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In near future, power converters will be introduced into transmission grids on a large scale due to increase
of renewable energy sources. The control schemes of grid-connected inverters currently assume that there are
sufficient synchronous generators (SGs) in the grid for synchronization and integration of electric power. These
inverters are called “grid-following™ inverters. However, when grid-connected inverters significantly outnumber
SGs, there is a need for the “grid-forming” inverters to operate the transmission grid autonomously. These inverters
should generate AC voltages, share power each other, and emulate the inertia effect like SGs.

To satisfy these requirements, different control schemes for grid-forming inverters have been proposed in
the literature such as the droop control, virtual synchronous generator, and synchronverter for the power control,
and cascaded PI controller for the voltage regulation. This dissertation proposes two control schemes for grid-

forming inverters.

One control scheme is based on the dg domain for power and voltage control. the cascaded PI controller
has been often used for the voltage regulation. However, it is difficult to tune the control gains because of system
couplings and the controller’s bandwidths. This dissertation proposes a new controller based on the linear quadratic
regulator (LQR) for voltage regulation and shows comparisons of the performances between them by simulations.
It is also well known that the instability due to interactions between the grid-connected inverter and the grid is
sometimes observed. The stability is compared for the grid-forming inverters with both the cascaded PI controller
and LQR by the eigenvalue analysis and the impedance method.

The other control scheme is based on the af-domain. With this controller, active and reactive powers can
be controlled according to simple complex power control principles described only in the a8-domain. The control
system is described based on complex vector theory, which models the system as single input single output (SISO)
model so that the controller design is easier than dg- or af-multiple inputs multiple outputs (MIMO) models.
Controller gain tuning for both the outer power and the inner voltage regulator is also proposed; the power control
gains are tuned based on transfer functions around an operating point and the voltage regulator is tuned by the LQR.
The proposed control method is investigated and validated by simulations with a C control program and by
experiments with a DSP-based digital control system.



