PSLF Simulations
* Closed-loop PDCI control
— Feedback: Celilo, Sylmar frequency
— Gain sensitivity analysis
— Time delay sensitivity analysis
— Monitored reactive power
* Open-loop PDCI transfer functions
— Logarithmic chirp signal
— Compared PSLF to PDCI probe test results
— Evaluated: Celilo-Sylmar, BE50-Malin,BE50, CJ-PV



Time Domain Simulation Approach

<:>_’ (t-1) - Lowpass 4)I>L>

e Simulation test bed
— 2022 Light Spring WECC base case
— Chief Joseph brake insertion lasting 0.5 seconds

— PSLF frequency measurements (time derivative of voltage angle)
— Frequency difference measured between Celilo and Sylmar

— Feedback signal passed through a 15t order low pass filter with a 2 Hz
corner frequency (actual filter would be more sophisticated)



Performance Sensitivities

Sweep control gain holding transport delay fixed
— Transport delay of 70 ms from remote measurement
— Vary control gain between 0 — 4 MW/mHz
— Low pass filter with a 2 Hz corner frequency

Sweep transport delay holding control gain fixed
— Control gain of 2 MW/mHz held constant
— Vary transport delay between 0 — 400 ms
— Low pass filter with a 2 Hz corner frequency

Transport delay, control gain, and command signal
filtering all have an impact on performance



PDCI Real Power Command
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Real power (MW)

PDCI Real Power (ac)
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Celilo — Sylmar Frequency Difference
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Reactive Power (MVA)

Reactive Power at Celilo
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Voltage at Celilo
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Time Delay Sweep
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PDCI Real Power Command

Real power command (id_damp)
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Real power (MW)
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Reactive Power (MVA)

Reactive Power at Celilo

1150 -

1140 -

1130 -

—_
—_
(o)
<

—_
-
-
<

1100 -
— Td = 0.000
— Td =0.050
1090 ——Td =0.100
— Td =0.200
— Td = 0.400
1080 | | | | | | T T |
8 10 12 14 16 18 20 22 24 26

Time (sec)



Voltage at Celilo
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PDCI Chirp

* Developed three PSLF simulation options:

— Linear chirp
f(t) = fo+kt
— Log chirp
f(t) = fo+k*
— PDCI actual (from file)



Log Chirp
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Actual PDCI Chirp

input (green), output (red), PDCI command to Celilo ACpower ~ pg FBode plot
T T T I ‘ l I ‘

P
PDCI command to Celilo AC power

|

|

|

|

1

T
|

|

—=

’

Il

|

|

L

\
il

—

N

10
Frequency (Hz)
Frequency (Hz)

16



Celilo-Sylmar Feedback

PSLF (2015HS) vs. Actual Bode Plots
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BE50-MALN Feedback

PSLF (2015HS) vs. Actual Bode Plots

PSLF Bode plot
PDCI Celilo AC power to (BE-MALIN) delta f

Input = Celilo Total (MW)
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BE50 Feedback

PSLF (2015HS) vs. Actual Bode Plots

PSLF Bode plot
PDCI Celilo AC power to BIG EDDY delta f

Input = Celilo Total (MW)

Output = BE5S0 (Hz)
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CHJ5-PV50 Feedback

PSLF (2015HS) vs. Actual
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