Ensuring Reliability using Forced
Oscillation Monitoring and
Mitigation
Ryan D. Quint, PhD, PE

Senior Manager, Advanced Analytics and Modeling

North American Reliability Corporation

NERC

: NORTH AMERICAN ELECTRIC
(1IEEE RELIABILITY CORPORATION
i L]




—————— -
NERC Reliability Guideline
+

\ NERC
fe=— =B
NORTH AMERICAN BLECTRIC
RELIABILITY CORPORATION

Reliability Guideline

Forced Oscillation Monitoring & Mitigation

September 2017

RELIABILITY | ACCOUNTABILITY

3353 Peachtree Road NE
Suite 600, North Tower
Atlanta, GA 30326

Power & Energy Society®




-
Characteristics of Oscillations

Characteristic System Forced
Natural property of electro- Not described by oscillation modes
I mechanical system; characterized | due to external forcing function
Oscillation Mode _ i _
by frequency, damping ratio, and | acting on system.
shape.
Forced oscillations are not described
Mode Shape !Explains hr.:nw parts of system by system mode sha.|pes; they have
interact with one another. response based oscillatory
characteristics.
Frequency at which oscillation is Can occur at any frequency; often
occurring; explains type of includes harmonic content of the
Frequency . I
phenomena occurring in the BPS | fundamental forced oscillation
depending on range. frequency.
: Typicall [ FO
Expresses how quickly an ypically very near zero sm.ce s
: . . . caused by an external persistent
Damping Ratio oscillation decays; tied to system | . _ _
i input signal; does not necessarily
stability. _
mean the system is unstable.
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Considerations

e Sources of forced oscillations: generation, load, controls
* Monitoring devices: PMUs, DFRs, DDRs

 Measurements: reporting rates, filtering, electrical
guantities, locations

* Interactions between system and forced oscillations —
widespread vs. localized
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Mitigating Measures

* Step 1: Identify occurrence of forced oscillation

e Step 2: Determine oscillation frequency and
magnitude

e Step 3: Determine “containment” of oscillation

e Step 4: Determine location or general proximity of
oscillation

e Step 5: Determine specific system component

oscillating
Detecting Characterizing Identifying
Oscillation Oscillation Source




Operational Tools
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Start Freq 3
Trigger On EU ]
Trigger Off 40

Max Email Per Hour 2

Max Email Per Day 30

EndFreq 15

Test Time
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PhasaiServer@oge.cam

Status: Running




Localized Forced Oscillations

Active Power
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Regional Forced Oscillations
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Wide-Area Forced Oscillations

FNET Data Display [6/17/2016 Event]
Time: 7:14:3.1 UTC 60.0212 Hz
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Real-World Scenario

. 1: Identif rren FNET Data Display [6/17/2016 Event]
Step 1: dentity occurrence Time: 7:14:3.1 UTC  60.0212 Hz

of forced oscillation
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* Step 2: Determine
oscillation frequency and
magnitude

* Step 3: Determine
“containment” of oscillation
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* Step 4: Determine location
or general proximity of
oscillation b

e Step 5: Determine specific
system component
oscillating
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Operating Plans
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