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Online Osclillation Management
A Objective

I Detectsignificantoscillatoryevents.
I Estimate the Sourcanddeliver results to the designated personnel.
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Mitigation

24]7 process,
operational since
September 2017

A The OSL uses eneflggsed Dissipating Energy Flow (DEF) method

i Joint NASPI & IEEE OSL 2021 Contest has identified the DEF as the most efficient for
finding the source of traditional oscillations in power systems
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Statistics of Performance

A Since 2017, automatically processk@D0-+oscillatory Alerts and
Alarms.

A Correctlyidentified thesourcefor practically alinstances of
oscillationawvith known sourcemsideandoutsideof ISONE

A{lGAaTASE (2 hekdsfdanlingdsSedidnafA 2 v I f
oscillations and efficienmitigation

A Task for the future: make sure the process has similar efficiency for
IBRrelated oscillations
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New OSL Features introduced in 202024*

o To  Io Do o

The DEF method has been expanded to Complex DEF (CDEF)
Ability to run CDEF in time domain and frequency domains

|dentification of a control system type (active power or voltage)
containing the source of oscillation

Automated Dissipating Energy Pattern RecognitionRBRIt

Complimentary analysis of SCADA data on MWNYArof suspect
generators

New features increase efficiency of OSL

S| ava Mas | e ntmeiEfficeency df lEbecating thecOsaillgtidh o u r IEEEdransactions on Power Systems.
DOI 10.1109/TPWRS.2024.3380529
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Complex Dissipating Energy Flow (CDEF) Method*

DEF:W?° DR d oy J?%d \ CDEF:W’°

[FOPAD o d ) +K (f QD %d v

\/1+ K’ Y

Where K is arepresentativér/X ratio for branches of the
analyzed power system

A DEF considers onlyiaginarypart of system energy
I Two componentsP-Angle Q-Voltage

A CDED considers bothalandimaginaryparts of systemenergy
I Fourcomponents:P-Angle Q-Voltage, QAngle, QVoltage

i Multiplier for new components (@ngle Q-Voltage) K is a function of R/X ratio of all
system components

I More accuratetheoretically but imposes difficulties for practical use

* P. Estevez, PMarchi, C. Gal ar z a, and M. El i zondo, ACompl ex Dissi pat
Source Locationbo, | EEE Tr an-gl44, $eptevder 2033 st . , vol . 37, no.
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CDE

Success rate of FO source identification

Evaluationin 240-bus WECC system

S - T |
BO [ e Gov 0.379Hz
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AModeling

AObservations

Increase oKincreasesuccess rate for FO
source inExciter

Increase of Keducessuccess rate foFO
source in Governor

Right selection of K is challenging
For K=0, CDEF=DEF

TABLE 1. R/X RATIO IN THE EASTERN INTERCONNECTION

i FO source with frequencies 0.379Hz and 0.614Hz
was injected at Excitatiorekgd and Governor
(Goy) of each generator, one at a time

i Challenging cases of resonance conditions
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Transmission element Min Average Max
Line 10-100 KV 0.080 0.469 1.252
Line 110-765 KV 0.042 0.215 0.666

Transformer 10-100 KV 0.002 0.0e0 0.254

Transformer 110-765 KV 0.003 0.032 0.106




CDEF in Frequen&omain

A Dissipating Energy components can be calculated in frequency domain by using
Cross Power Spectra Density (CPSD)
fPd @ -CPSER Y fiod B -CPSD Q) = W © %[CPSEQ P. Q) +CPSD,Q,V/; \

1+K*
doy -CPSQQ g d B CPSDP *
fPQd oy Qg P O .P) +K( CPSI Q.q) €PSD,;R W/, V)]

A Pros: Results for all f[egugncies IN one run; no bpaslsA filtering A i
Al 2yay ' ySSR (2 I OOldegtun thre br aksbale oS & U
procedure for 500+ PMUs

~~~ Dissipating Energy (DE) flow in transmission elements by CDEF ~~~ Dissipating Energy (DE) flow in transmission elements by CPSD

Line DE DEPF DEQV DEQF DEPV Line DE DE_Pva DEQV DEQVa DEPV
E -1 1019 0211 0115 0115 E -1 1012 0221 0117 0117
E V0432 0389 0.12 -0.039  -0.038 E V0416 0373 0122 -0.04 -0.039
E 0219  0.219 0.048  -0.025  -0.024 E 0.219 0219 0049  -0.025  -0.024
E 0.21 0.215 0.045  -0.025  -0.024 E 0.207 0211 0.047  -0.026 -0.024
£ 0171 0.202 0.025  -0.027  -0.029 E 0.175 0202 0029  -0.027 -0.029
r 0.12 0.115 0.007 0 -0.002 L -0.093 -0.092 0 0001 0

L -0.115  -0.112  -0.004  -0.001  0.001 P 0.092  0.091  0.00L 0 -0.001
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Oscillation Source Type ldentification*

A Basedon comparison of Power Spectra Density (PSD) magnitudestioe 6. = H 2 )
and reactive(s, = K@ ) powar all branches monitored biyMU

T If max(|]Sd) > max(|Sd) ¢ the source is Rype
T If max(J]Sg) < max(|Sd) ¢the source is Qype
T If max(]Sg) ~ max(|Sd) ¢ the source is Qype

=== Results of the Oscillation Source Type identification ===

|The source of oscillation is likely located in:JActive power control loop
PQratio = 2.7846e+00

Studied frequency = 1.0620 Hz

=== Results of the Oscillation Source Type identification ===

The source of oscillation is likely located in:|Voltage control loop
P/Qratio =0.45

Studied Frequency =0.195 Hz

* D. Osipov, SKonstantinopoulgs J . H.
Sources wusing
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0 FO source in the Governor

F{}is Fourier transform

Success rate in 24fus WECC system

FO source in the Exciter
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Dissipating Energy Pattern Recognition (PR)

A Ahumanmakes the source identification by looking at DE pattern visualized on
oneline diagram.

A DEPR links DE pattern in the network with specific Area/Substation/Generator as a
potential source of oscillation
I Removes theeedin analyzing DRattern by human
I Extends thesource localization beyond system observability by PMU

~~~ DE pattern recognition results
CDEF method: Source: Area=NEPEX (confidence=100%); Station=E P; Unit=E
Correlation between DE and DEtemplate with the highest rank is: 0.984

~~~ DE pattern recognition results

CDEF method: Source: Area=NYPP (confidence=100%):
Likely localized within substations: N, = ., ., . _5
Correlation between DE and DEtemplate with the highest Ia"lk is: 0.800
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Complimentary Analysis of SCADA data

A DEPR provides a ranked list of suspect substations

A OSL extracts $CADA data on MW erof all generators quated at these
adzoauliuoAzya YR LISNFZ2N¥Ya adl NAI O0Af Al @
I Increased visibility on source localization beyond system observability by PMU
I Limited efficiency due to low sampling rate in SCADA
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