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Abstract: 'l'hc k u e r  tlescribcs ;in ;iliprcxicii in n represc1it:itiun of 
transient bchiiviur clue 10 switching olf complcx noiiliiieai. circcuits. For 
t h i s  purposc the widely kiiowri Jilts iuodcl (J M) was implementcd into 
;iltcrnaiivc-I~aiisietir-plng~iitn (ATP). Cidculnlions Iiavc bccn m;irlc un 
siiiiplil'ietl transl'orincr single-phiisc aiid itwee-piiilsc circuits. 

Kcywortls: Jilcs tnorlcl, hystcrcsiis, AWEMTP, ovcrvullagc. 
Iritroclr~ctiuii: Sr) far ;igi~eut ainouiit ofrcscxcli has heell coriducted 

uii tha i-c.pioseiiluli~ii ofhystercsis bchiivior oi feimnagtietic niiitcri;ils. 
Anioiig ;ill incirlels, Jiles inntlcl (JM) 1 I takcs a significant pliicc in  rlic 
rcprcsenlalioii 01: dynamic hystcrcsis in rei-roiriagnetic mtcri i i ls. Sincc 
theeai'ly 1080s iniiny puhliC:huiis have heen writtcn xboiit the applica- 
tinii nf this model for  difl'crciii kiiirls 01' materials. Later it wiis showii 
that lhis iiiodcl coiiltl i i l w  bc 11scd I'm. i't?r,rorcsoniincc stiitlics 12 1. 

When switching ufl: t r m s  Frir iner iringnetizing ciii-rciits ihc on1 y lnorl 
that is seeti hy thc circuit brcokcr i s  t l ie t ixisfnrmcr corc, which i s  II 
noiiliiieni. intluctaricc. In ortlcr IO rcpresenl (he behavior of thc lwiis- 
lbrinei. core during switching ii i s  iiiipormnl t ha t  a riyniimic hysiercsis 
model bc incl~idctl intu lhc Lraiisl'ortner circuit. Aftcr tlic ti-wsroriiier is 
dc-cncrgizctl, tlic flux n o  longer follows thc 51) Ill, hysleresis ciirve atid 
cnrls with ii Icsirlual IIiix. 'The cnnsiclcratiun u f  this effect strongly in- 
Iliiciices the i.eleasetl magnctic cncrgy I~oin  h e  coi'e, which fiirthcr in- 
flucnces the geiieratctl ovcrvoltiigcs tluc in h " r r n e r  switching. 'Hie 
iLppi-oa.cIi iisetl in  this work provitlcs ~lic posritdity for stutlyiiig lhc 
triiiisicnts iii coinplex iionlinearcirciiits. A coiicrele exarriplc of thc tly- 
i i i i i i i ic fliix rlcciry iiiid gerierated overvoltigcs is preseiited. It i s  stiown 
that thc priixiiielers 0 1  ttic 1iystcrc.sis inorlel siiorigly affect the pciik 
iii iign et  isz i  iig currcnt. which i s  rcspoii s i  h I e for thc ni;i x i iiiiiin 

ovcrvnlhge level. Wc cunsidcr ii sycciiil case when iiii irlc;il chnpliing 
(wil l ioul ixigiiitiori) iii thc circuit hrcuker iukes placc. 

Tlic Tlicory nf tlic JM: Thc hysleresis crlkcr of any fcrrorn;giiclic 
iiialeiinl call bctlcscrihctl hrotigh I l i e  JM, givcii hy a first-order iiurilin- 
car tliff'crcntixl cqtiiiticul, wtiich cati bc sulvctl iuiiiwrically In give thc 
magnctisziiliim M ni. iiiagiietic field H if o w  or ihese pnratnetcrs is 
knowii. We LISI: the JM iii the following l imn: 

The cffcctivc llicltl i s  giveii hy 

'l'lie pul'ainerer S i n  ( 1 )  is: 

1 othctwix .  ! 
Thcrc art. three parmeters nppcaring in ( I  1, c (diniensiorilcss) is ;i 

raiin nf h e  initial norim1 tu thc i n i h l  aiiliysterctic susccptihilily, n: 
(tliineiirinnless) i s  ii  m a i l  Ficlrl piir:imeler i'eprescriting thc coupling he- 
iwccn tlic domilins, ;mtl k ( A h )  is a inenstire ofhystcrcsis. An increase 
or dccrcasc of the piu-itmeier h. leads to hord UI soft Iiysteresis, rcspcc- 
tivcly. If k = 0 then no hystcrcsis cxisls. hi- l l ie i~~ore,  tlic sli;ipc of thc 

hysleresis i s  tletcrmiticcl by iiii i i nhys tcdc  iii;i~:nctis~.;itioii M<,,, ( H ) .  11 
is, given by tlic cxpression 

whcrc M,(A/in) is a sutiiratinii tnngnctisaiition ancl rr(A/ni) is U I>itrillilc- 
tcr lhal sliows how Ihe anhysterctic miigiictization scrilcs wiih H , .  
liqiintioti ( I) i s  snlved 1)y i i ieaiis ofRungc-Kutt;i mcthotl dl ixirrh ordcr 
in urdcr i r r  calculate the mapnetization. Niimcric;il compiitatirm of (3) 
i111d its derivative at stnnll vrilucs oflfe / ci(llle / 01 < u.5) was otmitictl 
13s developing (3) in Tiiylor scrim in urdcr til iiviiid die prohlein of ciil- 

culaiing its v;iliic iiroiintl iIe = 0. Figurc I prcse1'11s Llic verintion of thc 
stcndy-state Iiystcrcsis for tli fl'creiii v;dtics or  ilic parnitietcr k. Onc 
could 5c.c tliitt an inci-ease nT this parninetcr Icads to n n  iiicrcilst: nT tlie 
hysieresir; losses. l'htis, rliffcrcnt sliiipcs of stciidy-slate liystcrcsis 
l o r p   ai^ uvailable. 'L'he clctcrminiirion of iill piiriinictcrh hi the JM is 
possible i f  we havc n mc;isurcrl liystcrcsis ourvc. The coiriplek procc- 
dure of pnrnmctcr cxtriiction I'rom cxlwiiireiital dula aiid p:ir;iinelcrs 
fnr snnie inagiietic tniltcriiils is givcn in [ I  1.  
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Applicatioii nf thc M~iclel: Thc irnplcinenmliori ni" the inode1 i n  
ATP i s  dnne by inexis ofnorilincar iiitlwtor TYPE-94 IS 1 ,  By inems or 
mi input vnllage at e x h  t i m  stcp, thc inrignclic Cliix ctensily is cdcti- 
lLIkd LIS 

whcrc I is  thc Icngth of thc miignctic flux path. This mcthod can be rc- 
pciitctl as ni:iny tirncs 21s the iiutnbcrof inorilinc;ir intliictnriccs iri thccir- 
cuit. The calcii1;ition w:i,< m d c  for thc siinplificrl trmsforincr circuit  
givcn iii Figiirc 2. Thc pxmnctcrs 011 (I) iiiitl the circuit ill 1:igiu.c 2 iirc 
given iii Tablc I . Thc c;ilcul;ition i s  tloiic fordiffcrciit v;~lucs ofp;il;unc- 
tcr (i. For thc stciidy-stiitc cast, ciilciil;itctl rcsiilts by ATF wcrc also 
chcckcrl 1iumcric;illy. h'cglccling fhc tr;iiisi'orincr losscs wc ciin writc 

1 
IVS 

n = - 1'( [I,, - U,, )d t  
(4) 

rvherc N is thc iuimber or iii111q, S is (lie cross section of fhc iiiiignctic 
cwc, " I I , ,  mid U,, ore the voltagcs of rhc intltictiincc ncdcs. Muglieti- 
A o n  i s  expressed as 

(7)  
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Tlic circuit brciikei. I:H is  sct to open ;il miixinial inngnetizirig currcnt 
in  phase R.  The results of l l ie r;iiiiulaled tlanstoriiicr fluxes, iri:igiietiz- 
ing ciiri~eriis, and thc ovcrvdtages afier rlc-cncrgiziiig 
Figure 6. 

Coiirlusiuii: Dirc tn lack o l  expcrimcrit;iI Icsiilis aiitl field lests, wc 
coniparccd oiir rcsulls with previous cxpcrimciil;il aud ai1nlytic;il cinaly- 
scs. lii 141 ;iii experinierital nw1siircIiicI1t of a clyriatnic l lux  dcciiy iind 
awikhirig overvolt;igc 01’ ii Iiihoinloi-y single-phasc tr;insformer was 
done, whereas [3 I tlc;ils wilti 311 iiiil’leiriciitntioii of t lw Preiwch inodel 
for tlnnsforiiicr triuisieiil .slt!dies. 

Tlic rcsulls preseiited iii this lctter NC in good ;igrecnielit with the rc- 
sults givcn i i i  lhcsc rcfcrciices. We believe that this ;~pproiicl~ C ~ I I  find ;1 
liirthcr inlcwsl i n  (lie calculatiriri of transient phcilolrieiia i i i  iietworks 
with ii grcxtcr iiiiinher of nonlinear clcnicnts. 

Hcrercnccs: 
[ I l1.C Jiles, et al., “Nuincrical dctcrinin;itic:)ii iiC liystercsis p;iram- 

ctcrs hr inodeliilg oluingrictic propcrtics usiiig ilic l1icor.y of feerroiniig- 
nclic I iyWxcis,” lEEE‘l ium.  M . q y c ~ . ,  vul. 28, pp. 27-35,Jnn. 1992. 

[ ? I  J . I I . H .  I k a r i ,  “Modeling thc r1yn;imics oliic~iil~iieai’iutliiclor cir- 
cuii,” I E W  7’rrirr.s. Mrigirel . ,  vul, 30, pp. 2795-280 I, Sept. 1994. 

131 M ,  Liiirlni;iycr;ind J. I Icliiicr, “A HysteresisMIodel for Triuisiciit 
Calculatiom,” prescriterl :it Furopcrm ATP-hM1P Meeting, Il;uinovcr, 
Ciei,inariy, 7-8 Nov. 1994. 

141 M.K. Bcrgcr, “Switching i )C Sinall Iriductivc Currciits,” Crpv 
~ h h ~ t ~ ~ r w ~  WC 13.02, pp. 454-460, 1963. 

1.51 L. Dulie. “How to Use MOt31I[.S-l3asctl User-Defined Nctwork 
Components i n  ATP,” plosciilctl nl IiM’I’P Closed Mccting, Rurlapcsl, 
1996. 

Copyright Statcmcnt: ISSN 0282- I724/00/$I0.00 Q 2000 IEI’IE. 
This pnper i s  publishcrl l icrciii i i i  Ils enrii,eiy, 

2001 International Conference 
on Developments 

in Power System Protection 
9- 12 April 

Amsterdam, The IVetlwlands 
The seventh International Conference on 

Oevelopinents in Power System Protection 
will be held in Amsterdam, The Netherlands, 
9-12 April 2001. The conference provides a 
forum for the presentation of papers and to 
enable discussions concerning recent devel- 
opments arid future trends in thedesign, ap- 
plication, and management of power SyStem 
protection and control systeins. The confer- 
ence is aimed at engineers involved with the 
application, use, management, design and 
development of power system protection re- 
lays and systems. This will include engineers 
working for electricity generation, transmis- 
sion and distribution companies, inanufac- 
turers, consultants and academia. 

For more information, contact the DPSP 
2001 Secretariat, Conference & Exhibition 
Services, Institution of Electrical Engineers, 
Savoy Place, Loridon WC2R OBL UK, +44 0 
20 7344 5472, FAX t.44 0 20 7240 8830, 
E-mail dpspZOOIBiee.org.tik, Web http:// 
www.iee.org.uk/Conf/. 

”- 

Novel EIicrgy-Based Lyapunov 
Function for Controllcd Powcr Systciiis 

YX. Sun, Y.H. Song, X. T.i 

Aiitlioi’ Affiliatinn: I3runel University, 11K; ‘ I ’higtiua Uriivcrsity, 
Chiiin. 

Alistmct: ‘I‘tiis M e r  first rlcrivcs 1l;iiiiiltoni;in cqii;~tiuii lor  ;I power 
system with cxcitntion control. A niotlil ictl cnergy-hiisetl LyitPtiIIOV 

[unction i s  t l ic i i  prcsentctl for hist tr;insient stithilily annlysis of coli- 
trollctl Imwei’ systems. 

Iritrorliictitrii: [t i s  widcly known ~ l i a ~  cxciliitioii cnritid plays iiii 
iinpnrtant role i i i  cn1i;iiicing smiill-sign;tl iriitl traiisielit rlability OF 
powcr systcms. Thc tr;iditiun:il mcthnil roi, miisiei i t  srability ;inrilysis 
of the cffccts of’ excitation syslcni on I lu iwie i i l  stahilily iinprovcmcnt is 
based oii stcp-by-stcp iwiiic.ric;il iiitcgralioil (eclilriques. With thc in- 
crcnscrl prcssiirc tu miixiiniec powcr traiisfers, elec(ric utilities iirc bc- 
iing pusticrl tu olicr;itc thcir sysleina iwiicli closci’ lo theii’ stability lii i i i is. 
Thus fhst triuisicnt stability annlysis incthorl h iser l  oil tratisiciit cncrgy 
l‘iinclioii (i.c,, direct method) lias bcen a signific;int tool in power sys- 
tcrn plimning, opcratiim, and cwiirol. 13iii.irig the past two dcc;itles, sig- 
nific;inr progrcss has heeii rnade iii practiciil npplic:itiuns riC direct 
iiicihod to tixnsienl clnhility analysis of power systcms. Scvernl majnr 
dimct incthixls Iiiivu heen prolmwerl [1:1, [ 21. Thcrc tiavc ;ilso beci i  sev- 
c ~ i l  i i t tcnipts [(I c x t d  the direct i i iel l iot l  to include excitiitiun ct i i i l ial  
systciu [3  1, hiit (hcse techniques Iinve only carrictl out i i n  iippl’oxiii>ntc 
cs~iino~ioii nf the el‘l’ectiveriess of cxcitation control oil Iriinsieiit stabil- 
ity. TIiclcTcr.e, iii l l i i s  papti., I‘irsl one inacliiiic curincctctl ttr iiii iiil‘iiiite 
bus system w i i h  exci inl ioi l  control h;is bcci i  convortcd into a 
1 [amiltoriinn system. Then :I modificrl cricrgy-biisc(1 I yapunov fiinc- 
lion i s  pi’escnted for fast tr;insicnt stitbility iiinnlysis ol‘coiilroltetl powcr 
systcms. 

Heview i)Ftlie blain Ilcsults of Haiiiiltoninn Systciii [ 4  I: A fnrced 
Hamiltuniiui systcrn cni1 bc clcsci4,etl as 

r1.r 

wlicrc x E M, ;I iiiiinii’old, 14, y 6 R”‘,  J ( x )  is a skew-symmctric iiinlrix 
arid dcfiiics ii g:ciicrulized Poisson bracket ori M .  K ( x )  i s  ii i~oniiegelivc 
syininc~ric inatrix arid defines n symructric briickct oil the slate tnniii- 
fold M. In goiicrill, (lie i-tiiiciiori H(x) rcprcscnts tlic total stoictl eiiergy. 
Its energy bill;i~~cc c m  bc writtcn iis 

wtierc tlic first tcrni oii thc right Iiiiiid icprcsciils h e  eiicrgy rlissipatitrn 
rluc tu thc rcsislivc clctnciits in the system ntid thc second tcm i s  the 
ptrwci- exieinslly r;iipplietl lo tlic systcm. 

According to Lyapunov stability (lcl’ii~itioii, the fiinclion H ( x )  i s  :I 
Lyaptinou fiinction for tlic eqiiil ihiiuiii x g  if the function I I (x ) l i : is  ;I 10- 
GII miniinti in at I I‘ i~r id d H  I dt < 0 is satisfictl. Thus for thc itiiibrcctl 
systein, that is  I I  = 0, thc total stoi-crl cncrgy I J ( . y )  i s  n l.yap1i1iov fmc-  
tioil foi. iiiveslignting rlie stability uf tlic cguililwiiim x S .  For the ibrccrl 
I la~ i i i l l o i~ ia i i  systciii, tlic forcctl cquilihi-ia -C$ nre Ihe solutions of 

In gciicrd, .r,s will not he B ininiiiiuiri (or cxtrcnium) id N( .u) .  Furtficr- 
niurc, inscrting i i  = Ti i n  (2) yields 


