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My Job?

“I look at squiggly lines all day long.”
Ryan Knapp - AEP

z: ! a : AMERICAN’
ELECTRIC
POWER



Misoperation Topics

** Strange Voltage Waveforms 1

** Strange Voltage Waveforms 2

** Last CB to Clear the Remote Bus Fault

** Transformer Differential Winding Compensation
** Phase Labelling

** Mother Nature’s Critters
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Strange Voltage Waveforms 1

** POTT 67N misoperation
caused one end of line to trip
during out of zone LG fault.

** Non-tripping end declared
reverse LG fault forward in
error at the start of the fault
for a very short instance
(negative sequence
polarizing).

¢ Why is the unfaulted VA

channel 5 distorted as
compared to VA channel 13?
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Title

FaortDupant? 138K} F35 Partland 14
FortDupont] 133K F35 Portland 1B
FaortDupant? 138K F35 Partland IC

FaortDupont] 133K F35 1 Palarizing

"\ PortDupont] 138K F35 Portland Y,

FaortDiupot] 138K F35 Portland B

|| PortDupant] 138k F35 Paortland YT

FaortDupont] 133K F35 Dupant? 14
FaortDupant] 133K F35 Dupant 1B
FaortDupont! 138K F35 Dupant? IC
FaortDupant] 138K F35 Dupant] Y
FaortDupont] 138K F35 Dupont] WE

FaortDupant] 138K F35 Dupant] Y
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Strange Voltage Waveforms 1

** Found DME device with flashover marks between VA (F5a) and IPOL
(F4a) terminals to be the cause of the distorted VA signal to the F35
and the two POTT relays. Wrong wire lugs were used.

®

% This could only be seen during LG fault conditions.

ELECTRIC
POWER



Strange Voltage Waveforms 2

Primary DCB relay declares reverse LG
fault as forward and allows misoperation
of line at both ends by DCB 67N.

Why are the voltage waveforms
triangular in shape and not smooth sine
waves?

Backup relay showed proper voltage
waveforms.

Calculation of 3VO revealed 3VO
magnitudes of 40% nominal during pre-
fault causing directional error to be made
during LG fault.
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Strange Voltage Waveforms 2

** Cause due to Relay VN not connected to VN of CCVTs (wiring error).

** Obvious issue when viewing high sample rate oscillography.

VN on wrong
terminal
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Last CB to Clear the Remote Bus Fault

* Station 1 LG Bus fault with |g 250 £ ——
Station 2 67N INST over g gr
tr I p . é E Remote CB clears fault
< _2500 r Other Remote sources clear .

% Last CB to clear the bus . e T | e |
fault is the line CB. Station : - Lot LT
1 CBs clear the fault : 22 T VYV
properly with the last CB < 50 -
clearing in 6.5 cycles, TRIP
which is proper for an old o

1 67GIT
Oil CB. g e
Station 1 E‘) _E:EJR
::I a 5181
1 M4P
M2P
SVE Station 2 3'I:’|C}|IIIIIIIIIIIIlIIIIIIII
175 20.0 225 25.0 27.5 30.0
#2 Over trip Cycles
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Last CB to Clear the Remote Bus Fault

\/

*%* 67N INST was not set considering loss of the Autobank feed nor by
looking at the end of line fault with the Remote end open. These
considerations might produce a setting that would not have tripped for
this fault case.

** Is bus-tie detail in your system model?

Station 1

: -

SVC / Station 2

#2 Over trip
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Transformer Differential Winding Compensation

\/

*%* LLG fault on Tertiary
Reactor of 345-138kV
Autobank outside
differential zone tripped
both differential relays
and beat the Tertiary 51P
relay that trips Tertiary
Reactor CB.

* What is the problem?

* Note that the pre-fault has
differential operate
currents presentin all 3
phases (channels 25, 29,
33).
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Title RMS FPhase
TR#1 735130 1A 111.672 127.708°
TR#1 73513018 120.581 239
TR#1 T351301C 105.615 -114.0683°
TR#1 T35 200 & 85141 104.096°
TR#1 T35 200 |8 94,866 -21.208°
TR#1 T35 2001C 95.548 -143.924°
TR#1 T35 1695 14 221.600 -110.553°
TR#1 T35 1695 1B 242803 135.264°
TR#1 T35 1695 1C 233.803 10.761°
TR#1 T35 2520 14, 91.083 -89.284°
TR#1 T35 26201B 80.042 1407347
TR#1 T35 26201C 83737 371607

TRH#1 TR 138K & || 3422648 0.a00

TR#1 T35 138KV |B 2954305 -124.698°
TR#1 TR 138KV IC || 2991.937 125.709°
TR#1 T35 |ad 0034 25.76E°

TRH#1 T35 lar 01z 27418
TR#1 T35 |bd 0.035 -B3.E7E"
TRH#1 T35 |br n.nsa -155.4759°
TR#1 T35 lcd 0109 -7E.07E°
TR#1 T35 ler 0033 -155.479°

M TR#1 2345K0 T35 Ozc Trigger On
M TRH1 245KY T35 <FMA PCHT DIFF QP &
M TRH1 345K T35 <FMRB PCHNT DIFF OF B
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Transformer Differential Winding Compensation

Cause is error in Winding Compensation settings for the Tertiary
winding.
Autobank is connected CBA; settings were for an ABC connection.

Thus, the Tertiary currents are not compensated in the differential
correctly.

Why the mistake? ASPEN model was used to verify the Autobank
connection instead of the station prints.

Lesson Learned: ASPEN model should not be used to verify D-Y
connections until it is verified to match the connections in the field.

Lesson Learned: Field Technicians could have caught this by
Insisting on checks with Tertiary Reactor in service.
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Phase Labelling Difference

Stage 1: Tapped Wind Farm
into line making 3-terminal
DCB scheme with DTT.
Everything worked correctly
and somehow the PLC wave
traps were on the correct
phases?

Stage 2: New dedicated Wind
Farm line with 87L using fiber.
As WF is ramping up wind
turbines, the 87L relays trip.
There is no voltage dip that
would indicate a fault on the

system, so what is
happening?

Station 1 STAGE 1

Station 2
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Phase Labelling Difference

*%* WF relays were not setup with the capability to disable the 87L tripping
function and leave backup functions in service like the AEP 87L relays.
This hampers the trouble-shooting process.

%* Cause is due to phase labelling difference between AEP and WF
stations/relay panels and this results in 87L tripping on load.

»* Phase verification tools were not used to verify phase label agreement
In the project scoping stages for each location.

i Station 2
Station 1 STAGE 2
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Mother Nature’s Critters

Can you identify the picture that is not related to a Misoperation?
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