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DYNAMIC PERFORMANCE ENHANCEMENT
OF WIND PENETRATED POWER SYSTEM
USING SMES AS VIRTUAL
SYNCHRONOUS GENERATOR

Abdnl W, Kumar,® MLD. Muafti,” and M.Y. Zargar”

Abstract

Thes paper analy=es the impact of supereonduct g magnetic snerpy
storage [SMES) ns oo virtunl synelronous penerslor {VSG) on
the transicnt stabilivy of the -.1.'i|1{|-|':|_-t|.|_-r_:-_:|_||:-|;| power SyaLcin, A
madified 18-machine, Th-bus, Sarca power system is simulalcd in
MATLAB Simulink eoviconmoent. Power eammand far the SMES-
VEG unit is generated from lrequeney deviation and rate of change
of Irequency devintion for contrelling the duty evele of SMES
chiopper. Svatem performance is asscsscd Tur vwo diflforent Lypes of
disturbances: o step wind pecrturbation and o three-phase falt in 1he
Wew England Test System (NETS) and the New York Power System
IXYPS) The simulation resulis shaw that both frequency deviation
and rate of change of ftequency deviation [ROCOT) are minimized
with SMES as VSG. The transient stability measured i Lerms of
eritical elearing time (CCT) verifies thar COT s camprehensively

mereased compared (o other topolegies of ShIES.
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1. Imtroduction

The penetration of renewable energy sonrces s growing
ragidly due 1o the depletion of fossil Faels, incrense in 4.'[Iu-:|
af fuels, inerease in power denane, ele, o exmnge,
China has an installed wind energy capneity of 221 Y
and s the loader in wind energy followed by 1he USA
with 9.0 OW. 1o other countries like Geonany. [ilia
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imnificant amount of power from renewahble

and Spain. a s :
cred to their power

CHCTEY Srees s planoed to he conne
svstenns Tor the wext two decacles.
 Wind andd photoveltaic (PV) power arc the most com-
monly wsed renewable encrgies. Hﬂnt‘fvﬂhlc‘ encrgy has
experienced fast technology growth, which contribuies 1o
their availability at considerably low cost [1]. The syn-
cliranons generators regnlate frequency instability cvents
due 1o inherent roter inertia aned damping characteristic.
as well as voltage contral [2], [3]. Suppose the power from
e wind T bas to be integrated oo the power systen,
As the wind wichine is deconpled [ram the gricd lrequency
due to the asynchronons generator, the system only gains
power with no inerila and no damping properbics. This
makes the system prone to Trequency deviations [4]. This
results in asystem prone 1o large frequency doviations
The conee]l ol virtial F},'ut'||:'|1|1n|:.~a HCIIt:I'H'lL‘-I.' t‘aﬂ;m arms
Lo enmtlate the belwionr of sviuclhronons gencrator (5G]
to stahilize the power systen [3]0 [6]. VSG consists of the
combination of energy stornge. inverter aned contral imech-
anism.  Energy storage can he nlteabatiery. supereapac-
itor, flywheel, supercondncting InAgNelic energy SLorage
(SMES) or battery. Among 1hese. SMES is a fast-acting
slorage deviee with almost zero power loss. SMES has a
bigh efficiency and alarge number of charge and discliarge
cyeles [T].

The reference output power command of SMES-VSG
i given as follows;

e
Pryg = MT' +hkpAw+ ke (10— 1) (n

where S = w - wy A wy i Lhe nominal frequency of the
gystein. ’

Che fivst terme i (1 eonulates the power that is
ahsorhed frelensed by 1] positive

il e L O negative frequency
:!Im. intion rnte (S5=1 8] Ky is the inertig emulating coeffi-
clent wd deterines e esponse tooa high rate of change
ol Treguueney deviation (ROCOF) x'nlun:'--:n I:I:r;.'-' will iﬁc‘
exclnnged only tluring trinsionts 'Jf-"i:au.,lu;c e S_L,rnl e i
fl'l.'ll'lll.'lll;':l.' B U TTRTT) steady stare, Alier elist lil‘htm{'; :;l the
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