculating SIRP
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Improve 21P Zone 1 security due to high SIR
Reduce reach and/or add time delays

▪ m1 < m1RATIO – ESS • (SIR +  )

– m1 = secure reach considering SIR

– m1RATIO = reach considering ratio 
errors (e.g., 0.90 pu)

– ESS = Steady-state error (e.g., 0.03 pu)

▪ Consider transient CCVT errors
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Directional comparison 
pilot schemes
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Line current differential



Internal AG fault
15 ohms



IBR fault response
Strong zero-sequence, but weak otherwise 
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Internal AG fault
Improved settings



No fault
Harmonics

▪ 87LQPSENS = 0.48 pu

▪ 87LQPSECURE = 0.63 pu
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Power swing blocking



Power swing 
blocking
Transient 
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IBR active 
power
Control 
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Conclusion



Conclusion

1. Raise negative-sequence current thresholds to improve directional 
element and FIDS logic performance

– Reliable directionality, especially for phase-to-phase faults in 
which 32Q may be the only element to provide directionality

– Voltage-based FIDS logic adds dependability and security

2. Use self-polarized phase distance with possibly offset 
characteristics supplemented by transient directional elements

3. Use ground mho or zero-sequence polarized quadrilateral

4. Increase Zone 1 reach at strong terminal in tie-line applications 
without parallel paths



Conclusion

5. Source-to-line impedance ratio (SIR) can be very high

– Consider line-to-line faults also to calculate SIR

– Reduce Zone 1 reach and/or add time delay for security or, if required,
disable Zone 1 and rely on communications-assisted protection

6. Use Hybrid POTT scheme with weak-infeed echo and trip

7. Use line current differential protection with improved settings

8. Re-evaluate power swing blocking application and settings

9. Transient-based line protection elements including
traveling-wave-based schemes can add dependability
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