Fault and Disturbance Signatures

06F1435_160321,110749600,-5t,Dunwoodie 345kV,USI_M9000,USI, WWD.dat - 03/21/2016 - 11:07:49.600 - Primary - (Peak Type) — ||:| |i|
CH 4] 4 | | LI =[] RihS Phase  Unit Phasors [«[-]r]<]x]
a0 —
190667.707  308192° 10 o0
1)1212558.291 192885 % -
150 E 30
1684 680 72 664° A .
718.065 149.060° A ;
1013.406 3671600 A
38956.911 JhBE2F A
39370829 368110 A Samp#- 2599 240 2;0 300
Page Duration: 267 Mils(s) - 291 LI
=10] x|
FitdS Phase  Unit E Phasors [«][=]=]<]x]
a0 -
189991 617 301.485° v 120 a0
200836.347 1795858 W '
150 . 30
38688 645 EE.785° i :
E78.010 271458 A - i]
1455916 174.480° A
2896719 00077 A 0
1332232 3407210 A Samp#: 2601 240 L 300
e TR EM o 7 LT T TZE FTH I il Page Duration: 287 Mils(s) - 291 Mics(s) | vu

Captures from the Wavewin Software



Saturation from Main Instrument CTs

Saturation Under Fault Conditions
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Decaying Harmonics: Major Second with supporting DC




Breakdown from Secondary Split Core CTs

Breakdown Under Load Conditions
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Even Harmonics: Major DC with supporting Second
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Ferro Resonance from Main Instrument PTs
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Odd Harmonics: Major Third with supporting Fifth
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Inrush from Energizing 345kv Transformers

Typical Low 2"d Harmonic Breaker
Inrush Minimum = 6% Opens

Prefault
Data

Differential Relay Trip Operation while Energizing a 345 kV
Transformer due to Large, Fully Offset DC

CT Magnetized and Failed to Provide 2" Harmonic Restraint



Ringing from 345kV Capacitor Banks at Cut-In
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Cap Bank Ringing at the 215t Harmonic



Arcing from 27kV Vacuum Tube Breakers

_-Breaker Time = 2.25 cycles

Symmetrical Pulses (they come in the same way they go out)
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Signatures from 345kV Breaker Operations

‘ Trip Coil

ERE. Trip Amps
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ERK Close  Amps

Contact Chatter
Gas

Compressor

GAS Comp Amps

15 Seconds Capture showing Air Compressor Contact Chatter




Signatures from Electromechanical Relays
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Phaze A

Phaze B

Phasze

LOR Trip

BRFE. Trip

Protection System Timing from Relay and Breaker Targets
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Signatures from Digital Fault Recorders

Recorder A/D ;
Channel Saturation

Secondary CT
. Breakdown A

............................................................................

Recorder A/D
Channel Distortion

Waveform Capture Showing Errors from A/D Channels



Signature Recognition
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