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di stributing electrical power. More qagbkcul arly) the present invention
relates to nethods and systens for nonitoring, protecting and controlling

an electrical power distribution network. BACKGROUND OF THE | NVENTI ON |t
is inportant to nonitor) provide protectli-on, and control systens which
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breakers arranged in a breaker-and-a-half system configuration is shown.
The protection schene includes, cuzrent transforners 14, 16, and 18, and

voltage tr r . | d be appreciated that FIG 1 is a single
l'ine reprezfgﬁiggﬁﬁ%ﬁz@##ﬁgﬁghase system The schene of FIG 1 thus
provides the folTipragnamdthiad RlAtd ©lshaietR FoCdikirduting Alebriéal piber.

t hr ee- phase currents ib;rom each set of current transforners 14, 16, and
18), and t hYlee-parsedanio thepresent inyenien redgtes tormathods ard sys@o)s.foFl G 1 furt her
i ncl udes indication . ired. pretection and netering,..includi,ng SOBF

[ i nst ant ane“&%’}c}%&}‘%r §r§?é;cgg§§n%§°ena oé m#%ﬁ’F%FEmSE%?%%Ft l%tﬁg?tlﬁn 13‘?{}3’03? eaker at
poi nts 24 and 26, 87T (current differential) transfornmer protection Z4

across main_transforner 22 (represented as 28), 50P (instantaneous phase
overcurrent§A BNRPF I Iéleoi nt 30, and a neasurenent of Watts

at point 32. FIG, .2 j I | i i eving
the desi red pr ot it Fire S R o808 prb B, ARE GO sSRend il PLL TP
_includes fidistibaetiettangowedmdianhg tdohniueehaysbeta wedlo3Rovidbitiedier ecei ve
inputs tomcurrent transtormers 14 and 16, 25 respectively, and

whi ch. provi%‘é‘?téﬁﬂsputs to a summ-ng neans 38. The SOBF protective rel ays
provi deyt he desi i lu i ' o0 I ided a
mul ti fgoncti on tr%"ﬁfg orgqrr%lﬁ %rﬁc}? éét ?gﬂg{eg‘ltt{g% 14'?8?“%?%@%33%@828?%%% 1segf rom

t he 27 JtorepodD SransfOrei¥vl ad6 wd cheiit brdakeds kbrbfigedint £reaker-anidva-igdf neans 38)
current transforner_ 18, and a voltage source ?0. The external mng nmeans
o
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vol tage data fromthe voltage transtorner via voltage sensor 47,
.recei ves suwsingdlinerepresentatibniefa three-phasessysternn Alhessehemnegf @GN A8 vi a

current.sensor. 44 recei vy current values firomthe curyent
ey e kides theTaflowe RS Sheseting SHE, (hh) PR, St RRSH CHFET S rer

di ff erent i afgroneban #PofiuP¥htiemstditndie sl IR0 2ROVEY, 2B HREL-PbsDYoREQCEH NY t he

vol tage received at voltage sensor 42 with the 'summed current val ues from
.t he ext er navolteg@e trensformers@@h FI168 .1 fetheiacludesimdicationy efrdesiredoprotastivnend r el ay

on°the sumiBaeBtEr BHABPR IBE FHRacs g B L Bk s R GHondRg
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sumed _current values fromthe external sunm ng neans 38 via current sensor
44 as Wl | zsofsmemn thesfonnerddt(represeniedras), IOP1(@nsiandancons phase overcumerty. The

transfornmer_protection r.elay 40 pical ly include i ngl.e digital signal
processor t%&ﬁg"ﬂﬂ%@é‘@géﬁ?%&%‘?@&ﬁ&?‘%ﬁg‘%@ ?X&%@Pgﬁ’%{g‘%’tl ve control
functions. FIG. 2k alkenv@itiefallreRly ByliSAoH BHadavEhg HédeifodiStofectiBn ad
external summ ng rrear?s,nt he raelraytyiagﬁunabl e t% det e%m' ne the indi vlildual

conponent s Betering goalmEHIGal- aTheatelaysapphicgtian igcludas Brst ashseqond 30BF scl oses a
mul t,' functi Sﬁte@{i% £ ;;.)}s\ﬁ% arngli'%,yw c%tr%cnc]iw\f'\@ in%r&ts from current transformers 14 and 16,

25 respectively, and which.provide outputs to a summing means 38. The S0BF

protective relays provide the desired breaker failure protection. There is also provided

a multifunction transformer protection relay 40, which receives inputs from the
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i npl enents a dual processing architecture, using a first di gttafes3%Ral
processor (DSP) to execute signal processing algorithnms, and using a
separate digi i.gnal processor for input/output data proc } 5

dual -portedwroagg{]géﬁ%?access menory (RAI1l~ is used to all ow thesgzggg)éltago"DSPs
to communi cate with each other. The protective 2~ relay selectively trips
and closes a circuit breaker at a generator or cogenerator site, or at 2
site which connects it to an electric utiljpty system U S. Patent 5, 828,576
di scl oses a power nonitoring apparatus and nethod with an object oriented
structure. | nékwEmrlshmmong rovans gl danesesinafoemgs ¢8, andactolege whirch20.e€hé ves

an electrical sjgnal and generatgs a digital si representi,n he 30 .
oot i cal o GRt ey Rtpd HERAD§ Sudef Sutriast i APHARET Yl dtiarles
and regi st ers,from 2t Fd3eBe31Bamhigch contain i nputs, outputs, and setup
information for the nodules. The function and c_onfyiggurati on of each

i ndi vi dual noni t or i i eRasfereice dHfemstieheptayetd repeiveewstage detaforinltee valtagen t he
device receiv I gh tal, signal as,Aan, Ln t i to
Goner at e reas B ouFLaL  Broted FnsdA Fosk OB b Ble OEEN BB A e e

paraneters freRieiie siBAfHE @tbaRAB RISt S8hidretd bnd fectivd Qitdny velasd frall e to
performnmetering in a power distribution system conventional protective

rel ays do not ariewjteat Erysipanentie pumert senser 66. Apisbowp i@ %, dgyjeansformer
requi rement fQgcQrot i o i t rent. i o
a5 Yotho Rl P RS i 5 Sl ot

i nstrunment trageiwdnevoliaed feasdroi2ngith tietseminig durgevateddrdn tHe &xtémbl Nes

rated current input. The wi de dynam c range also results in reduced
accuracy dhd FEEEHEE MEATS 48 FHENGTERS tFANHETRRNAre Ecuebeddysaraides the desired

m Ccr opr ocessor, Eite : A

condi tioning Pﬁ%{}?%t?%ﬁé%ﬁé&ﬁ%al ngi)%c?%;toﬁl\s/%ggdeﬁggéew c%gcuggﬁt provi de
rel atively acaouiuas érorrethereixtegndl Bumighe msanse3 s, ahd phsfdysithe désived tiansforimer

practice these, inputs are typically connected to relaying_class current
transformers CFfaRatA PretaeHon based et hoththe tyrumsd suaent yabiep frometheiegiemal

Rel ayi ng cl as L e o”;rlfg[; i I V, 999&? 8% Gin
appr oxi mat el y§%§/o" H-fetaﬁ{ggl%%m‘/{s rtts)s% cﬁ'e‘ﬁa ovyleemi%hg?rﬂ?lt] wou g e d%%?rrlgbl e
to be abll t o vikecurraar peser 46y Thenasfdranet pontearionyrejagi40tigpicailyainpindes a single
di stribution systemin a single relay, and it woul.d be further desjrable if
the. poi nts 1 IR ERAATBCTOkID PETORS HFERTSY BN EITE T TOBHS pEE tve
configurabl e Ryn@oluafétionsV T dBLId BelnofEihs: sl viersPstE @b &8 ahO
provide revenue-class netering in a protective relay to Sinplify
instal | ati on anémsystremingtmegngtheomlayasunable jor derertenatherindivciual/eompeinagtsuser
the ability to.easil rformrevenue class netering to verify the accuracy
of utility coﬁﬁ_ﬁﬁful?ﬁ%%‘é%{a V&‘ﬁ?/_enfti onal protective relays do not
adequat el) provi de (§ §epResEnsd, bi I diéfoseSMARK R of BRotAVENTIR PRy S8 waras ent
i nvention overconmes the above-noted deficiencies, and achieves additional
advant ages, bymplementsi andnal procesringarchixestpt.arsingabod digital sigeal progessari(PSP)
relay for nonitor.i a power di.stribution twor k. conprising: gn interface
T PireEos Peo o e n e b ekl Sapdl brosdhssr

el enent co_nneé?%’&':r. Ve _ _
confi gur ati on fedfpRsiepitafatdproessing! W éddlp¥rted rEdoitRchRimdroR (RAM) Rovwer
distribution network; a plurality of digital signal processing units within

t he protecti vasddpajiowthe sepagate JISPsitg pommynisateswith gacinether. Fheqrgisetiveo

receive te ¢ igqyration c nds_from the r,interfac nd t xecut e
he cont gar artior Sl Rasd Boaities g A Bk s AR E S B o fET P
of source poi &t &site whithteffecddR %o 4n diB&ric @kfitydeystdnh.on commands define source
points in a power distribution systemfromwhich electrical paraneters can

be derived. The deM-Setptentta82hi Gdiscloiesppew nmanitaring appasityy andmetwidng f or

a w de variety.of asuyr I r nd. nr j ARy ghin a
singl e devi ce%l@uarnﬁioé%? oﬁ%g@ﬁg%ﬂ%#ﬁ U |1p'lﬂg "8‘.5’8’?%%%&0’%%%%%{? %écl;’g%%%\#fs

al | ows the pr eihict revéivésirnsledtiicilaidnal Sid gneritss @dii?ﬂﬂ siiiab téphsenting @ddi ti on
to the protectjon, functions, by inplenenting a different dynam c range.

Accor di ng0t o .slsetrical sigrale Ebjests within qaply dexiceincludefiunntionn) medyles ad yegisters,
provi ded, the relay conprising at | east one central processing unit, the
central processing unit connected so as to receive input froma user, and
to provide protective control output to a power system at |east two
digital signal processing units connected to the central processing unit by
a data bus, each digital signal processing unit receiving power system data
frommultiple user-defined source points, and conbining the power system
data fromthe nultiple user-defined points, wherein the at |east one
central processing unit provides protective control output based on the
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enbodi nent of the present invention; FIG 4 is a diagramshow ng how a
relay according to the present invention can provide the probegh®ppgshene
ofr FIG 3; 27 June 2003 CVO 00/ 760.i7 PCTIUS0011~10-1 _j_FIG Jis a

di agram showi ng exenpl ary types of digital signal processing nodul es
suitable for use with the present invention; FIG 6 is a conceptual diagram
of an exenplary nethod for defining a cﬁ)nflgurabl e source point according

Lo an aspgih @6nt§|hQth§5&ﬂ% uts NARNE&tAP infaffatiohGor thel Module® MRPEMBliordaRgT am
er aspects of a configurable source point.

showi ng the_definin
DETAI LED qopfigyration @ﬁea@h eatppronitofipgdeNiERtan et ghanagmh | Atdeast @nednodule

pr ot ect i \GtHitraYdevice r‘é%éu\/é’éJ&eeélﬁ'im%igﬁa( 8§s dniinfut %ﬂaftﬁég?ﬁe?mgﬂr& thig2R8rate
f eeders, generators, etc.) power system it is often necessary to sum

several dlOe3Rd B@@ﬁ‘&t%s fqurﬁdd’FtPf‘é'r’@ﬁ@u'eﬁﬁ?%ﬂ?"qr?t&rf%@'ﬁﬁ' ametgrsoRmithe t he
net ac C%éggﬂ,}ec§¢@gﬁgtefr§ owng into the elenent to be protected. According
to one aspect of resent invention, the sumof certain current signals
can be defi ne()Wlﬂ)e El'-’u picalis desirabler oeperiasm metering & a powexk distriytion systeer s t o

a | ocal gio‘ﬁVéHti&Ealoero?é&d’/@Géla?é‘q{ooﬁotVQJ!éq%ﬂﬁlf'p@ﬁarln$ tﬁlﬂcft]nétloﬁ tringt gyPReieour ce
contains all of the signals required to define | oad or fault ‘at a

parti cul dangreauirgmeptier ﬁfﬁﬂ%ﬁ’t'oﬁy@t%tﬂ 260 dimes @tﬂ&’r%r% iwut gypieallynl AdRE or

more of tg)g ﬁ‘e@untsow aqeac{c%ﬁ &t aceLigeR! ffom (thé GestRfERE t@HEfORRESIn HleNGbrRraPhase
ground current) threephase voltages, and an auxiliary voltage. According to

one aspedfetgring fanger als@ie 1-5réctineoated currght nRKL. Jingrkide %?E‘FP FARee Al a

source Cadsh@ |Hrr@Mué&ldaéd%ré%ysérﬂﬂ}e%ofu%ﬁYor 188 M@éé&ﬁn@%@i‘éé RIbANERP(d. ?t e
grouping, ratio correction, sunmation, and other processi ntq i nt er nal

accor di ng’“'PE?%Qﬁ?ﬁ?@’u@ﬁ?'P@’ﬁ'gété‘c FQW@E,tebrWl mcl??daai‘ﬂ%@ copgitioping Gir Flﬁfﬂé)r nal

combi nat i \QyRjlB6tdIh %&ééllvegre%fy M%S%aﬁ' Stodbe abively aéélﬁétetrhét@nﬁgﬁtl%ﬁéﬂ
summat i on) i ndivid signals are still available to the re

avai | abi |q%enbfranﬁarmﬂrdnwts,ssngﬁarap%cedhpé%nn%fe are fypically CBB’FQQS?%‘O 5&1@”"@9 onal

cal cul at i g3 dufrdRttrafotmerstoGEnkalel that the F&8) pralidbs GHEGLRIE protddtioh RABYihPT M
addi tional protective features which are based on individual currents.

Ref er r i nlarewuiTenHragsfasmesfyically hayR @heecurasy otiarrroximatehodP%sy st em dat a

from confi gur abkglows Yrdne tROBBEE MaF RIWOUM beCdRBbIBNB QY BBIBIto Aerild oerSent
i nvention is shown, The arrangenent, and the desired protection and
met eri ng)sypgen'g data faq»m t"paYHeoINts on a power distribution system in a single relay, and it

would be further desirable if the points from which the power system data could be
derived were configurable by a user. Further, it would be desirable to be able to provide
revenue-class metering in a protective relay to simplify installation and system integration,
and to provide a protective relay user the ability to easily perform revenue class metering
to verify the accuracy of utility company charges. Conventional protective relays do not
adequately provide these capabilities.

SUMMARY OF THE INVENTION

The present invention overcomes the above-noted deficiencies, and achieves additional
advantages, by providing for, in an exemplary embodiment, a protective relay for
monitoring a power distribution network, comprising: an interface element connected to
receive configuration commands from a user, the configuration commands defining a
plurality of source points on the power distribution network; a plurality of digital signal
prbcessing units within the protective relay, the digital signal processing units arranged to
receive the configuration commands from the user interface and to execute the
configuration commands to monitor network parameters at the plurality of source points.



3 0 arrangenent shown in FIGS. 1-2; however, according to one aspect of the
pr.esent 27 June 2003 wo oon6oa~ Pcriusoonsioa -6 invention2apheredsty of
configurabl e source points are defined by a systemuser. As descri bed
above, each configurable source point can be defined as a point on the
power systemfromwhich it is desired tf derive certain power system data,
such as current val ues, voltage val ues,” power data, frequency val ues,

har noni cs, totFhe b@rmguraiusn domhints @efinesourty pointieih &l pdveerudistiiblitidhosystem

cxapl ¢ SR plechid) Perginelecs B i apieco e RpEd Rl oAl b Cortiione

current twigins ftee melay 14llcwing Yo hagidet variesf of m"asa:@d peramemns iapdr pcbte@tusmur ce

point 52 is sed current tran 16 an age. transfornmer 20)
oo - conttbaPRITEWERD & BngBidavcasF ndhathegiss Ol Palec gl gl Ristesser® 10
and 16, agllowelthe potadtive fdi&pdeerfofh VRN kladd metéthgl Beddditionfto the pridteztispur ce
point 56 js based on current éearg%%rner 18. The manner in which the

user-conftjf“B?H%Bi@"m@t'ﬂgla PEMiEdRN9ed by the user will be
expl ai ned i n nEécerdiRg & bn&tﬁéloéﬁspea & this Bbevrnaa m@@bﬂum@nscﬁro\mw akective

rel ay, acc rding tqQ an aspect of the present inven r ovi di n the
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respect i vgroyessihgeuritedyay déta bueCéaw\&ﬁguml §@ﬁ§lspr6®s€ingmmntré0enﬂng poweesylstem
performan i ntern of t ec rre omcurreg%ﬁtra sforrrers
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user - conf‘?a{ﬁc r@ﬁ?@@ﬁj‘p%s\l\go@ﬁ %O"ét?'g?f' PSS sygte qqﬁ%r m t he desired 50P
protection, anchosdmg)td)a:medempraw inBthod WF tiesnpreditandantion Cdbta @ah berdenisédr mer

68 ser onf r . rce nt. 56 o.performthe re
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protection Eurt t &gg:) .enment a];to gf I g ly] ternal summation
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val ues, ain ageitibn &spriokeztive fumptivnsatonoasoth&@tddukcef urt her, any point on the
power system can be configured as a data source for use in nmetering and

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be more fully understood upon reading the following
Detailed Description in conjunction with the accompanying drawings, in which like
reference indicia designate like elements, and in which:

FIG. 1 is a diagram of a conventional power system protection scheme;

FIG. 2 is a diagram of one implementation of providing desired protection for the
scheme of FIG. 1;

FIG. 3 is a diagram of a power system protection scheme according to one
embodiment of the present invention;

FIG. 4 is a diagram showing how a relay according to the present invention can
provide the protection scheme of FIG. 3;



~ protection, as will now be described in nore detail. Accor%i-{ rllldf‘et%oogne
“enbodi nent of the present invention, the relay 60 includes at |east two
digital signedoprésdessor nodul es) each of which is typically rdmisoedsioo
eight inputs due to Iimtations on packagi ng and processing resources. Each
di ?ital signal processor nodul e includes a bank of channels, each bank
consi sting of four 10 consecutive channels (e.g.) 1-4 or ~-8). In this

" enbodi nent, each bank is used to process -élata fromcurrent transforners,
vol tage transfornegs, O | ft dj t-0. one _enpodi of the
present invention, F?%’ea {?u lla%%él S&?gﬁ%%%&g%&%%%@é@s@&h@Egﬁ@awgeggége
connect ed by modeds catse fgeks hithpRepree@mavengad;i ons bus, and each DSP is
further in comunication with a central processing unit (CPL of the 1 ~
relay 60, which pr&i-dels aepnrsnted [diggsamean gsepplapcwsrhwdrier dginirst her

enbodi ment of c&ﬂ%uﬂb‘?@ﬁdﬁfgg{:iﬁe{ﬁ%icgﬁmgt Qeandd-spéc‘?ro?Mespfrg.l;e%YﬁwEét?od; And .

comuni cati on wth eac er over a tomruni cations networ al'l'owi ng t he
benefits of the prEEenk isiancantpnoal diagrive shpwlrigatle tefisinpodbeet kspects ef ay
network Referri n to FIG. ~, a conceptual rendering of various DSP
nmodul e 20 con?c?’glgtﬁ“é?%\i(v%%r%?m?‘z, 74) 76, and 78 is shown. In nodule 70,
channels 1-4. are assigned for current transforner data, and channels 5-8
are assigned for voltage transfornmer data. In the exanple of FIG 4,
channel s 1-3 D&TAIEEDRASCRIPTION OF PREPERRED BMBOPDRUENTNt transf or ner
data from current He%nst{.rre.r 1 user-confi%ur abl e data sour ,%‘39%” nt 60),
and channel 4 can He''§€eH 1%?§1°a°gp SritvEelayo yareys elemeas (C€o ormers,
addi tion CuUfif&n 1 Was) o5
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vol tage trans 8?’??5?“%"55?3 Efeggtr‘?obﬁrﬁfa{}lct@' 7S © %&cﬁpg%QE%rﬂrfﬁeﬂge bank
of used nodul RyentiBRdtHessudPof@ridf difirent Sighfltart BaAERIH HBa Gddf bEMNbource. In

transfornmer channels, and nodule 78 using its 27 June 2003 v~0 ounso. ~~
.. PcTr USOQOmuo~ thés eaptext, sohragmeless tae logicalbgrouping nf ferens andtod wbktage signalstssch
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nodul es, one each of nodul e nmodul e 70, and nodu 78, can be used for a
~ t hr ee- wi ndi fedlopingnapes aksignaly: thrge-phasomrisnisdsingletnhase goupe FuTeiidheecone of
t he wi ndi ngs i rs- - A r | eci at ed
that many apph s e At ol ARG o o SOGLFihARRLE

modul es. The awuzdtidnasly of tiersienalscalichenakeap, a foarceasaielppotidedwl d siogle iy

firoma éurrenf‘_transformer in a power transfornmer neutral-to-ground
connecti 8H. THRShPRFHRTRGHERIEAPTIALE SEHHDELS. AHOFOITSCRATH FHEENAMOB 1 IBF f or

ground fault o L Y{e] L 2 . S o
provi de a volﬁég%tsﬁ&lﬁgg%“ r?l:%oq‘éiéﬁ'\é r éﬁ?@ﬁ%@%i |%rys}§hggn€9y %n%é&\'/va ‘505?5
defini ng t he insenalcombirgitioahé proressiraso f\sdurcersigmal data xyalticer theak extdritalr ef er ence
to FIG 6. The current and voltage inpuyts . be, progr d hy, sel ecting
various set t i FEREHR0 HVIdusSiEn %FE@@@&SE‘H@?E@&%&%@%@ W S
through a usegdilidial ' i ' | he rel ay
60, I o e T B R Bt %5
assi gned2a sl wiculatigeatstraiftecugrent)iFt) to prinformi agditionhbprotdctive featurbsewhigh areped
into four setbs wat. re.then defined as F1, F4, FS and FS. Set F 1 consists
of channels 17256 GRPARIAEIICUREUSonsists of channel 4. Set F~ consists Of

channels ~, 6 and ﬁef%f&vm.gﬁt&%ﬁ%ﬁ%@%r&ied@ﬁm%@?s&ﬂeﬂdﬁaﬁme“h

?0 channel set (e.]., F4,” F~, "F8) can” have par anet erg., primary

and secondar yconfignehte sparaegwints acnoeding om oty prabodivent afjthe padsertsipventivnis
etc.) assigned within various ranges. t.he paraneters and ranges. sho in

1 G 6 ar e oA AHAPESREI G e SrOha olerten 51 meEsecE SEai dotie
configured byarAsskaehtRUoAnNAFEGS. 92 howh¥ef, @BcorliingBo RR8 26pLtbf BE bresent
transfornmer input (e.g.) F1) , a found current transfornmer ?~ input (e.g.,
F4), a phase voltage transformer input (e.g., F~), and an auxiliary input
(e.g., F8). It will be appreciated that is also possible to define a source
as the sum of any conbination of current transforners. It should be further
appreci ated that different values can be selected or displayed via the
relay or a comruni cations network associated with the relay. For 30

exanpl e, calculated quantities associated with actual current inputs can be
di spl ayed
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~u:tner, calculated quantities associated with each configured source,
;acludir.~V@bboﬁaﬁptities relat;,d to the source (such as phgéﬁmgmﬁﬁﬁﬁgs
and voltaa~s. neutral current, sequence quantities, power, eheny,

frequency, harnonic conten:~, can al so be displayed. Configurations
required for various elenents, such as phase t.:ne overcurrent elenents)
under h~equency el enents, synchroni zation-ghecking el eneru, transformer
differential, etc. are considered to be within the skill of the art and are
t her ef or e notnyehesent gldrdiey ef cordRueubll sf@irécopantswed definedyyecsysem tdee. psesent
I nvention, the inclusion of multiple DSPs in a single protective relay can
achi eve addi dF¥RREd @pays caantonfGUEMAIRUEFROING 3B PG dichged Av? BeRt eV Bitent of
revenue- cl ass et eridg sl , ks A parti.cul e.l.el.ay 60
can be proviggggaﬁfhﬂgégﬁégpgﬁq}ﬁ%%%ég%%quﬁﬁgéﬁmﬁ%oﬁgggﬁﬁg?g%%é%kgﬁgrent

t ransf or ner s chimentmaties| ng)age vabdsipoiwandat, freqpuehsy fanes haneedichmotalo
protectiaon-class current transforners for ?rotection. Thus,. a single
brotective r SFRPHAASRIART ot Capnian! frauenilames waro b predeie

line, transf %WIMSJO%S siem1 17 (RSBl Oovalif PIGAD AR RAIHIE sfexr at e
metering and proper protection in a single device. Since t%e Vol tage
transfor ner gyimadDas bamsdenicsreheraafement 4 aud voltagy teandfopmet 2@ tuserr, one set

of inputs can be used fox both._.To, provide revenue-cla tering in a
or ot 60t i ve 1 EPBYSUTRRE SBRCE REITIALT BIoES BRSURERTABSIcFRIeT Lo RV alA%80 can be
provided wt *ﬂraﬂst%ﬁﬁerfio,]Eugére&nﬁgﬁfaﬁfbtsohf&'b%ﬁrﬁrﬁ% bAsed JHreRt RERERSs M Lh a

dynam ¢ range suitable for netérin? (e.g., approximately O to 1.5-2 tinmes,
the rateld i ngod X6, sheclhppowpoltagedradyioomer2(, and ssaraonfigutabls soumetpoiit 5605

exanpl e, usinp' hi gher  burden K using ari,appropriate.interposi ng
current " t 1 anSFSR R LR PEPURer B AR e RuY HeR S ek PR aF FEPE REEA e
for the rel ayofis cahhfe dkiied B9thé miet ANl Be SRpIERRI PR Y-S d@thil bBRW.€l ay 60 can
then be used to select the reduced 2~ dynam c range input for revenue-class

met eri ng, and the FEGaAdhows an applicatiomel 2 ppoective relpy,cceerdingtoappspasaof tes.
In this manner, revenuye clLass terjn n rotection can be provided in a
si ngl e devi c@?dsﬂt@"@t{’s"ﬁobﬁ pé#’%’i’&ﬁ%ﬁ grogﬁcgggﬁg%megqnqgn%sgﬁgm%ﬂ on of the
arrangengnt afraiement of FIGF.Gn de rélay 60,aler@@s 4 R6ltasdaRnsor B2 UbAtekéivind

nmodul es) including a power 30 supply nodule 82, a central processing unit
(CPl's 84, di grkege wilupsdrom threeltasa frapsdemyer 202 md thiee QoL sensgrs(d), G660t
PCT/ Li S00/ 15304 -

rl%geiving current values from current transformers 14, 16, and 18, respectively.
The relay 60 includes processing circuitry suitable to perform an internal summation
of the current data from current transformers 14 and 16 to generate the data for the

20  user-configurable source point 54, and this data is combined with the voltage values
from voltage transformer 20 to perform the desired power metering. The summed
current data for the user-configurable source point $4 1s also used to perform the
desired 50P protection, and is combined with the current data from current

transformer 68 (user-configurable source point 56) to perform the desired 87T

3
wh

transformer protection. The current data from current transformers 14 and 16 (user-
configurable source points 50 and 52, respectively) are used by the processing
resources of the relay 60 to provide the desired 50BF breaker failure protection.

It should be appreciated that the implementation of the invention shown in FIG. 4
achieves numerous advantages over the conventional Emplemcntation of FIG. 2. For

30  example, in the implementation shown in FIG. 4, a éingle device (relay 60) performs



~nodul ~s S6 and 8S, digital input/output (1/CG nodules 92, a%dléne2003

conmuni cations nodule 9-1. The CPU 8.~ is the main processor for the rel ay)
DSPs 86 and Y88 0pf7éh#F de t he signal processing suitable for inpCanesgeisigst he
protection schene) the 110 nodul es 9? exchange inputs and outputs relating
to status and control information, and the conmuni cati ons nodul e 94
supports conmuni cati on using comuni cations formats such as Ethernet, HDLC
and UART. In this exanple, each nodule is @dperatively connected with a
hijh-speed data _bus 96 that ,provides communication between t.he les. In
the i npl ement ACTON B FILQ B! {Féll”f“a%jgtetcP‘%‘ﬁs#%ﬁ‘ﬁé’r[ﬂﬁﬂn@g@é“?h@ Og?@n‘g
current transhosngextAaAEenRes6¢bAdRtnHiR (RS AL eheBllay@orbasd 10
transforners 16 and 18 are associated w th DSP mgdu_re 88. "The nodul ar

i npl ement at i orGFIARRIGYsBM ¢Rig valyess @ wablee they coappotions.hatilh futhert dngrpodathe me

of FiG 4 in a_ single relay. |t should be fyrther appreciated that, while

t he exenpl aryog%% ?\Vr%rnsslgteébcc?&é’eﬁﬁggg%rggﬁs ﬁggtérsf)%réa?%ﬂsﬁ“}glg ECE a‘f‘g a

br eaker - ard- aphstkéudn ansiiphe® be BERLBEE iMook detftheme, the present invention
is not limted to such a protection schene. |Indeed, the benefits of the
present invention cESOBEIGPATIEEIROGiAEHIOS ke ATESeAT FIVEREET, theTelay §9 includes

protection, O'éh%ta_aef(votds{ e s%%131341’8&%%31‘%&%Lﬁg)smggchsc}?%lﬁm E‘??ﬂ;&ﬂw 1?;%@&1?0 .
control . To achieve certain-types of protection such as 15 Re protectlon, it
may be desi r akblight inpusydizhs difiiZeioROUE packiging ind dtdtesqity fekuit &y, |Bach dodhtal enot e
sources. Such 20 synchroni zation_can be achieved using known, t.echni ques.

One such t echAiggakProsesgesmpde tnclydes bpak of ¢hanaglacqach bark copsisHRS AL K on:
The Netwomnk Ti 048hne FE; Jr.ansact:i . ﬁ%gﬂp i | Qr: . 39) ,
no. 10, W%gt obggﬁsfgg[ﬁe pagees}s g%?;ﬁgﬁ?ag'séﬁggffﬁgo pI ng?%%ﬁ%d&tlggﬂe\réﬁéue

whi ch uses roprmbets dgpa fonecurzgt MESS@EGESs, tvolugencdns forinzs, od ieddfs emptych

cal cul ate the corr%?gi cati (ég}sh del ays.. Anot her technique is @_d,escri bed in
U S. Patent 576697408 PPNEFTHC4RNEL ofihe present v eRtionping muiiple figitalsignal
Dff tial o i i i i e | t

o “Throe PSS SHILEL SRR PR B L, BRSSO O

two or three transmssion I nes, t1ona

i npl ement at i oasd edcht DEP pr fasthedt inicomeminicationiwith ncauttabprbesssinghedk (OPIUD.of%he
shows a hQr.eaker,- and-a-.half schcnt whi ch i ncl udes a .t hree-w ndi 30

Cranst or T > S pAD PR BIoYEE 2 RUPtRCR oA s Ahooaiing K radiet FpOdimnt g
the three  2¢helitagn?Rendod) tRUifBQRAY refiyt/aXdo kit ficatibh WitH)@ich dther over a
transformer ?3 fleeds nvo separate lines,” one for current transformer 18 and
anot . ' ~er For comrmasmationsamyworkyalowig tie benefitssef the presentheventioh te-béaprieds
substantially sim]l ar. to . the schemes shot~~n in FIGS. 1-4. FIG 10 show s a
modul ar ar chi {22 PIFEWEIHEY BFFYOE~i npl ement protection in the .. scheme of

FIG 9 in a singl e Re@rdig nb® 1 FeG £aa36n6&ht@d] rérlderind @ vaib i a (K irddale DSP
nodul e 90 has rne_fpl aced one of the di gital 1/0 nodui’es 92 of FIG 8. In this
t

i npl enent?8t i oponfigusatians 7@n¥2,t7danG faod éris slwovits Iagsedila@dhanndls {1 Heare

i i onal i nBEg Ty csrems SR pRles e ] PRI SR 5 RS ened i wolBgl 57,

transformer 2gansfBridr@atal InshomGniple 6KENR|4aENanneR! 1e3es bd used fbothe @ireyi di ng
bul bar protection in a 6-feeder _section of a bulbar. In the inplepentation

shown i n FI G phases gf thecprent tomsformar daip fogocureens Fapsiomrer A4 (pyer-configyraklger s

101-106. Each L.S: | 1 C.Ur 1 =14 The
portion of thé‘%ﬁﬁﬁ%ﬁ%@?@%ﬁ%&iﬁaﬂhe %&gﬁﬁgéigﬁ-}%&?{;g @g raneslfféiF mer
114. In ©Be i sgdidordl cafremnranbionferd datd| & sithilar dhafnedl use sshefmeranbeansf ormers |

07-112 are configured as source points, and provide current neasurenents to

a relay 60. AEplemepied oy the deurivoHass Brnssermer phannglsdp madyls Bl 284 fof easlyr ce
poi nt, and prQyi t I l.t age and
Bor rent - meagurHiCor ok LRARIIARY AR hiplS. 1SR 2 esdith. APEREHEL 00
control, incl cairerg ttansfoanérachameds, aveiudei74 egsignd adakeninedsas wolgo ratsorimern

(~OBF)) differentjal bus ?0 protection (87B), and_undervoltage protection
(270 . FIG 196K TReRHIFaO adcH $acB Ay Loy OnF bark PuserTIQsivs: moAul

]
busb t EOR-SC I ' j d
cubstant 0l Ty SRPEAr T8 PRE T h ERG g ottty R Al st 357

receives inputs fromsources 114 and 107 in a first DSP nodul e, receives
inputs fiomsources 108 and 109 in a 2~ second DSP nodul e, receives inputs
fromsources 110 and 111 in a third DSP nodul e, and receives input from
source 112 in a fourth DSP nodul e. The relay 60 processes the information
as shown and perforns bus differential protection 87B based on the data
used to provide breaker failure protection SOBF for the current
transforners | 07-112. 27 June 2003




WO 001 76047 PCT/i ~S00/ 1510~ -12 FIG 13 sho~s a nodul ar dat r Phit2003
architecture solution for providing 12fe~dr busbar protection according to

one aspect ofqtohBeak €sent invention. In this inplenentation, ,Sjso o4
second relays 60 connected substantially as shown in FIG 13,%?1 tﬂe ?I rst

and second relays communi cate over a comrunications |ink 130, ~~~hicrl can
be a 10 negabits per second (Mps) Ethernet connection between the
comuni cati ons nodul es of the relays 60. Og.course, it will be appreciated

t hat ot her suitable connections can be used. Further, in the inplenentation
of FIG 13, each:r dfanhile a5 edlaaes t60is bomrumbdate sinvht kxemelaof cordimntaiamlody s

| 32 over communicati.ons |inks 1@, \Mai ch can be a 11 ~ kilobit per second
(Kbps) RS48~ ciofnectf¥Ally ry Bestere 15t WBrEUCHARCOBBIT Ve ViruaHy dny deeired
appar ent from e, {01800 38 dR3eiiRld Q-dfatanbRe RS %aanea.ntteﬂaﬁﬂp@,' thAs
sources to be configured by a uSer for 1nput to a relay or other
intelli?ent ellRsk moditesdend azeh OF EDHpleai?d mtokdelectty andmodutevidjeambe asdd/for a
increased protectian.schemes. Once.a source is configured, the netering,
pr ot ect i ol or EGRT OISR HIREN 6 O AR TGU ST By Py RAF ! Hded | n
the relay) can.igRg?ha®h bfeBk&Sarfi0a-hMPdirasisateht t ¥ shdildDe aPBbéc?a?é&rtﬁ_@t Ry

i ncludes three-phase voltage and three-phase current will automatically be
capabl e of pr cpplitaignp ovayrrequiteicsnidgan,cr ndrathanpthreeDSR moditlect i ve el enment

m ?ht have six timesovercurrent elements (T ich n,he used to
protect six point rsmg}f‘at‘ﬁ‘ ‘”56&5?“’?9%%’”‘2% “58$’ f????%"éﬂ“@@%’ %&Eﬁ%ﬁ?‘@%&%al‘}&mnt
assigned 10 O 1RnfoBfbr iPpd¥rtas RPmMEPReuRWRS o288 8BhncRtioh W hiEQhfRHRANBAL S
can be assigned to protect three points on the power system or the TOC
el enents thn owrhéewssrbtomrowide padsestiodi for giobnd &kt duentshAn ausidery volgagephputc an
al so be confi redlto gease\%rste r aw, dat a,or ht_deri ved data froma given,source.
The present invamti om &F FoReC PRRE8S & YAUREHRT U P A RIS 5B B ching ShEHS 2-
Wi I e the foreo way 8esstning iHehstredrifibasabl HRF 4 Switllodd lbég%ﬂﬂned with
specificities, it is to be understood that these are provided for purposes
of e:cpl anati dgafeeics to BHe Gar Ehanauranh et vidlipge tnputhean herprogwmspaedpy s¢lectng
invention. Th ol Bk d 2 L) | I | L, make
nuner ous nodi 1% ?agg‘?gl %%g%sgg{% iegx‘les‘lr:ﬁ)llngerr};/agg%a%éf#%%P g%%é&ec}slrct%%blgg agﬁ%{?e

Wi t hout dEpar tiherfadd 6ffa tdisprepofimidication wdtt iheRela@$00&h tHis exdenple)€acBO

following claims and their |egal equivalents. 27 June 2003 rwo 00;~SO. S~
PcT~soons~oa -B3F mpdulecopining chamelsqumbered InBtinaswignsd agdatiindingtontn-g. ih)a

ons-oa ¥z el 5ignSH aalatin
brotecti ve rol 2 PR B8 PR b 18 BHA: B B e Bthele B B4 TS,

data from a pland&Ri S¢t Bl comidts of Pannels; 1, $aid BNPetPasdwBisppagfatminl 4l Beeks at
the source points; and perform nagnetwork npnitoring _and control _in é_he h
S1ac

protective relQPHasEarBREE e 098 Jed el EWISHL PR St vehQvn ipFLG.

met hod of ;¢! aidgyd, el Rt i “31'3[%3{ i ydes; i f
digital s'l'dg:]nal prc?(l:ge%gg'%mgg%ﬁ%?ﬁzgﬁ%%ﬂg c a?t,fﬁgf(%“iﬂﬁgrelﬁ%gédg?g%?’of
configuring i rairenteshidsecoinegtiarf types; vokigeniahmrsaratiosirete) assigned avithip aardowst er s
associated with the_source point, 4. The net q__&& 8f claim 3, wherein Qne of
t he paramet er 22880 & PaRmAerh 2pd Enges s WTgBitlE- p arssalayolge. 20 5. The
nmet hod of claim ~, pigrelo ] ' f j

revenue-cl ass netering. 6?10 he %@2%%%@%%8%@3\%%?&%&5%& %garf‘ln?:(cr'%{hge
is | ess than apprcex),rapleky cdrrént tangfofmes inpe (e.ige 1t e grounduturrerit tratsfommedrhod

f claiml], wherei int is defined b f
curront | 1Fans (ERATS: ERD AEBRS e reor BFTEr SP e B AP Sy JE T

distribution g¥steg). It-will®e appreciated that is also possible to define a source as the sum of

any combination of current transformers.
It should be further appreciated that different values can be selected or
displayed via the relay or a communications network associated with the relay. For

30  example, calculated quantities associated with actual current inputs can be displayed



27 June 2003 ' O 001 76047 PCT/US00/ 15104 T 1 ' S. The met hod®of"M8%%3 |
"further cornprising the step of summing nultiple wstem paraneter levels in
the protectiweopmé@y. 9. The nethod of claim 1, further conprrci/mgpotbm4st ep
of conmmuni cating s~~stem paraneter |levea to a renote protective relay

devi ce over a communi cations netlvork. 10. A protective relay for
nonitoring a power distribution network, conprising: 10 an interface

el enent connected to receive configuration9connands fron1a user, the

configurati on“qungmf(olsqé}l@{ l‘s' rﬁr@ie:p é‘la@ 1=-td qu%nm?e%%s?ocxﬂ?& W ea&h&%rgfbﬁﬁ hin

di stribution Si sal ~processi

the protectiveouret ayuiuaxhe adlq@hﬁtah sexgﬁalko mma&&l(ﬁg:hwslpihas@wr&me&dto
receive the corlfi~uration conmands from1 ~ the user interface and to

execute the c6ﬁ?@&j&r%ﬂ@hc%mﬂmﬁ@%eﬂﬁ@qmlltlteﬁ)rpoﬁét m#t@vpgﬁamér@f@pmtﬁhe
plurality of %8}# dl’gl apstosoe %ﬂla Qed% ?L'S&Eloxn%qﬁ@écﬁyor(?/ gus?lelfré) %,%uce%eggq

the plurality o SFoCeSSar s Co

two or norse obhisae:np We&tl:drfe)ht elfen&ﬁur@:ﬁieeﬂemnm sleml:azs J)hﬁhﬂfn@iaﬁﬁﬁ-lcli&kl‘r@ ay
of claim 10, where| n the protective relay perforns protectlon f.or a power
syst em el emen€ em’?TPhE'a‘ﬁﬁfmefdiP@%me%tqt%rﬁf %@WF%%&@HW‘%@%@PWI@”

paraneters no hctl er‘*etﬁerPPbréH?toﬂE%Eeﬁlhe% ~al processing units. 13. The

protective re ay of clal m 10, erein the protective relay nonitors circuit
breaker failure basedomiing toex fuethenasieqpaf dnegresent imventiar, ¢k imglusioa ofi gi t al
sigial pr Oces?rllurl]gplgDSPs in %%mc'le protective relay can achieve additional significant
10 advantages, mcludmg the achievement of revenue-class metering in a protective relay.
In particular, the relay 60 can be provided with dedicated inputs to connect to
revenue-class current transformers for metening, in addition to inputs for connection
to protection-class current transformers for protection. Thus, a single protective relay
can be used for all three-phase applications (feeder, line, transformer, motor,

15 generator, etc.) and can provide accurate metering and proper protection in a single
device. Since the voltage transformer dynamic range is the same for metering and
protection, one set of inputs can be used for both.

To provide revenue-class metering in a protective relay, one of the multiple
DSP modules in the relay 60 can be provided with a set of three current transformer

20 input submodules with a dynamic range suitable for metering (e.g., approximately 0
to 1.5-2 times the rated input). The appropriate dynamic range can be implemented,
for example, using a higher burden, or by using ar appropnate interposing current
transformer. Additional circuitry remains substantially the same for the relay 60. The

user-configurable source points of the relay 60 can then be used to select the reduced

12
h

dymnarnic range input for revenue-class metering, and the standard wider range input
for protection applications. In this manner, revenue class metering and protection can
be provided in a single device.

FIG. 8 shows an example of a modular implementation of the arrangement of
FIG. 4. In FIG. 8, a relay 60 includes a piurality of modules, including a power
30 supply module 82, a central processing unit (CPU) 84, digital signal processing (DSP)



27 June 2003 CVO 401 76047 PCT/ US0011510~ -1~ 1 : : he protectl 292998 5y of
claim 10, wherein each digital signal processor i::cludes a plurality of

channel banks, ,£ag4y channel ban!~c storing processing data cqy: N~
to current transforners or vol;a~e transforners in the pomerOJ&T@P@%;a!l‘on

network. 1 ~. The protective relay of claim 10, wherein the interface is
provi ded through a central processing unit. 16. The protective relay of
claim 10, wherein at |east one of the plurglity of 10 digital signal
processors processes data fromone or nore source points within a dynamc
range to perfootulke8énne38| digtanmperourgur (/D) midualgeradt exd & vemmainiytiofs cl ai m
16, wherein the dynam¢ range is |ess than approximately 1.5-2.0 tinmes the
rated input. ﬁwdilg.ﬁ’ﬁﬁi‘ehepﬁ?%‘gé&wée FAINRFOfRSSY| gy meieﬁ,amﬁ%%%a@%% proyrdsl ity
of digital si k [ l.cat e r a

dedi cat ed corrgrrlgﬁllgélg{ P%EESSSE{{L%SLHQBI%SF iﬁlemﬁﬁg%%%}é’:%&;e?&% a%ﬂgl%lp’gtfl%%nﬁl&
wher ei n each obdtlee Splewclednigt ynrofts shdyowtalitsselgmed topmacessd cuntrohitfermation,

comruni cate with a central processing unit. 20. The protective rel ay of
cl ai m 19, DMeM e CRETREAIONS m@e@%@% PHPPQHS CORBHRFAN OB LSBS RPPFMUGEHARY o

central proceggsing s‘d@lhtas ethend: AP E P:{@U?@,Ti.vlﬁ th8leRYmPI¥CEach mBdule is
conmuni cati ons net wor K. 27 June 2003 ~i ~" O 001 76047 PCT/L; SOO 1~10.1 -1b

21. :~ met hodomrratpredy eswientpdpomies highsspend datdus A6 shap poiveddsi coexmglicagion
associated ~ith the po~| ~er stem conprisin e, steps of: .receij ower
Syetem cata 1 POHEHLIMEBPETES HHE MhAERR PR o E . YolREe Reissimer 2t fReetm
conbi ni ng theFl@.Vﬁﬁran&)éﬁFr@ﬁ@ eafs orfe? T4 aheadabdiftb P WBthUSSH nidRbic sy caesHtce

points in the protective relay; and providing protective control based on
t he conbilfed pawiormeysiéand s are &Bocidted motheDBP wodudd 88/, Theompditlet ng:  at

e e e SR B s DS el RS BP e RE RS °°
output to a pRVEdingle relay.

It should be further appreciated that, while the exemplary embodiments above
have been described with respect to a breaker-and-a-half transformer protection
scheme, the present invention is not limited to such a prdtcction scheme. Indeed, the
benefits of the present invention can be applied to achieve line protection, bus
protection, or other types of electrical power system monitoring and control. To
achieve certain types of protection such as line protection, it may be desirable to
synchronize power system data, particularly from remote sources. Such
20  synchronization can be achieved using known techniques. One such technique is
described in Mills, “Internet Time Synchronization: The Network Time Protocol,”
IEEFE Transactions on Communications, vol. 39, 1:10. 10, October 1991, pages 1482-93
(a so-called “ping-pong” technique which uses round-trip time tag messages to
synchronize clocks which calculate the communications delays. Another technique is
described in U.S. Patent 5,809,045 to Adamiak et al., entitled “Digital Current

38
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Differential System”, which uses information in the measured currents from two or
three transmission lines, and digital communication.
Additional implementations of the present invention will now be described.
FIG. 9 shows a breaker-and-a-half scheme which inchfdes a three-winding
30  transformer 23, which replaces the transformer 22 of FIGs. 1-4. Further, the three-



system at least ttvo digital signal processing units connec% \éur{ezqqr?
"central processing Ltntt by a data bus, each digital signal processing unit
recei ving po¥enogeidi em data fiomnul ti pI e user-defined sourceeqmusteasitand
conbi ning the power systemdata from21 ~ the nultiple user-defined source
points, wherein the at |east one central processing unit provides
protective control oumut based on the conbi ned power system data.

. AA As[ e. Ay. ASY. A. AR ALn. AR A . AL[. AN . A AQ. AH. AH. A&

+4A 0=hUCGH! #&& W c ca cal calcalca ajca
] ca] ca] ca] ca] caf! Eﬁa][t?alf L?é%ﬁf@ar‘ c‘%] iga]: Ich] 8[}3‘1] F‘"]ﬁm](”(a(‘;:t‘fﬁl‘ Lg?%‘fdl**
*GH++M . HRQBEE Bk current transformer 19 Otherwise, the scheme of FIG. 9 is substantially

2272}xsn| d Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca
] ca] ca] ca] ca] ea}lda]t@al]ec%; a]eéa%l@ar} B2 5H556] 667X88899A: :

- <>9@( By Bx CC* EK FOEXEE hehy] |
] ca] ca]( Cg.] )ca] ca] cgﬁ:&a Eg%ga]chfrca’]” ca%f:ga’ftg Fe% f{‘ﬂ]oga} @g% eﬂ%ﬁgﬂﬁﬁ%}xca cal ca
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|1|0;{)z #ig?;zlz ‘((&) ( ?glg.}'r:c% %%/Epf@%’ I(}‘é?iﬁ%gw&) %Z%w}l@c poxnts 1a.(1):1d provide current
measurements to a relay 60. Also, the voitage transformer 114 is configured as a
source point, and provide voltage measurements to the relay 60. These voltage and
current measurements are used by the relay 60 to implement protective control,
including instantaneous overcurrent breaker failure protection (50BF), differential bus

20  protection (87B), and undervoltage protection (27G).
FIG. 12 shows a modular architecture solution to implement the busbar

protection scheme of FIG. 11. In FIG. 12, the relay 60 is configured substantially
simmilar to that shown in FIG. 10, but the relay in FIG. 12 receives inputs from sources

114 and 107 in a first DSP module, receives inputs from sources 108 and 109 in a

(L8]
L

second DSP module, receives inputs from sources 110 and 111 in a third DSP
module, and receives input from source 112 in a fourth DSP module. The relay 60
processes the information as shown and performs bus differential protection 87B
based on the data used to provide breaker failure protection SOBF for the current

transformers 107-112.
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suitable connections can be used. Further, in the implementation of FIG. 13, each of
the relays 60 communicates with one of remote relays 132 over communications links
134, which can be a 115 kilobit per second (Kbps) RS485 connection, or other

10 suitable connectién.

It should be apparent from the foregoing description that the present invention
allows sources to be configured by a user for input to a relay or other intelligent
electronic device (IED), and thereby can provide greatly increaseq protection
schemes. Once a source is configured, the metering, protection, or control features of

- 15 the relay (typically hard-coded in the relay) can use a source as an input quantity.
Thus, any source that includes three-phase voltage and three-phase current will
automatically be capable of providing power metering for that source. A protective
element might have six time-overcurrent elements (TOCs) which can be used to
protect six points on the power system, or three TOC elements can be assigned to

20 protect two points on the power system, or two TOC elements can be assigned to
protect three points on the power system, or the TOC elements can otherwise be
suitably distributed. Further, oscillography can also be configured to measure raw
data or derived data from a given source. The present invention allows these and

other advantages to be achieved.

[ 3
w

While the foregoing description includes numerous details and specificities, it
is to be understood that these are provided for purposes of explanation only, and are
not intended to limit the scope of the invention. Those of ordinary skill in the art will
easily be able to make numerous modifications to the exemplary embodiments
described above without departing from the scope of the invention, as defined by the

30 following claims and their legal equivalents.
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sensing system parameter levels at the source points; and
performing network monitoring and control in the protective relay based on
the sensed system parameter levels.
10
2. The method of claim 1, wherein the protective relay includes a plurality of

digital signal processors.

3. The method of claim 1, wherein the step of configuring includes the step of

15  defining a source point and parameters associated with the source point.

4. The method of claim 3, wherein one of the parameters associated with the

source point is dynamic range.

20 5. The method of claim 4, wherein the dynamic range is defined to provide

revenue-class metering.

6. The method of claim 4, wherein the dynamic range is less than

approximately 1.5 to 2.0 times the rated input.

[R]
W

7. The method of claim 1, wherein each source point is defined based on one
or more of current transformers and voltage wransformers associated with the power

distribution system.

30
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9. The method of claim 1, further comprising the step of communicating

system parameter levels to a remote protective relay device over a communications

L

natwork.

10. A protective relay for monitoring a power distribution network,
comprising:

10 an interface element connected to receive configuration commands from a
user, the configuration commands defining a plurality of source points on the power
distribution network;

a plurality of digital signal processing units within the protective relay, the
digital signal processing units arranged to receive the configuration commands from

15 the user interface and to execute the configuration commands to monitor network

parameters at the plurality of source points.

11. The protective relay of claim 10, wherein the plurality of digital signal
processors combines power system data from two or more of the plurality of source

20 points.

12. The protective relay of claim 10, wherein the protective relay performs
protection for a power system element in the power distribution network based on the

network parameters monitored by the digital signal processing units.

13. The protective relay of claim 10, wherein the protective relay monitors
circuit breaker failure based on the network parameters monitored by the digital signal

processing units.
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includes a plurality of channel banks, each channel bank storing processing data
corresponding to current transformers or voliage transformers in the power

distribution network.

n

15. The protective relay of claim 10, wherein the interface is provided through

a central processing unit.

16. The protective relay of claim 10, wherein at least one of the plurality of
10 digital signal processors procésscs data from one or more source points within a

dynamic range to perform revenue-class metering.

17. The protective relay of claim 16, wherein the dynamic range is less than
approximately 1.5-2.0 times the rated input.
15 »
18. The protective relay of claim 10, wherein the plurality of digital signal
processing units communicate with one another over a dedicated communications

bus.

20 19. The protective relay of claim 18, wherein each of the plurality of digital

signal processing units communicate with a central processing unit.

20. The protective relay of claim 19, wherein the central processing unit
communicates with a remote central processing unit of a remote protective relay over

a communications network.
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combining the power system data from the multiple user-defined source points

L

in the protective relay; and

providing protective control based on the combined power system data.

22. A protective relay, comprising:
at least one central processing unit, the central processing unit connected so as
10 to receive input from a user, and to provide protective control output to a power
system,;
at least two digital signal processing units connected to the central processing
unit by a data bus, each digital signal processing unit receiving power system data
from multiple user-defined source points, and combining the power system data from
15 the multiple user-defined source points,
wherein the at least one central processing unit provides protective control

output based on the combined power system data.



