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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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Internal
ABG fault

(reference)
Internal fault
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Type 4 Wind

ABG fault
Sequence
element
behavior
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|12 vs. V2




Improved performance
of directional and
fault type selection




IEEE Std
2800-2022
performance
requirements

For unbalanced faults, in addition to increased positive-sequence reactive current, the /BR unit shall inject
negative sequence current:
—  Dependent on /BR unit termunal (POC) negative sequence voltage and

—  That leads the /BR unit termunal (POC) negative sequence voltage by an allowable range as specified
below:

— 90 degrees to 100 degrees!®® for full converter-based IBR units

— 90 degrees to 150 degrees for type III WTGs!?”’

Table 13 —Voltage ride-through performance requirements

Parameter Type III WIGs All other IBR units
Step response time® 9 NA? < 2.5 cycles
Settling time® <9 I < 6 cycles <4 cycles I
Sottline band —2.5%/+10% of IBR unit —2.5%/+10% of IBR unit
& maximum current maximum current

*The initial response from the type III WTG is driven by machine characteristics and not the control system. DC
component, 1f present, has an impact on response, which 1s driven by machine parameters and time of fault
occurrence. Even though the control system takes an action, it cannot control machine’s natural response. As such,
defining response time for type IIT WTGs is not necessary.

" System conditions may require a slower response time. or /BR units may not be able to meet response times
noted in this table for certain system conditions. If so. greater response time and settling time are allowed with
mutual agreement between an IBR owner and the TS owner.

¢The DFT with a one-cycle moving average window is used to derive phasor quantities such as active, reactive,
positive-sequence, negative-sequence currents, etc. The time delay required for the DFT measurements is included
in the step response time and settling time specified in this table.

4The specified step response time and settling time applies to both 50 Hz and 60 Hz systems.




Improved performance of directional and FIDS

. £3l, — Fault ID
Increase overcurrent supervisory S0QF /315 —43lo— 2312
thresholds to improve 32Q security  500R ESA
and FIDS security and dependability ° FIDEN | Enable £SB
S0FP = 1.25 pu * la 50GF FSC
Vo — :
50RP = 1.00 pu * lax 50GR Ve 27 To distance
V. — algorithm elements

Enable weak-infeed control (EWFC) J

Zz|: +
’ - S0RP — — Enable
S0FP — - Enable Vs Z,
V, Z, Yy Z, calc +
275 Z- calc 12 R320Q
I, Zor -




- + 00/ 8 + |00l B
oo 1000
400 W 1AW W 1AW
. - RPN B 1BwW
2 0 >< mucw 0 B cw
< <
-400 -500 v
A B - -
-20 ms 20 ms 60 ms -20 ms 0 ms 20 ms 60 ms
+ 005 + 00 2
200 7
oy /\ /\ /\ /\ /\ W TvAY
8 moivey | 5 W 1VEBY ||
s Z 0
H B 1VCY o 2 \/ \/ \/ \/ W ey
= ]
i \/ e i
-20 ms 0ms 20 ms 60 ms
-20 ms 20 ms 60 ms =
. + 474 +|m0 8
Color Name Mag + 00 + 00/ 2 Color Name Mag  Angle D A,
I, P ; W 27AR
B | 2:v2_kV.Phasor | 53.6575 p \ : W 2:7AB Bl | 2.2 _kV.Phasor | 541769 | -101.87 - 210 A 5
Bl | 2:2_APhasor vo_kv| [, Bl | 2:2_APhasor | 46,0727 |0° g
y kv |5, -
Bl | 2:V0_kV.Phasor | 22.4406 Bl | 2:v0_kV.Phasor | 54177 |138.01° = o
2104y s
Ml | 2:0_A.Phasor B Bl | 2:0_A.Phasor | 332617 |56.83° I 130
e [ . '
. 0 3.60 Oz, 0 2.93
R (Ohms) R (Ohms)
+ /00 2 + 00|85
1:F32Q 1:F320Q
1:F32p 1:F32p
1:32GF e 1:32GF
1:FIDEM 1:FIDEMN
1:F54 1:FSA
1:FSE 1:FSB
1:FSC 1:FSC
Al 1TZ1P
121G 121G
1:Z2p 1:22p
122G 122G
1:87LP 1:87LP
20 ms 60 ms -20 ms 0ms 20 ms 60 ms




Distance element
additional considerations




|2-polarized ground quadrilateral
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Memory-
polarized
phase mho
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Distance element operating quantity
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Self-polarized offset distance elements
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Increase Zone 1 reach for tie-lines without
parallel path in a meshed network
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Transient-based methods




Transient-based directional element
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Traveling waves
Protection and fault location
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Source-to-line
iImpedance ratio (SIR)
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Relay voltage for line-to-line faults
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Improve 21P Zone 1 security due to high SIR

Reduce reach and/or add time delays

- m1 < m1RATIO — ESS « (SIR + 1)

— m1l = secure reach considering SIR

— MI1RATIO = 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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POTT scheme dependability
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DCB scheme dependability
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Hybrid POTT with weak-infeed echo and trip
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Line current differential




Internal AG fault
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IBR fault response
Strong zero-sequence, but weak otherwise
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I(kA)

Internal AG fault
Improved settings
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No fault
Harmonics
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Power swing blocking
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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 320 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-seguence 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

Use Hybrid POTT scheme with weak-infeed echo and trip
Use line current differential protection with improved settings
Re-evaluate power swing blocking application and settings

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

© o N O
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