| EEE Transactions on Power Electronics, vol.37, no.5, pp.5122-5137, May, 2022.

| nfluence of the phase-locked loop on the design of
microgridsformed by diesel generatorsand
grid-forming converters

D.P. Moran Rio; J. Roldan Pérez; M. Prodanovic; A. Garcia Cerrada

Abstract-

In recent years, Microgrids (MGs with renewable energy sources, diesel gen-sets
and droop-controlled converters have been increasingly used to guarantee the
continuity of power supply in remote areas. Renewable energy sour ces have been
typically connected to M Gs by using an electronic converter that featuresthe two
controllers: a current-control loop and a phase-locked loop (PLL . Stability issues
related to the PLL s application in electrical grids have already been addressed in
the literature, however, dynamic interactions in MGs caused by PLLs have not
been sufficiently explored. In this paper, a MG that includes a grid-feeding
voltage sour ce converter and a grid-forming device (diesel gen-set or converter is
studied. All network elements are modelled analytically and the eigenvalue and
participation-factor analyses are used to analyse the interactions between the
devices. It is demonstrated that MGs formed by diesel gen-sets have reduced
stability limits. Also, it is shown that stability margins of MGs formed by
droop-controlled converters can be improved by changing the control parameters
(eg. PLL and internal controllers bandwidths . The main findings and
conclusions are summarised and presented as a practical MG design guide.
Theoretical results are validated in a lab environment comprising two 15~kW
convertersand one 75~kW grid emulator.

Index Terms- Microgrid, Phase-Locked Loop, Current Control, Diesel
Generator, Droop Control, Small-Signal Analysis.

Due to copyright restriction we cannot distribute this content on the web. However,
clicking on the next link, authors will be able to distribute to you the full version of the

paper:
Request full paper to the authors

If you institution has a electronic subscription to IEEE Transactions on Power
Electronics, you can download the paper from the journa website:
Access to the Journal website

Citation:

Morén-Rio, D.P.; Roldan-Pérez, J.; Prodanovic, M.; Garcia-Cerrada, A. "Influence of
the phase-locked loop on the design of microgrids formed by diesel generators and
grid-forming converters', |IEEE Transactions on Power Electronics, vol.37, no.5,


https://intranet.iit.comillas.edu/publicacion/mostrar_publicacion_revista.php.en?id=1810
http://dx.doi.org/10.1109/TPEL.2021.3127310

pp.5122-5137, May, 2022.



