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Low-frequency oscillations
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Focus of attention: understanding the physics of oscillatory
processes in complex power systems, detecting and
identifying the low-frequency modes, developing new
methods for detecting the source of oscillations, real-time
processing the large amounts of data, building the
computational infrastructure, automation of research.
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Detecting the source of LFO: damping torque of the generator,
wave propagation, phases of modes, oscillation energy,
comparison with the model, machine learning, and others.

DEF D a(avy)
VVU ~ f(ZTTAPUAdet + AQU m)

Angle [rad]

006 0.08 010 012 014 0.06 008 010 012 0.14
Frequency [Hz] Frequency [Hz]

The 2022 International Conference on Smart Grid Synchronized Measurements
and Analytics (SGSMA) | Split, Croatia, May 24-26, 2022 o



Examples of analysis
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Near the power plant

Stage 1. Detecting the direction of the
source by power lines PMU data.

Stage 2. Analysis the PMU data from
power plant and outgoing lines.
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Instantaneous current frequency

The instantaneous current frequency is determined When calculating
through values of difference of EMF synchrophasors of the instantaneous frequencies
power plant and power system and parameters of lines from current synchrophasors,
and transformer and affects voltages on substation buses. the direction to the LFO
' source can be obtained from L
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005 Scalable MSE: comparing the phases of oscillations on lines
outgoing from stations gives a picture of the propagation of

oscillations throughout the power system.

-0.1

@E S :R}E;TRUMENTAT,CR The 2022 International Conference on Smart Grid Synchronized Measurements
P =Y & MEASUREMENT and Analytics (SGSMA) | Split, Croatia, May 24-26, 2022 5



Signal decomposition

Electromechanical transients are characterized by amplitude
and phase modulation of current and voltage.

In both cases the signal can be presented as the sum of a
central component with a frequency of 50 (60) Hz and side
sinusoidal components.

x(t) = X, cos(27rf0 + <p(t))

@(t) = Kq cosmfat) + ¥

x(t) X

Signal with variable parameters can be replaced by the
constant parameter signals in analysis.

@(t) = 0.1 cos2m2t
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Such a decomposition will allow to obtain those
components of active and reactive power that directly
affect the amount of oscillation energy.
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Thank you for your attention!
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