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ARTICLE INFO ABSTRACT

Keyrmnds The concepr of virmual synchranous generator (VSG), which imitates the behavinur af & real synchronaus
ARy i e peneralon, 15 eonsidered a8 a solution for lack of inertin caused duc to imegration of renewable spurces,
Pursy logie Unlike mas of ke existing VS0 technigees, which nre based on the idea of infirile encrgy. this paper iakes ini

Flyw hpe! cogrgy slarage sysicn
adapime predictive congrn)
Froguacisy

conssderation the energy level of energy storage. This paper proposes a fuzzy hased ¥5G wopology 1o adjust VSG
parameters according 10 the magnide of perluibation while addressing the conshiains on key operational
pasafeters of encrgy storage. The proposed fuzzy loge rontraller (FLCY provides set point 1o an adaprive
predictive contraller, which in teen provides reference powes command 16 COCTEY StOrage. Particle swarm
optimization (FE0] s emplayed so that Mywheel energy sternge system [FESS) tracks any random reference
signal. To facilitae Y56 operation while addross ng operansaal limits, adaptive predictive controfler for FESS
it implemented. The FESS speed and converler power raling €onsirainls ane directly siated in the supervisory
cantredler developmsent, which are mostly mcludel inoan ad hoo way. For various disturbances, the ciliency of
the cantraller is validated in MATLARSimulink as well 28 i real-lime by means ol the OPAL-IT [GM4510)
device, The real-time simulations volldate U superice performonee of the proposed VEG- techiigue.

Various central techniguesssreategies for the usage of an cncrgy
storage syslem eperating on the concept of Y56 have been presenied

1. Intraduction

Rencwable energy sources (RESs) are being incorparated into the
power system o minimize harmiul gas emissions from the burning of
fossil Muels. Transmission losses are reduced and svstem reliability is im-
proved by integrating distributed generators (DGs)/BESS. On the other
hand, the decrease of system inertia deteriorates the performance of
power systems significantly, The influence of low inenia 2nd dampling
ellect on dynamic performance and stabiliny of power sysiem grows as
the penetration level of DGs/RESs rise. Power atcillatians awing o the
alternaling nature of RESs, as well as frequency regulation delerion-
lign, are some af the negative consequences caused due G0 miegration

in the literaters, For power systems connected (o weak grid networks,
Ref. [+] provides an joterective control that performs grid synchro-
nization un a rotating reference frame and combines VEG control to
improve svstem ingrtia ta withstand disturbanca. A Tuzzy controller for
generating virtval inertia to reduee the oscillations i AC microgrids
has been presenled in [ 7] The governor cutput is enhanced by adding
ang more term o improve the inerclal response, A VSG control siclegy
than coordinates the renewable generator with the ESS located on the
AC side in order 1o replicate the ingrial response af a symchronous

of RES: [1). The adding of virtual inertia 10 sich 3 power system
is one way o stahilize it A power electronics convener/inverier, an
energy storage and an appropriate control rechnigue can be used 1o
generte virtual inertia. A solution for virtually adding inertia 1o such
a pawer system is to give exira inertia, This concepl 1§ referred 1o
as 2 vinual synchronous generator [2]. Supereapacitors, ultrabattery.
superconducting magnetic energy storage and fywheels are all viabile
VSG allernalives. Ameng these, the Mywheel energy storage sysicm
[FESS) has featres such as frequent power eycling, st respanse tme
and long wseful life [-3].

" Corrspunding author,
Famrani] imelclress: Rl U U TR T AR PR IR Ty P e L] (AW, Kumar],

(CRHE RN LU TR I T i b P L e

Heveived 2 .'m;rw,-u 2022; Received In revised farm 22 June 2022 Avcepied T2 June 2022

221 3-1388/%) 2022 Elsevier Lrd. All rights reserver.

machine aceurately hos been demonstrated in [0 ], Ausiliary inemia has
been introduced anto the VSG governcor unit with an additional power
loop o increase convergence Bme amd dynnmic characieristics [ ).
To ensure the frequency stability of renewable cnergy sources gen-
eration integrated inta the power system, substantial Tocus has been
placed on primary freguency regulation for KES genceration: nnaged
by wirlal svachronous genergor |0 0L Inendal control strategy for
dynamic stalsiling anprovenieni wsing fzey logic Tor SUHETCI pacalons
in mulli-area microgrid clusiers has been presented in | ] Copiral
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