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Abstract

The growing penetration of inverter-based energy resources in power grids is causing continuous
decrease in grid strengths, various new oscillation modes, systems interactions, and instability
issues. Lack of detailed electromagnetic transient (EMT) models of individual inverters, lack of
modeling and analysis experience with inverters with heterogeneous technologies, and lack of
traceability of observed oscillatory modes are some challenges faced by system operators. On the
contrary, key issues faced by inverter manufacturers include a lack of clear design guidelines from
system operators in terms of output impedance and contribution to system interactions. To address
some of the issues, this work firstly analyzes a single inverter-to-grid interface. Its model in time
and frequency domains is carried out to develop an easily implementable optimal state-feedback
control solution based on the linear quadratic regulator concept. Further, the work is extended
to generic power systems with multiple heterogeneous inverters, where the small-signal modeling
inaccuracies are identified and resolved by eliminating the need for fictitious parameters. The
system interactions amongst inverters, loads, and grid are analyzed and indicators are proposed to
quantify them. All propositions are validated from theory, by offline and real-time simulation case
studies, and on the laboratory-scale power hardware-in-loop (PHIL) setup. Potential applications
include accurate stability analysis, dynamic aggregation, coherency detection, oscillation source
detection, new resource integration compliance studies, etc. This work would be a crucial asset for

original equipment manufacturers (OEMs) as well as power system operators.

Key Words: Inverter-based Resources (IBRs), Small-Signal Stability, Weak Grid, Dynamic

Aggregation, System Interactions.
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