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Outline

Unusual system conditions
87L security and dependability

87L dependability considerations
+ Power swings
+ Series-compensated lines

+ Weak and inverter-based sources

Conclusion



Unusual System Conditions

e Series-compensated lines
* Power swings

e Off-nominal frequency
 Weak sources

* |nverter-based sources

e Single-pole open conditions

e Cross-country faults



87L Security

« 87L elements are inherently secure
(current in Is current out unless a fault)

e Security challenges in practical applications

¢

¢

¢

¢

CT saturation
Channel asymmetry and current misalignment
Undetected channel data errors

Line charging current

 Challenges are well addressed by
relay design



87L Dependability Concerns
Will 87L Protection...

Operate reliably under current inversions in
series-compensated lines?

Overrestrain during power swings?

Lose accuracy due to off-nominal
frequencies?

Trip reliably with fault contribution from a
wind farm?



Types of 87L Elements

» Differential elements respond to
+ Phase currents (87LP)
+ Negative-sequence currents (87LQ)

+ Zero-seguence currents (87LG)

e All three elements use the same data

 They may respond differently under
unusual system conditions



87LQ and 87LG Do Not

Decrease Security
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87LQ and
87LG have no
extra failure
modes

87LQ and
87LG are
secure under
CT saturation



Key Message
Enabling 87LP, 87LQ, and 87LG

 Does not impalr security

* Allows different response under
unusual conditions

* Increases dependability



Dependability During Power Swings
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Dependability During Power Swings
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Dependability During Power Swings

31, currents perfectly in

1.5 }F phase, 87LG operates
i reliably and quickly
1 A
0.5 | | ﬁ
—0.5 F

-0.1 0] 0.1 0.2 0.3 0.4 0.5
Time, s




Why Is 87LG Element Not Affected?

s % B

il

lopir
ZoL | | ZoR
loL

IOR

‘WVWWWV\’VW\/V\IW\APLWWVWW\M\}




Power Swings and 87L

e 87LIs inherently secure
« 87LP

+ Overrestrained
+ Slow operation
+ Lower sensitivity

. 87LG and 87LQ

+ Dependable
¢+ Fast
+ Sensitive




Series Capacitors
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Low-Current Internal SLG Fault
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Low-Current Internal SLG Fault
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Low-Current Fault Example
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Low-Current Fault Example
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High-Current Internal SLG Fault
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High-Current Internal SLG Fault
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High-Current Internal SLG Fault
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Series Compensation and 87L

e 87/L Is Inherently secure

 Current inversion affects
87LP, 87LQ, and
87LG differently

 Enable all three elements
for better dependabillity,
sensitivity, and speed




Inverter-Based Sources

Fault behavior not well understood

Fault behavior driven by flexible design
choices — difficult to discover

Unease among protection engineers
regarding setting selection and
scheme performance

Terminal with inverter-based source
typically treated as weak terminal



Wind Farm Simulation Example
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Wind Farm Simulation Example
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Wind Farm Simulation Example
SLG Fault
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Voltage, kV

Wind Farm Simulation Example
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Wind Farm Simulation Example
3P Fault
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Inverter-Based Sources and 87L

87L Is inherently secure

Grounded transformer
windings allow
Zero-sequence currents and
support 87LG

Inverter-based sources
contribute to phase faults

System contribution allows
87L to work reliably




Summary

87L protection Is inherently secure

87LP, 87LQ, and 87LG elements respond
to the same measurements

Using all three elements does not
diminish security

87L elements respond differently to faults
under unusual system conditions

Using all three elements
Increases dependability
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