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Adaptive predictive control of a small
capacity SMES unit for improved frequency
control of a wind-diesel power system
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Abstract: Crergy storage o beconung ncreasiogly imporiant ke iselated power sysioms haring _D\"l#l'ﬂ‘ lowe inarlia, ﬁﬂﬂ\g
RETY ORI SROTANH divions. superconducling magaolic anergy slorigo (SMES) s most suited for improved frequency contral
o Eolated power systems, due 10 its outslanding advanlages. Howewver, a small raling SMES device has operational
constrants thereforn a sutable control stralegy s roquiied fos is profilable and constrained operation. An adaplive controller
whoh encapsalates on<hine senthcation with mogo progicive conligl 15 proposcd in Ihis paper. A recursive loast-squares
alaaathm moused 1o dentily & educod-order madel ol wind-gesel POWET SYSIEm an-hno, fBascd on (he dentiied model and a

e dssnete e model of SKES umit, an adaptve goneralized predictive control scheme (AGPC) considenng conslraints on
MES cumrent level and converter rating 15 lonmulated. The scheme yields a control signal which on ang hand keeps the system
feguenly devialions 1o munmum and on the other hand lorces the SMES dewvice 1o operale within and near ils operabional
cosstnunts lar prafitable operabon. Simulabion studios are perdformed lo ilustrate the polency of the propoased stralegy in

acheving all the control objecives.

1 Intreduction

Prome are many remate public communitics worldwsde wihich wne
s connected 10 the grd and clecirie power tw them is usinlly
wophad (rom diesel genentors. However, use of diesel incurs
nzvy fuel, wansponation and storage cosls Forunately, many
st ssolated areas have pood wind potential, thercfore wind power
geneTalon syslems can be installed and linked 10 the existing dicsel
geneTalar sots resulting in economic wind-dicsel power Aystems
Tte comtrel of power guulity in such systems s, however, a
challenging sk, The changing nature of generated wind power
aod mverall low system inertn wounbd adverscly affeor such power
aadzmms [ 2] These svstems, therclive. reauine suitable remedial
risasuros 15 onder o provide pood gquahity service o the comsuimers
Tast aztng encrgs storage devices ane muore appropoate condidotes
achaes ¢ s end |3, 4.

A superconducting magnctic encrgy storage (SMES) device is
cornadered to be 2n anractive enengy storupe device because of its
castanding sdvantages like guick response time, a significantly
b power densaty. very long life vime and high cyelic eMiciency
(5] s dvoamic performanee 8 much superior o other energy
storage devages, s operation and hie are nod affceied by the
et ol Crge deschange oy cles, wlibe Billery starags: sisieiis.
The applwation of the SMES doviee i paaser systenis lais Isewm

usder study simce the carly 1970 The pussible spphcativns of

SVIES e lude iramseent stability, dymamic stability. boad levelling.

Pt gquality improvement and sutematic gencration contro| [f=

K] Bor ampean ed freguency control of standalone power Sysiems’

macro-gnide, @ samall mating SMLS device cun be employed aﬂ

balfor sturage fr tramsient compensanon |9 ;

In frequency comrol apphcaton, severnl approaches ill'.l‘-_l-llll'-_.L
I

fuve boen wsed for desagning a controller for the SMES unit, Iny
[Hog an apphicanon ol an adaplive comrl sehieme based on e s
el alfine progection alporihm (SMAPAL was praopumed
T the SMES wnin. B bos Deen demmonsirated it with SMAPA-

hased silapiie controll SMES unats, the wind (aom's ooipod ¢in be

smothened casily avouding the huge effon fur fine iy ol the
comteller parameters. How ever, consimiie o0 upper and fower
valaes ol the SAILS cunrent Dave ol been considered

In [11], the wse of non-lncar newal adaplive predsctive eoninl
for scove power maodulaun of SMES was propeesed. Though
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limits on the control signal and thus the convener ratng have been
consichecd i am - manner. vet e scheme dhves ol consader
aiy constramts on the SMES cument level. The step [oud changes
ol Tl aagnstide ol 1" are comsndened aml ihere s no uranie
thal the schemse will ungtion properly with load changes of higher
aagniide.

[n [12]. a discrete time model of 8 power svsiem with SMES
wus developed and the effect of a small capacity SMES was
studied in relation 1o supplying a sudden active power reguiremen,
Howyver, the potency of the proposed scheme in tackling the
vinigus conmtrgd issues like non-violation of operanonal constrams
aof e SMIES wat and contwmoows control have nol been louched
amd e msmstrated

[n [13) sbapirve wmomatee generilion gomtnsl with SMFS s
|H|.'t-¢nlnl The seheine is ellectine m 1_|..|||||1-||:|F ol pver |-I“!wl'h_':h
and  tie-power  oacillations.  Though  there s provision  for
coiliniins contiol yel operational constraints of SMES ane no
considered i controller formulation. Moreover, the SMES unit
comsidered wses thynstor-hased wchnology which has o drwhback
of driining reactive power from e system while exchanging
active power with i

I 1AL a Gy Do contmlled SATS deviee w dmp the
frequeney escillabmns of @ mosana power svdem under logd
CACIES W p||11|m|_'d The  <umulitmn el andicate the
superiority. of the proposed  scheme  over the  conyentional
proportional wmegral (Pl} comwoller in damping the sysiem
. However, important contral ssues like the handlimg of
mants of SMES are not addressed in this work

| iciencics with the control schemes
il abavel. i this study, 2 novel
4l the SMES wni. The
e s Bialhons:

(b lhe |I.h.\|l-ln:‘ll':h' 4 nk
Tesgpal wrved wimall permarbion s, 3
(i} SMES is lorced 10 aperate near its constraints for effective and

A0 o aunimam botly under

profitnble openttion. o
(i) Power landied by the SMES conven

virlug -'
(W) SMES cumrent always remeing within o

aperalional oo i p _ il
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