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Abstract

Undesired loss of synchronization during faults, tripping due to incorrect estimation of phase
and frequency, unwanted control interactions, resonances, poorer transient responses, undesired
power sharing etc. are some of the pressing issues for large-scale integration of inverter interfaces.
Existing practices lack the correct mathematical models to analyze the power system phenom-
ena of new era. This work firstly develops the linear time-periodic (LTP) models for inverter to
grid synchronization. The new modeling principles are capable to demonstrate much wider issues
of stability and performance than conventional positive-sequence time-invariant (LTT) dynamic
models. Accordingly, the Floquet theory-based stability analysis is carried out for these mod-
els, in time- and frequency-domains. The decentralized control solutions are proposed for better
synchronization, better transient response, and better interaction with weak and unbalanced grid,
particularly during fault ride-through. All propositions are validated from theory, by offline and
real-time simulation case-studies as well as on the laboratory-scale experimental setup. This work
would be crucial asset for original equipment manufacturers (OEMs), for renewable integration
planning committees, and inverter response standardization efforts.

The major highlights of the work are summarized as follows:

(1) Unbalanced grid synchronization is thoroughly analyzed. A new recursive least squares based
solution is also proposed for the same.

(2) Dynamic LTP models for grid forming and grid feeding inverters, and the same for a master-
slave controlled microgrid are formulated.

(3) A stabilizing output feedback control is proposed using generalized Nyquist criterion for weak
and unbalanced grid interconnection of the inverter.

(4) Robust backstepping based output voltage control is proposed for improved transient response.

Key Words: Grid Synchronization, Linear Time-Periodic System, Weak Grid, Voltage Source

Converter, Decentralized Control.
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