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Abstract:
Within the electric power ecosystem, monitoring and measuring technologies have greatly evolved. Yet, many
"smart grid" devices still struggle with fundamental capabilities, such as sufficient resolution. Telemetry data of
insufficient resolution will result in key patterns not being able to be discerned. Accordingly, multi-resolution
and higher resolution (more granular) telemetry data from power systems are needed to facilitate more
opportunities for utilizing a wider range of data analysis methods for detecting and analyzing complex events.
For example, the presence of power system interharmonics has not only introduced new classes of problems,
but also vibrations and oscillations, which can cause damage to conductors, insulators, armatures, and
powerline pylons and result in the collapse of an entire power transmission system. Oscillations are one of
the major issues within a power system (natural oscillations, particularly electromechanical, and transient
oscillations as well as forced oscillations have been particularly troublesome). Indeed, synchronous machine
generator in any kind of power plant are candidates for introducing the harmonics that feed into the power
system and cause power oscillations. Several issues pertaining to the power oscillation detection problem
have been recognized including the challenge to perform online tracking of power oscillation modes, the
speed of analysis, and noise detection and filtering fidelity during the power oscillation event. Moreover, in
order to detect some specific types of oscillations, it is necessary to measure interharmonic phasors along
with the prototypical synchrophasors. However, many phasor measurement units (PMUs) in the market are
not capable of measuring the interharmonic phasors. This paper delineates the need for advanced multi-
resolution/high-resolution telemetry data sensors for interharmonic and oscillation detection (i.e.
Subsynchronous oscillation detection units) within a Smart Grid implementati...
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I. Introduction
A primary concern of "smart grid" device manufacturers is the interoperability issue, where
various brands and a myriad of devices must be able to work together under common
protocols [1]-[3]. However, the resolution of very specific technical issues within an electric
power system (e.g. power oscillation issues) necessitates not only interoperability, but also
synchronization (e.g. timestamping) [4]; without a high degree of synchronization, the
degree of confidence in correlations and causations among the myriad of devices will be
greatly diminished. Yet, many "smart grid" devices do not contend with this criterion. Of
comparable concern is the issue of resolution. Telemetry data that has been painstakingly
monitored and measured should be of sufficient resolution; otherwise, key patterns will not
be able to be discerned. In particular, oscillations are one of the major issues in the power
system [5],[6]. In particular, natural oscillations, such as electromechanical and transient
oscillations as well as forced oscillations have been likely sources. Electromechanical
oscillation is caused by the interaction of rotating masses of generators’ rotors over the
network, and the ensuing oscillation frequencies range from 0.2–0.25 to 2–4 Hz [7].
Transient oscillation is caused by a disturbance, such as a fault, line trip, generator trip, or
load trip [8]. Generation is one of the key factors that need to be considered as pertains to
power oscillation. Conventional generation plants, such as hydro and thermal, can
introduce oscillation into the system. For example, when a hydro power plant may
experience "mechanical imbalance, hydraulic imbalance, misalignment, cavitations, turbine
instability, rough zone operation, improper lubrication of mechanical parts, defective
bearings, cracked/chipped blades, etc [9], it could lead to power oscillation in the system,
and the same applies for thermal power plants, when one or more of the resonant
frequencies of the turbine generator shaft coincides with the generator’s natural resonant
frequency, it will cause an oscillation in the system [10]. Alternative energy, such as wind
and solar, can also cause a power oscillation in the system. For wind farms, resonance
frequency between the turbine shaft and the natural frequency is the primary cause of the
oscillation [11]; for solar farms, harmonics and interharmonics are the primary cause. In
order to detect some specific types of oscillation, it is necessary to measure the
interharmonic phasors along with the typical synchrophasor [12]. However, the substantive
portion of phasor measurement units (PMU) in the market are not capable of measuring
the interharmonic phasors [12],[13]. Therein lies a punctuating point in the disturbance
monitoring equipment (DME) timeline; PMUs, and the associated phasor data
concentrators (PDCs) are no longer the flagship items of the DME ecosystem, as they are
not capable of detecting this new threat vector. Rather, subsynchronous oscillation
detection units (SSODU) represent the new flagship. This is a disruptive, tectonic shift in
the DME and smart grid ecosystem, as the technical requirements for SSODU necessitate
capabilities far beyond those of the prototypical PMU. This Section I provides an
introduction to the telemetry resolution issue as pertains to the power oscillation. The
remainder of this paper is organized as follows. Section II presents power oscillation
categories. Section III delineates the effects of harmonics, interharmonics, and
subharmonics. Section IV presents why both fundamental phasors and interharmonics are
needed for subsynchronous oscillation detection (SSO). Section V presents the
experimental case of an installed SSODU which successfully detected SSO. Section V
summarizes, via a conclusion.
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