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WD 2007/ 047162 PCT/ US2006/ 039169 A GROUND- FAULT
Cl RCUI T- | NTERRUPTER SYSTEM FOR THREE- PHASE 5
ELECTRI CAL PONER SYSTEMS BACKGROUND Field of the
ny i on The present invention relates generally to
(ﬁf“gﬁfﬂ%}éaul t Gircuit-Interrupter 10 (GFCl )Pg%féﬁﬁé",”m
and nore particularly to a new and i nproved G-Cl
systemfor alternating current, separately derived,
t hree- phase el ectrical power systens wherein neans

are provided for continuously nonitoring the current
bal ance conditions on the main power supply bus

su [ : LG
RPN T B Bl S L AR o
determ ned to exi T it rel ati onshi ps
bet ween the sensed currents in the main bus supply
lines and the sensed currents in any feeder circuit,
then t ircuit will be tripped and the
other%??%gﬁgéﬁapfl be inhibited fromtripping.

Di scu 1& Ne f the.grior Art 20 Prior art ground-fault
prote?ﬁrge-§§é¥%ﬂ%i%re i ntended to sense snal

di ffergnces in current in power nd ors.that

nor mal | B Pkl Blaes ke o CRodor s rendptemaptr
NEGFQTEs)ysteuseshditort paiiagedy ©fa rew ane ithprlov e G POEsysfent f6£

li.ne conductors to %r ound, thus deprjving the

nitsFRtipe EwFRI SERSFatel derbyed, ttcephase slseiriznl PodNer pistemseherein
VRbdrd afSiraRldSRr BomRbARESnorPoridEhe cfidd gﬁlgllﬁfﬁ%{)%dejﬁons on

current in the 25 conduCtors at a sensor.
dfhe preirenpiea suppls pusisueplnliecs sed omeash feedprritgrie dermertnd thetito,
| ﬁfé% the e@@d’i’%{&t bé‘%ﬁ]tq{oﬂ&hbry lfs %léﬂe%ﬁﬁé’d tto%x{st Pa¥%d on certain
uni nt errupted. wever, | ITterential currents
sislatibabhips batweed the sensed atreatspin the etadr bisrsepply linessind it

f ough tine.. the circuit 1S i.aferrupted,
<P P AR ke i o P G G SR PRl i e
ofthericireuitsatill ba ixhibifpd fhapsippisgn a serious shock to a
human being is occurring. 30 Spurious signals often
cause ground-fault interrupters to be confused with
real fault currents. For exanple, power |ine

t r ansilistussiepofthelPiiot saydden | oad changes, or
lulnggzztr%'gg?‘{t/ gﬁ%ﬁﬁ%?ﬁtrr%? h e(ﬁ:lf%g“»_ ' ate intended qusense small

differences in current in power conductors that normally carry balanced currents.

Such differences may be caused by leakages of current from one of the line
conductors to ground, thus depriving the neutral conductor of some of the normal
current that would establish a balance, or zero difference, in current in the
conductors at a sensor. If the differential currents are below certain predetermined
levels, power is normally allowed to fiow uninterrupted. However, if differential
currents should occur that exceed a predetermined threshold for a long enough time,
the circuit is interrupted, since it is then probable that an incipient failure of
insulation or perhaps even a serious shock to 4 human being is occurring,

Spurious signals of.te'n cause ground-fault interrupters to be confused with
real fault currents, For example, power line transients caused by sudden load

changes, or lightning induced surges, can give rise to unnecessary line tripping in
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WD 2007/ 047162 PCT/ US2006/ 039169 ground-fault
interrupter systens. Since such disconnections of the
circuits interfere wth efficient system operation,

W'ﬁ’gg* 1,11%% unusual to find that intol erance E’%?‘F@%&GIHSMGQ
cause

d the users of such equi pnent to es
sensitivity specifications at dangerously high
| evel s. A steady-state spurious signal frequently
experienced in 5 three-phase electrical power
SY S be0Bd-fault dnterdypiedisyitaths. Shee sueh discomections! ofirhe ﬂirailts interfere
| east e of several, downstream

can v oEiHreeysBy oo TLaBr@TRBALLO g dhat ipleigpoe théreto has

di sgdedEhd Rt 1o @ﬁaﬂisﬁﬂexﬁﬁ@ﬁ? bpcRifzatidi@ At as
t hose usedto avoi d mage to ] oad ut| i zati on

equfipngepsiypish devsls. éf@@ B FRUEGRS Hgpal Bequepily gperienced in
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true Tault on 't [ine. It can thus be 10 said
| nt emarqucvemi dowstichm fesdedines. Thisnan he causeslby dlpng cable to aload,

T it S B0t ined BBl S HAPLIAp avoid
Sy stlaimge to loadsaﬁlmadoxb mummﬂzlt bppdwer oy stek mﬂgagb vrged, brchyi dimilar

i S e P SR Gl ot bl po ine s o e

havaidiihbf igteRiptice B S caaﬁk br@aght at@hﬂ&}r 4 k19 tind-Plt detector and
different |levels of current n? e I.n the sg\j]plg/t
contHfEBieE sysiem op gAufes tagf PFOYR{0 ?f&‘@ y<§ cause the'system fo

CONR&SAN bY Bkadldabig Breakid@ ihel chrehiP witBoht tHefocBurrence of a true fault, are
conmparatively lafrge ground-fault current flows, the

sy st piisanproyidimyst bp By edufxéwgrm altops hawsl djtferenisansgs and
GF
Cant glt@&ﬁeggélebélfqtﬂtsc%ﬁ ﬁgﬁ%%l&gb%glgﬂlg géplgéf%fdﬁ rs. If the

operat ng above 1
| | nerteot kxibakenceGs noreparatonky highz Glat isap gyl Hatcomparativaly Iarge

BL:M%?“*IE@%f% R 55 SRR B B BRFonc BN 00 bty
Vol 1 <"t MpTELARCE eefthla i LG

phagtevé mﬂﬁtﬂﬁ ¢ine ¥ pohnd HreRs6 valiniinenmline. Conventional GFCI

vol t age- 1 o- gr ound Bﬂ?{yr?églg‘ﬁl ) émg?a é’h?%uf?tsae%ﬁotvé’ké’%ﬁﬁ%’mms

t hewnBg e ts Qfa thire-phaasiliplededlsndifiui Gy fdth bpdHhingObove
the wunfaulted phases of the non-affected feeders can

easmwoﬂté-gcawan i sysieras xategdy0Qjor #30eplts phaseo-physgywhich
pr 9 a;%@anaﬁﬁa?%ﬁ%efﬁgﬂﬁh& ofﬁ%qna 277 BRI, fépéaﬁ&e@ mqmase

emon systens rated bel ow 125 volts to gfound
(e.ig faultad zzmmlr@oﬂmmagngngf desapasiive ghargimg sprrenys on the
208
2Oy Yty I ISR I e o Sy kel B i
con'tfaisd l_mnp" ihemghiafiedtedfepdonst GFee This 1060 afcemimontpooblem on
r essl'}lllsttemls rr1a1ted below 125 volts to ground (e.g., a 240-120 volt single-phase system or
a 208Y/120 volt three-phase system), because it takes an exceptionally long feeder
circuit (with a circuit conductor length of approximately 1000 feet) to result in a

capacitive charging current above the GFCI trip level of 4 to 6 mA.

A common veltage used for lighting circuits in the United States is 277 volts
phase-to-ground (or phase-to-neutral), which is the voliage to ground or neutral that
exists for all three-phase electrical systems rated 480 volis phase-to-phase (except
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capaci tive charging current above the GFCl trip |evel
of 4 to 6 mM. 30 A common voltage used for lighting
circuits in the United States is 277 volts
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o ground or neutral that exists fo
t hr ee- phase el ectrical systens rated 480 volts
phase-t o- phase (except -2 WD 2007/047162
PCT/ US2006/ 039169 wunusual "corner grounded”

S Iy Sin@4¥8) “cotnbr goﬁntﬁﬁt@lstgﬁiﬂ. g&i typitall situstioni i !ying sossibe

el ectrocutio i.ndi vj dua 0 eting. .

gr GHRsHORRELP P few@m {ATB mﬁ%ﬁt trchiCiprpugh bis bods.,
NOtdeRh Qs ol SdcBNfnRARRAMEDhy, bbtlfemﬂﬁ sidsi SreiBFoin Afnttvklar
fromventricul ar flbrlllatlon The hlgher t he

el dirillaan: Thyhighr tharplectrpgniing BB the sherter thetime, in yhich

S \RhNbh ﬁr”ﬁlﬁ'fllaﬁb %dc{ulsa@éls 295 &ceﬂﬂﬁé Hﬂnﬂ'@od 5$s|fktance at

percentl human st ance

( r €080 witse{renf@@crcm@ a‘$w419 1,Fourth BdIEdm,tJPWﬂOOM“}IdSZ@UEX"

an alégg)a?f"ﬁ dgtatno ?fjl'(]?@?@g?%} (ﬁgﬁ%%g& o#f%.q Rf; an

ex aills eAs ddeXatnpleeit lovasi stisiae, a dry dand-todhel-redstirse of 945 -

t f 945 I
e LT I T ]
10 d?bz??@myﬂabaﬁy hahfo-Bénd rbyidashct B-190m Bhrhearidthadgiand-to-foot
1900 ohns and the dri hand-tQ-foot resistan :
:ine%ci o—haand

appresaaisapprozmatels ) obasi Heng hewaerdances
h af}@ségx&cla anedoo Bﬁxﬁé SIrAREERdS B aiRRAY cORE ARG wma@nﬁ@es

y current flow of® 146 m |1 anperes

vol(pdget ofolaggofBi7tvelts. THe haadrin-fost ire‘@}ét@nqeé& .szoaw of

‘17%‘8{;9% dgﬁ{?%ﬁc‘?f'@ﬂggﬁn%ﬂf‘lﬁé‘!@ ﬁé‘{dl%@é oifiﬁ%ﬁ; Elér of

i | [thest ilhsieated bv&!k of ayreniffovene SMWI@W@‘DQY@GM thrftshﬂti lofj 6 mA
above the thres h

O e PR DOl aty o B oS, £FASRN cffhzca
enehgdued. 16 daglubdse inaghlmdfaﬁcﬁﬁcpn'eﬂlt&mereﬂmignm Vtennimslanﬁbﬂllation of

current resulf in ve t.ic I f |IIat of .
© heheisar SF e crat Bow PerERrhairBs bbbt PRt pingimately
bodhe E&Bndr% fact, Ay BPME ebebi@itiby deathd @xsepieided toda are at the
fact, many of the el ectrocution deaths experi enced

t oy veltlevek the 20 277 volt level. Ventri cul ar

fibrillation is thus considered to be the
rre chani Menticulgefbrilatipp isthpsgongfcred ip; %6 Ahe mgpig lng,g}mngsm of death

% 'fdmg lé[ i %1 a'e&hédt@t Vakidues %ﬁﬁatfomseu&pﬁsﬂﬁ sﬁbﬂl&c@%ﬁts
hro eart

I'n excess of B rOX|nateI A
p u Uhnosgieﬂie beECN BEcB9ai/Ppioximately A8 mAEdi nubbnhedﬂﬁq/'l‘s 60479-1,

du %‘SH'tg Fﬁ% J%R) ZOtOISﬁElg&r%' b6 Eithe-Blrdht H18f foY HrloRY Embldiition
exposures of current flow though the body (for current flow ranging from
approximately 40 mA to 1500 mA), depicts a set of probability curves (ranging from
a “threshold risk” up to 50% probability) for experiencing ventricular fibrillation. As

suggested above, the duration of the shock is a key factor. According to IECTS
60479-1, “For shock durations below 0.1 s, fibrillation may occur for cuﬁent
magnitudés above 500 mA, and is likely to occur for current magnitudes in the order
of several amperes only if the shock falls within the vulnerable period. For shocks of

such intensities and durations longer than one cardiac cycle, reversible cardiac arrest
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25 exposures of current flow though the body (for
current flow ranging from approximately 40 mA to
1500 mA), depicts a set of probability curves

I i from a "threshold risk™ up to 50%
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ty) for experiencing ventricular
fibrillation. As suggested above, the duration of
the shock is a key factor. According to EEC TS
60479-1, "For shock durations below 0.1 s,
f i hhiyl beadziged.” ngdivamlly, “Tbe velnemela perd@d oveg idiningethe first part of

abo is Li kel .occur fo CULS € .
ook Tme I the BRdrashrgeretn, i S A imteb b e pardiac

t hesygleQek A goblswill iddinecebdagilvrebuan @b]@ctﬂﬁ:ﬁﬁ@ﬂfor @ty currents of

shocks of . such i ntens ties and duration gﬁlg

onePda serend ampEest the pliaeeiSpwee [SAFReved qH10 saem Iﬁﬁastef

20044 %&é@?ou?@é féﬁ%@&ﬁfr&ﬁ A eBon, TRYleR8ikeBURRSicular fibrillation

Additionally he vul nerabl e peri od occurs duri n

t hémﬂlOP@ltr Yitcubse SbrHeion.ofln feasiordhih upless prompt m
el SRLLAARLIL SEAN G HNEER ol ARRLAIERRRAISY 10% of the

car |ac cyc not necessarily

result r I L S

o severf 1 ﬁﬁerﬁéh%%l PR R o GECTYT Blpintfourve

q uifokihy thm;hoig tSA ﬁibba‘tﬁlay bE vexﬁmtﬂm fibgllatapdoslefidend-t-foot
d.froma he ] ess ventricul ar

£+ oo bR RS b S b Pprestet s BB O

often |l eads to death unl ess pron'pt medi cal

interventionisinitiated(i e., CPR, followed by

defibrillatigp) T nt pal El ectrotechni cal

Conmi ssi on (%EC) ﬂgﬁﬂl{)- @j curve for the

t hreshol 5% probability of ventricular fibrillation

for a l ®hand-to-foot 10 shock (heart current

factor of 1. O)f an .be ex res ed by the equation: t(I)

= 0.2[ (500 - °(tP Secoy .5 where: t =tinme in

seconds, and 5 1 = cur, ent t| n.mllianmperes (M)

Cal cul at'i ons UFWHI”P 1IReEes g&t}élti on indicate that

a GFCl device must clear 400 mA of current within
0.1 second to avoid ventricular fibrillation for the

oot > oS RB ariopyduprits it ¢RabiomBeie el SAFCH fofte must clear

voldopaen of cufrdf: withih 6.138@%98 6 SvoidVdsithlar KibANaton For the "worst
(720/ 1. 732) 1945 ,
case" of a shock from the left hand to a foot.

For a 690 volt three-phase system {maximum voltage of 720 volts phase-to-
phase):

1 pody = (720/1.732) /945
= (440 A, or ~ 440 mA

One fact that has inhibited the application of GFCIs on voltages greater than
125 volts line-to-ground, or on three-phase systems, is that, as pointed out above, all

feeder circuit conductors on such power systems have a characteristic capacitance-
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=0.440 A, or-440mA 25 One fact that has inhibited
the application of GFCls on voltages greater than
125 volts line-to-ground, or on three-phase systens,
is that, as pointed out above, all feeder ci '

Lreult
WSS s on such power systens have a PCHiS 2006039169

characteristic capacitance- -4 WO 2007/047162
PCT/ US2006/ 039169 to-ground. This is referred to as
"system charging current” and is described bel ow.
Theo RRARI THENS Feea@ b s et Hﬁe[r ”ﬁé cﬁ%é;r‘)?edﬁh 1§’&bsn_§1iﬂed below,
such 'systens can often exceed hé nom nal
t hrids ﬁ@m@rﬂ e@:@armmgt raeRgnt aaeall] such systeims camipRerrseced
tri este
act%l y |nvoI ve h?ﬁ%:fhe c??‘g‘lfﬁrst%ﬂ (Hw&'fﬁﬁlgéeg“ﬁ‘%n&o&ppmg(’f
g r SH protesttad ciRaitsdhatiaregno eatudily ifvajved in thetcireyitithatliasg,

%& ? gﬁtase source S is shown coupled via main

ines A, B Cto a pair of |oads LOAD1 and

lr_ (e):r?éct | {%’%ﬁ%%ﬁ'l §%§g{ b %ﬁfﬁ%é?g%e%g’megph%gedﬁgﬁf%s lfAFlfown

GFChupdgitia mainj phasei lines\A| BJTC 3 ppniaofloadd LOADE akdFGDAD2

G yiepty B Ards 0 0T RE T et i i seprsents a

r esmaﬁmt\mvdx aﬁdﬁ:ﬁtx&i IhGiidhSeparhte Wihltigle OREDEIS! ddB 8s MEE
capacitive Co" * representing the di stri buted

c aﬁ‘ﬁ@f’tﬁ%ﬁ‘é@gff%l @l}%@ﬁ%ﬂf%@ used @ Proiestiey mpghaaismy fngthe
SY%Sg%tvaﬁ@&é}'cﬁ&nﬁéU?Ho%&tm dé.& d fifds a}éﬁpgﬁ\%esﬁm%bfsael ol

can be cal cul ated romt e "per
c apasssertivg dha distjbwedhenpocilaness-tergravgd fdxaacfirﬂeectm:mg The system
5 YR gt o e A B X Fo L Gied gromy e

stemc I'Ng Curren
gr @Wﬂmbﬁc;tamqe—t&rmmné saluesz&ﬂgcme follGyiipequaioas:gi Ng
current of each phadse during normal system
conditions (no ground-fault), in anperes [100]; VLL =
Systemline-to-line voltage, in volts; Xco =
Per - phasle capacit ¥ ¥act ance, in ohns (Xco];

Xeo = (10% /7 2x£C,

where

Ic = System charging current during a groﬁnd-fault, in amperes;

Igo = Sy_stem charging current of each pilase during normai gystem
conditions (no ground-fault), in amperes [Icol;

VL= System line-to-line voltage, in volis;

Xeo= Per-phase capacitive reactance, in ohms {Xco];

f = Frequency, in Hertz; and

Co = Per-phase capacitance-to-ground, in microfarads.
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f = Frequency, in Hertz; and 25 Co = Per-phase
capacitance-to-ground, in mcrofarads. -5 WO
2007/ 047162 PCTI US2006/ 039169 Usi ng t he above

uations for a 13 mA system chargi ng currept

W&gﬂ)’i{‘)ﬁlf?s (typical for a three-conductor insu?é#é%ﬁl&glw

cable circuit in netallic conduit of a 1000 ft

length) yields: 5 Xco = 1.732(480) / 0.013. 64,000
ohnms per phase for a 1000 ft | ong feeder cable From
the pri UEin% fHeGbbal dyamioab foraQdynA etesi hagng curfent/fid)lat 480
be agsfar ent that when a person touches, wpeg%dz%df
el eelty (hyrinal fona deceenndusteiipsulaied qable eyt g mugiglig gohcuit ol a

p“tlbqlq‘glleﬁ%h%ﬁefdgzg stor in the order of 1050 ohns in

par a a | 64,000 ohm capacitive reactance Xco,
except that the capacitance is distributed along the
entire cable l|eading to the source, and nost of the

current willgtake gdi0p@1§i rect path through the
body resi stance. 'Z%&g_e(mRN in Fig. 1 is the systems

neutral groundin sk fof RMON0AE Mn FEREEZAbIR

resi stance for a&ég i(ﬁ%%g{roundgd system éto a few
hundred ohns 15 for a high-resi stance grounded

system to an infinite value for an ungrounded

system i B SEBAFHR a if Rl e dpPar@dnRihen
t he feng&#]?ﬁgsﬂc{a%%{?%Fﬂvzs gﬁmcse’er%s.egl by %FCI I
No agetshmtouctss de piargiech el@aiial pliasetondestorait &5 eguiyplent to putting a

breaker .CBl and round- f . S t L QN
e b B of it of) s U B nRilicl wAE BRI, BF b8 cabllyive
bak@orace X, eRedpt thapths taracitancdTE istritated efonp tiel axireadable
t hr ee, phases A, B, and as 1. s.the neutral.,f
iR e Seod. g o TSl iy o g FRor e By
CapRMokly YeRistaBER QIHIBIR ¢ W Fi@ L6 the RystdiE's hdvinabgrpiatiey desisidr and
conductors (and neutral) sumto zero for a al.an eg

or CHmEY SAreaT resistarssien 4 obly-apmdrd stERato lywihupfired ohms
Op%@atmgmmg@{aﬂéé HrBRied sfshidhn, GPRAGHAMRANRISY M igrounded
currents "Co 1nall three phases are equal and sumto
zespster®5 I n this exanple, the fault current induced

on the multi-turn secondary w nding WI| of CT | is

pr opor t inothelusigatedhexampls, a faulilin smnidhe feerder Bagsde LOAR will be
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pr goendfalrsensor HetestivolddvivaGES! (hayip camlddyto an overdl eong-,

e St Ll QG &Py 3 encircles all three phases A", B' and C (as well
as the neutral for a three-phase, four-wire system if used). Each of the capacitive
charging currents in the three-phase load conductors (and neutral) sum to zero for a
balanced or unbalanced load condition. Under normal system operating conditions,

the capacitive charging currents Igo in all three phases are equal and sum to zero.

In this example, the fault current induced on the multi-turn secondary
winding W1 of CT1 is proportional to the vectorial sum of the capacitive chargiﬁg
currents flowing in the three line conductors A’, B’, C'. As long as this sum is below
a predetermined threshold value (typically 4 to 6 mA), the net flux induced in the

- core of CT1 and correspondingly, the fault current induced on its multi-turn
secondary winding W1 and coupled into GFS1 will be beneath the trip threshold

thereof.
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core of CTlI and correspondingly, the fault current
i nduced on its multi-turn 30 secondary w nding WI
and coupled into GF<S | will be beneath the trip
threshold thereof. -6 WO 2007/ 047162
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current in winding WL exceeding the threshold | evel,

~the differenti al curr-ent transforner remains
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correspondi ngly baI anced", and circuit breaker CB 1

[ hel d | . d
Lo or ould tckipé AR aLA g S S onadlio) tpfhgaleind
whetheshdldRvé, the Gl&b@ﬂh]eniuem tiangforaenbmatns eomspbmhxhw

o apac”, OGN T T LS LRSI I Frlerki S stbud

val e to@&nfd'%@mﬁ%&l@ﬁﬁ@ glebvacht FRUhL Fige Uy Wlﬁﬂfé lind Ardsisipéed to
in the second arai wi nding W, will c¢ause the

di fgrew@nme APolerioh P GF (06 FARGFIIVESHTEING GRS dhlines A’ B, C will
unhgl, t e lﬁzgsr}f_ art tgle Puréshb 8 Waie, 08 B @brrésBoddidePfault current

interr circuit to LOAD "and.cl ear the

gr Godubed authe sefondaty Bimding W hurdl eaussrihe differentjal irensformen af
t Fi
ol G5 Bpih Pratfiheiho Y Grel ol 08 1o BhEUERR froder

eXi(SITcuM/tdIII)AB$aﬁd2Mcztr0hegDmdFﬁUIBFSO force current. fl ow
(currents b2 and L2) in phases B" and C' of the

feeder @ut tLddtition, dsQfyDefatdr aotyd mtHie, dnded el be further

R helavcpinb B TR o Son e Vel ot g fospeot to
NONsrh il ats3Gork & QR AGw Gu@his Iy, bihd rg) & m@-uaa@ C" of the

unbal ance causes the qqeneratl on a fault current

Ve feersr cireit debBAIHand jryothen ?QSQ‘HGFEP‘EF“ spriemfi %ﬁn
co %FIS g)’a HHES tR0 cHAORCES SA0N in A1lss 356 the ﬁ(ﬁlLfﬁul?eﬁ%eder

shou e avoided. There is thus a need for- G=Cl
sy stinewit ifehe resnlting yshaleecespwses g epasmiion gf ¢ felt ﬁiaqrw in W2 that

op ee&@é&d{ the fHp %’1%%&(8% &P gg%’ MBiskA Bodted Jaﬁ?cggtguﬁ]ﬁk{ésgﬁy 8:uisance”

gr oun sensitivity o
(cclnpemtthﬂldmgatfmidd:dqe lower limt of the human = °*
"l et-go" threshold of current), and which will trip
wi t hin %mensahusszen@ddsr BFal systemifor-thaedphase applisaitmes s

t 02 0
o ecomaPboRsriRa veled PR, 2 P e Boh o fruf B
t 0 s3kbitiiity oF Y iid dli'llﬁfﬁl’f@bﬁﬁspbﬂﬁﬁ@toltﬁe iaweﬁle:ﬁit 6ﬂhe Em:f%ﬂle’&go" ,
system at w whi ¢ I ne S...
e TR M Y e

| NGhttddh B i IbVePE 6 maA, or within 0.025 to 0.100 second for ground-fault

current in excess of 20 mA. to 30 mA.

Furthermore, there is a need for a GFCI system that will quickly determine
which line has been faulted and will interrupt the feeder circuit including that line

without interfering with the operation of other feeder circuits in the system,

In addition to the advantages of the GECI system described above to avoid
fatal shocks, incipient failure of electrical insulation can also be detected at a current

sensitivity of 6 to 30 mA, which can minimize equipment damage.

SUMMARY



W thout interfering with the operation of other

feeder circuits in the system In addition to the
advant ages of the GFCl system descri bed above to

avoid fatal shocks, incipient failure of electrical

i nsul ation can al so be detected at a current
sensitivity of 6 to 30 mA, which can mnim ze

equi pnent damage. 30 SUVWMARY -7 Enbodi nents of the
present iRmedimans gfitieprcientgnventipr proeide g vymonetlgoiund-fault

circuit-interrupter s em ca . of L€ .

et abiigmeEns R e e Ep R o el pitinking g yseem
C au Sinflgwithtus esie e hik@ict thpdriuptisnstionaefufal diteeits of the
circuits of the nmonitored power supply system

Enb GeRHOHAGPBEr sHPIHFESERt | nvention provi de a neans

to conpensate for the small capacitive currents th%tf
fIowthr&m&%mgﬂ§@WN&E%W&%@%@N@N¥§§F?mB%ﬁ@ﬂﬁw c fot
| oW s ingsd e burdkir@u sl thauhlougtast 4 @rekppaeywangsten

nui sance tripping of the non-faulted circuits.

Enb cliringemiosv-erhighHlevah exssradrfault andtathiestpy greid peeange @pping of

system f o -..fhase power supply systenms which
nakége %lﬁﬁkggag?%@deternination of where wthin the

ot or r uptip e AR A AATS TR P b e

i Nt ghagepoiversupplyeydeens wWhinkemakdstah immediagte dgtemamation of where

Accordi.ng to a first aspect.of the present | ' '

{ et b PRI SR e Plers A8 bRy hhuted
( CF@nks @3 BALIRL iRterb@ivion af ethat ldey witidd tHehysenphase
~electrical power supply systemincluding a

t hr ee- phasgoRawan a Tl BipsciTthaTRésent iated, detd it privided a
plurality of feeder circuits connfcted to. the %ﬁ'n h
bus geundrfult circpibimieruptes {51 6D SYRTRIF § fpaﬁmét%“v ibyeg-phase
r : i

i fs %geﬁglcg@éﬂgvgfﬁgagg Qe MitbdinSRintbeFhhdt foWer suppl a0 thain

| cuits and operative to nonitor the
capauis tiranit vither plimaljty of frederrrirsuigreonnpstet dthe main hussircpig

-ground fl ow . ; :
O oo A QiR G il AR B AERERAU S Sdin bus
t he mdobhesitssidffbalal ciguithamclughrativdie nswiter the capesitvethorsing
of - each sai ircuit: and a; proce fo
contPHESES] fge Pl it g ORRLSi (heiuchith and o gencrate g fault
by tdheaFohlmensirhtearith thedsmderofintisalatios oflthé curedts flowéng through

GCFl unit on each feeder circui.t cgnnected to the
mai iheieyes g{@qgliuptor%(éﬁ e&ch said circuit; and a processor for contintiously

monitoring the fault signals generated by the GCFI unit on the main bus circuit and

the GCFI unit on each feeder circuit connected to the main bus circuit, said
procéssor being programmed to determine when a fault condition exists based on
certain predetenﬁ]hed relationships between and among the fault signal generated
by the GFCI unit in the main bus circuit and the fault signals generated by the
GFCI units in the feeder circuits, to determine which circuit is experiencing a
fault, to generate and transmit a trip signal to the GFCI unit in the faulted circuit
causing that circuit to be _interrupted, and to generate and transmit an inhibit
signal to at least some of the other circuits causing those circuits to be inhibited

from interruption.



processor being progranmed to determ ne when a fault
condition exists based on certain predeterm ned

rel ati onshi ps between and anong the fault signal
generated by the GFCl unit in the main bus circuit
and the fault signals generated by the G-CI units in

the feed Ecﬁ)c llagc %lfa;%fqntd%?%e{ &in &Ssemwghhﬁﬁ,rtﬁéﬂé is phﬁnded a

experle enerate and transmt

t i RembdBBirovi@ing BRukdFGlultieitdit mtermmmffam sepatately |dcluweld three-
cau3| ng that circuit to be jnt rrugillaeh and t

@ecawl PO SHPRLY SYFPHiRE el gowe? supply and
b b i é’ﬁt"‘t}&ra By o Re@dUBig chitoaed ’@Iﬂiecmmhbus d@reuit,
el n | ite

fromlnterrutlo ?Fﬁ?ﬁordln 1a d
secamich IdBlpbWtof@foutl@r’éauﬁrC@@é nterpen () wiikdr e‘f“é’eyan
pr o«\%/f?eda Yel as n&;‘g‘a{éﬁ Ptk RS GERUNEe fe@&&rm&mrs@m t

nt separately derived t hree- phase
eI eﬁlﬁdfatﬁfaho et a fooleignad u@pmn%%qmﬂﬁ peret pigt the fault

t hr ee- phase

I SR B P LR, AR (200 SRS R i bt
bus g iffitiidnal ged@idied by therG@ (Ttupitoi Tkﬁ(ﬁhmd@eﬁailmtcuwi rcuit

i nterruptor éGFCI ) units resfpect i vel

operativ é|09or wede ,aé]pgaame?trp ]ixpeprﬁﬁqnﬁ ¥I}¥ﬁ%t10£n E}leée s ﬁ)rowded
the, fae = h&e lefeldhidcs Wér su% 2§téﬁ{ echiirg@iReabkas@power
f ault®*'sSi'g r?

conmen rate the degree of if the
f aukdpplysdng madin PevaraEt eih bplurdflu@ Qﬁf@demmcmtﬁ qq»m@gqy:d to the main -

f d t t t I t t

f 2w aregian semandpul PRy SiE el f A Fbald A Bl

f eedey t§ & %&u{dt sh mi%?&}@ﬂ gichad-Eitdrdtiiv e sysepaoinpafing e
n

prese vention, there is provided in a

t hr pmimategramemlt asumtpom\aptgrb(ﬁvﬁ@) wpjfs pastnof Whichds ng V

a three-phas [

2 prupared S BT Sadrat hiog BaC ok r AETef Rl M4 8
bus gérﬁﬁté'té nﬁ;ﬂﬂoﬁhgé@wﬁvémafgﬁngxmﬁmﬂnmgmmﬂmd to
protecting agai nst accidental faults, tEE roun

" precnvade g ol nignflabmeSTRGE EETMGBISIR ViSHPE Brepva O opplange of
pl ural | Cé]g% 1S g.f)%%lfﬂr%u%haﬂa gev%faﬁ Sdﬂdhgbﬁto?ﬁﬁ éb@&%[tec{c@%gt and a

un| assoclated with either sai
Mai BrRUSsofddntirticativelgveuméd ahd opeaitie to gintisedusly negygior the

is operatlve to nonitar he ca aCItIVG Ch

cor rf@msgrmsmq@eqw@ﬁ@iu@m ot B iz B GOFTunit

faul t egchfgfn 3% J{rb&g‘soilgém@ﬁ% BaAhRd\W ddlertod® when a fault
unB ance

degrge the cufrents flowi ng through
t he capiigsméxigondettmrestanfpraioteanisod reationshins beigicen m@r@glong

o barinagrdt s poma el PRI b Bl S Rg) de gkl

by tsig%aj%derdﬂ&i iy 180 GIFaS oAk Th 1Y Feedbr Gittults, an dotérend3CREh of
sa.ld circuits is experiencing a fault, to generate and transmit a trip signal to the
GFC1 unit in the faulted circuit thereby causing that circuit to be interrupted, and to
generate and transmit an 1nlnb1t signal to at least some of the other circuits thereby
causing those circuits to be inhibited from interruption.

Briefly, a presently preferred embodiment of the present invention includes
a plurality of GFCI units and a controller forming a ground-fault circuit
interrupting system for use in a three-phase power distribution network including a
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on each feeder circuit, said processor being
programed to determ ne when a fault condition

exi sts based on certain predeterm ned rel ati onshi ps
bet ween and anong the fault signals generated by the
GFCl unit in the main bus circuit and the fault

Si gdeSpha@NBIRE 8fkldyidahgowak @l thiee or $ourwitelmenii geigiand a
circuits, to determne which of said.circuits is. . »
ex pERIASLEgeOT B VIR fes1% SN CamERAd AraRdr 1o Sy
sig to the . hHG lkn & Clebdetiteuits. The
the?%g§u§5ﬁ§§ﬂaﬁgﬁ%$E?F&%%ﬁ?ﬁggd%§H§%§g$rupted, and
t0 c@fiBEabatimndsly menisors the amin GRChitt il gank(feader @QFCLunit to

| east some of the other circuits.thereby :causing.
¢ hodetcrnewhenand avhges A faf f&ﬁﬁ@é‘&“@f‘&?ﬁii%{e@‘) tp Fel nteTrpts
Bri aflutef cfe&ﬁsaﬁﬁ'iﬂmml%f o S1Cthe A0S EI Yircis. Thenovel

present 1 nvention includes "a plurality of GECl units
and GFCE eystenoislapplichlole irsolidy-grovided, esisiacegraugged; or

interruptj system for ‘use in ree- phase power
di sf‘?gfﬁ‘gtidf’g% Wéf@ﬁ@rﬁﬁ%q-ﬁlms%éysge@% t hr ee- phase
source of electrical power, .a three-..or four-wre

mei n o r g DS avaphes sepripeds emRodimen St et o
f eeder &G that i &9@9@&8@@1 AEeASBalcRSmTR At Bisétnhoct Aower
GG unit 1s pr%V| ed in the main circuit and in‘each
of tios £ faeltterfcadir dreiit withdid eaustngrihe interraptionsi therpifesy shaglthy
nmonitors. the main GFCI unit and each feeder GFCI unit
to TEeeiiiFe when and where a fault has occurred
and, in response thereto,. interrupts. the faulted .. .
circuit dwatheradveriage aceariipe W‘%@Qﬁ[}ﬁ@%ﬂ%efpéﬁ?télﬁ ention 13
crr %%1;’[ ﬁ%rwﬂ%? 8 gﬁt‘f Lysteﬁ: bt SY SheRNihS]yRRE Lk, ecteMiine the

sol irdlysgroun resi stance-groundéd, or ungrounded
as \Blrte GRthofhikerint:tros chapfhulted coysit adprevept thewstsematian of any
advant age accordi ng to enbodi nents of the present

i nv@ARiated erUHSt 't provides a GFCl systemthat can
I mredi atel y di sconnect power froma faulted feeder
circuit without causing the interruption of the other
"heal thy" feeder circuits. Another advantage
according to enbodi nents of the present invention is
that it provides a GFCl systemthat can immedi ately
detect a fault, determ ne the source of the fault,
interrupt the faulted circuit and prevent the

- interruption of any non-faulted circuits. 8b These
~and ot her enbodi nrents and advant ages of the present

i nvention wll '
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no doubt becone apparent to those skilled in the art
after reading the following detailed description

whi ch nakes reference to the several figures of the
drawing. IN THE DRAWNG Fig.l is a schematic circuit
diagramillustrating a prior art three-phase circuit
having a GFCl unit; Fig. la is a one-line diagram of

t Ee V- Fb"ﬂﬁbs‘éiaﬁ%btﬁéﬂ egﬁboajlaﬂelﬁshﬁd a@r@gtla@ﬁ ofﬁarpmmtemnﬁ@rwﬂl
the system used to devel op the. es_sho [ e .

t o 10 Howlg Breomerppent 19 osk Sigin bp an afpceadme bl Gring
i1l L4005 R ARG irbsCofitle drawing.
hav?%%ﬁﬁuegggﬁgbkggger C???%ﬁ%ﬁé%ﬁﬁ@%ﬁ%&%? syst'eming
accordance with a preferred enbodi nent of the
present invention; Figs. 3a - 3b are diagrans

|11 ust r atoRgyd BRAOWINEGNt distributions of a "solidly

grounded” system Figs. 4a - 4b are diagrans

L1 T ustraigngg J &Rkt HaSilafl i@ (Hor Bt tHdeGhmse circuit
resistangﬁ'g?%%%g@%ﬁ systenT Figs. 5a }ng are

di agreing aiGHQstmitat i ng the current distributions of an
"ungrounded" system Fig. 6 is a flow chart

i | | ust r affigip iop encalineodiagrim ofithe YrJamsdonlaigdn andghe psymed

1 ST Lo R LSRRG 1900 Ao B e,

Fig. 2 in.the case of.a.solidlvragro 0

i gn- res it ARt Eur Dy HERHD Y Bk hasq oy supply

di agiraui Haepp eattiflafcedsn cotuitbad 4 GEGhsysetnah aconjaoceentlsa
feeder.circuit of a GFCl system

of one (of .tiple) i

in Q&Wﬁﬁﬁﬂ@‘iﬁ? %%?W%Wé‘ﬁfen%%odi nment of the
present inpvention. TAl LED DESCRI PTI 9. -

D 007) 047185 PorP oSN EST R T BFE?‘&\I &ﬂ’\i@r‘?ﬂs 2 polidly
the sphRABM sykiauention is based is that, while workers
shoul d al ways exerci se safe work practices, i.e., by
de- ener girzdsih -aBare digGkhHflugtitine the beroat distibitiohooftae’high-
wor ked on, and "testing before touching"” the circuit

in épseince groupded SYEREL:shock hazard, a mi stake or

overstd htFigS:S.h S%u-l 5% a{']eoc%iagrar ems g iﬂtustral tlnngaﬂlfe gtmal 1I1 éjgﬁibutions of an

-

"ungrounded" system;
Fig. 6 is a flow chart illustrating operation of the processor of Fig. 2 in the
case of an ungrounded power system;

Fig. 7 is a flow chart illustrating operation of the processor of Fig. 2 in the
 caseofa solidly-grounded or high-resistance power system; and

Fig. 8 is a block diagram representation of the fundamental components of
one (ofmultiple) feeder circuit of a GFCI system in accordance with a preferred

embodiment of the present invention.

DETAILED DESCRIPTION



5 However, OSHA accident reports docunenting dozens
of 277 voIt fatalities dating back to 1990 indicate
that inadvertent contact with energi zed parts has

b far too often on the higher volt
w%%@?@ﬁg In the case of an accidental faul g US0G03916

10

15

20

25

30

.second o

480Y/ 277 volt system the shock current though a
person's body to ground can be calculated to be in

t he range of 220 10 mA to 400 mA. For exanple, using

t he " 50%mémishapqnoyhitiethe pretenh 'awdntiom-imwwﬂ isélday while workers

i m at O volts Jisted on Ja . .
60 HoTY e et St vk oS 38, B Feteifiyg b idcRing ow
0. ﬂ%(ﬂﬂ&mel fods, wdrkechQQh amt¥'teshisg H@fbﬁﬁ&aﬁﬁgarim\c&pmt meorder to

pr obahl.e on.there are s i ties

P BT shidk e a/pisrake prosariet rl (ot resttt £ ity

i's Hob@%rao PEASRHIGH E’egﬁi-ts dSuttRhidg doged & zwpvmmfahasS Oting
she a san exposed 15 live wire or other

%0 indiggte th?fll'ﬁllﬁé"qf@mé")%fé?tl withsengnpized garbhes hapnsaed far
i nt@&%ﬁoﬁ%e%@ol}’a%@ﬁfs&éﬂé' ar fibrillation of the

heart, the soufce o ock voltage nust.be renoved

fromt hg,ftgigﬁe Br ocicmdgn@%l%l pwﬁ %ﬁ syfent) 1R shock

Inirtration ock current
rmgmrm thougl a pgeoniybody Thgromirbeande ghlcelhied pr kesin the range of 220

LY R . oD BariE N n e RIS G Hab Bro-Bilda body

sharln sSing phase”power rce
ci Iimpndhncempwﬂ mrs lisigd bl &alile @ bémC T8 60476t [ Heacurrent will be 277

ro ent wi thef ted cirg
0 SRR oD Sl Sl Ao mgerar DA a7 BiPuterd v e tropeble
h aseaﬁd}eth&e gf&stm@qmﬁtwa &m@fvuﬁgetﬁé 28h @iyRemE @7tvolts to

current (above the trip thresgol d) can be determ ned
by StogRE) % HBLAPTS WA VPiNgtagiydet gepvdhien b ot ghe grasps an exposed

r eSPE ik B?&Me@éﬁé?ﬁh&i“%%?;s%@@né@'cGns@élﬁeﬁéE din@NA ofdeLto
several feeder 25 circuits and determ ning which unit

haQth% éeqﬁm@ﬂ?és"rbngamihedww tbwquémof shick yplage apust be
% m%e ﬂ&idn%ﬁuﬂ Mmfal@y @cbr&ﬁoﬁﬁ’éshock

confirne th|s eor re spe |ca a conputer

prugmmémaischkounlenirmagnm®mf§éﬂmﬁo Si nul ate and

predi ct the performance of the ground-fault system

f or var Thubesisafdhapricsst invertan is that amohp sevefdl foaader circuits

R PR A e L
Sy détestabiel proamnd-fauft otrrem hall dathe daulied aigcuiic Itﬁsaﬁm‘vismned that

- Bleranietion of Wik ShuflpifoseR e ade of st Bound bl
PClin? QB6VORO&Hhrekhd)@ dh BE HabmBhedHyoMitidEsly monitoring the

sinmul ation and the assuned paranmeters for the system
GFCI units respectively associated with the main circnif and the several feeder

circuits and determining which unit has the highest ground-fault current. A computer

simulation of various ground-fault scenarios has confirmed this theory.

More specifically, a computer program called “V-Harm” was used to
simulate and predict the performance of the ground-fault system for various
scenarios. V-Harm is a load flow computer program that represents each phase of
the three-phase system separately, and calculates the system currents for ﬁnbalanced

load or fault conditions, such as faults from phase to ground. Fig. 1a depicts a one-



used to devel op the Tabl es shown bel ow. .Three

representative types of three-phase power systens

were simulated, solidly- grounded, high-resistance

8roUnded, and ungrounded. Three degrees of fau‘lé g
WPWT8$ e were sinulated for each type of SGLUSHPe/39169

zero ohns to represent the extrene of a solid

"bol ted" fault, 700 ohns to represent the average

resi stance of a person's body at the 480-volt system

VOl {2 QGerAN6E ROV ARRmMARIRafich 4n8 Iﬂ{e%%ﬁﬁiedt?ﬁ%nﬁterm%r the system

protective threshold current |evel at 277

volused toslewlenthel Tablesishoymn bolow/ 047162 PCT/ US2006/ 039169

DATA Frequency = 60 Hz Source | npedance at 13.8 W= 0

Thees serpesaeiptivoppes gAthrepsohgsapeives igtoms weangiralated,

Chirs
(T8 CRGHaR0 it SRS BAYE i BE TR AR of

5 ar gegsiancanersdibalsied fomach type dfeypemszsro ohmsto repesent the

systemw ith 2/,Q Par ,.CoRd i
TharEemEot ol eyaR” B AR ESR RpisSal b Breip Riiheo of
A Zefion’e ppdy at et §0nmilitsygem woltiga and @6 000 bhuns tosreprasent the 6
with all the f er circuj j .= 0.1020 + 10. 0533
oh & PeiRptive ,esﬁﬁg_cwiq‘%ai%&gﬁﬁg?-m- G =
7001000" Ca = 40 of/1000" Loads (The |oads are
connected in an ungrounded- we configuration for the
Series f & 11 cases. In the Series lit cases, the

neutral of each load is connected to Its neutral
conductor.) Series 1& I
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Feeder | - bal anced three-phase 90 kW 0,9 pf Feeder
2 - bal anced_ three-phase 90 kW 0.9 pf Feeder 3-
bal anced t hree-phase 90 kW 0.9 pf Feeder 4 -
I t hree-phase 90 kW 0.9 pf with a

W(Eﬁ)nﬂg@ﬁi paci tor connected from each phase-]liégr-ﬂggrzooﬁlﬂ 169
Series Ill Feeder 1- Phase A-N - 30 kW 0.90 pf
Phase B-N - 20 kW 0.85 pf Phase CGN -10 kW 0.80 pf
Feeder 2 - Phase A-N -15 kW 0.90 pf Phase B-N - 35
kw 0. 85!\8f Phase C-N - 25 kW 0.80 pf Feeder 3 -
Phase A-N?2TR20 kw 0.90 pf Phase B-N - 20 kW 0.85
pf Phase G N - - pf Feeder 4 - Is
Di sconnect ed, Exg%glﬁ%%% @%E es 1 and 4 (for a solidly
grounded syst enfoupriMpatresatd3§kd = 0fsor a hi gh-
resi stance g[ourggﬁgo%gem, it can be concl uded that
in every case 5 thagorvaground-fault does not involve
the main bus, the fiZ@VEE0Y eeder is the one that has
the hi ghest sensedgg (Fha giondpg st fhe wye fs variod pdhe analysis.)
2007/ 047162 PCT/ US3pa6{ 169 Tables 3 and 6 (for an
ungr ounded syster%{il | ustrate that the faulted feeder

al ways has the fi¢ (fgge’ g{fﬁa&%g% feipniad Q?EEEP Afhree-phase, three-
Ot s e g o el v

Wi

but the discri n},:,'p

feeders (dependimagedpncicti®) particul ar fTeeder's

char gi ng capaci t ande = aMROtHBOFBShree/8P0e - or | npedance
of the ground-faul & it 8821+ j0.40080hms(400§t eat as with
the 5 solidly- an®iredpsi@e- grounded systens.
Table 7 illustrate$th4® nfii§B&I anced phase-to- neutral

| oads have np af fact rANaal DERSRSER Al gunded 'E tion for th
currents, i1 thaaargoad irehEabeh ot dbllod DA qrtiuration fortrs
t he phase fts neutral conductor.)

- Series 1 &1 -
Feeder 1 - balanced three-phase 90 kW, 0
Feeder 2 — balanted three-phase 90 kW, 0
Feeder 3 — balanced three-phase 90 kW, 0,
Feader 4 — balanced three-phase 80 kW, 0.
with a 1.0 uf surge capacitor connected
from each phase-to-ground

o

« Series Hl

Feader 1 — Phase A-N-30
Phase B-N~ 20
Phase C-N-10

Feeder 2 — Phase A-N~ 15
Phase B-N - 36
Phase C-N - 25

Feeder 3 — Phase A-N ~ 20
Phase B-N-20
Phase C-N - 30

Feeder 4 — Is Disconnecied

0.90

3

AR
22z
o ooo

===
o
&
=)

Examining Tables 1 and 4 (for a solidly grounded system) and Tables 2 and
5 (for a high- resistance grounded system), it can be concluded that in every case
5 that a ground-fault does not involve the main bus, the favlied feeder is the one that

has the highest sensed ground-fault current.
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and neutral conductors. -13 WO 2007/047162
PCT/ US2006/'039169 TABLE 1- ("Series |I" Case - system
with | oad on feeders) Summary Tabl e of Fault Current

bl ocks) and Current Distribution -

W@%ﬂ%ﬁ % 480 Vol t System G ound-Fault at é{gp&%ﬁ%q;mss
of Feeders 5 90 kW Ungrounded Bal anced Load on All
Feeders Feeder 4 with 1.0 tF Surge Capacitor
Connected on Far End to G ound (Current in

milli anﬁi@bbsB axd 6 éhsacurpyovadaelnysteinhiimstcae that the faulted feeder

di fferent urrent,tran r n . Shown..

ot HEFTEJes Bt et Bt PO ot o QigSranitaon beteen
Ph &%ﬁm@fﬂiéla}dlel:&dﬂérs (d&ﬁ@idﬂlgﬁﬂﬁh@ﬁdrhdﬂfgrfﬁdads (fhatéuig capfcitance
ItAl 4 a 108 700 .0 9round f%ult

6, BIChURFHARSP O Repefatise T hegrepnd-Tanbiiself) Bl groeb it the

5 on fofi8 eﬁnd]reﬁ%ﬂcg— bR syl 2.4 kA 2 4 Lt "1 1 2
25 700 ohm groun fault 375 373 0 0 0O 46,000 ohm

ground f@ayle7 iBusrafds %a@mﬂﬂbﬁ%ﬁ&%ﬁ%eﬁ?ﬂ idad®RavERB dSECt on
2 Solid ground fault 1.3 k 1; 3: KA 14 , 700 ohm

gr olbs @pnﬁm@w@d‘@ulocmts if @eﬁens%omt mﬁfogmmaalomm phase
6 1anﬁ %nd Etjé se- G ound Fault on Feeder 3 Solid
groun au §765"' kA 1 1 7 700 ohm ground fault 348

0 0 46,000 ohmground fault 0 0 O
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Phase- Ground Fault on Feeder 4 Solid ground fault 2.4
kA'112 .2:4» kA'. 700 ohmground fault 372 1 0 O
315 46,000 ohmground fault 4 0 O O Not'e: Underlined
currents on the non-faulted circuits repres

WONEH 1% urrent at or above a 5 mA prot ectlgg{w&ooﬁmm@
threshold |l evel. -14 WO 2007/ 047162 PCT/ US2006/ 039169
TABLE 2 - ("Series |I" Case - systemw th |oad on
feeders) Summary Table of Fault Current (shaded -
bl ock PABLEI1 CYrSe@ivk I'DCase’-+ sysfeinomith loadioglfeddend)st ance
G ounded 480 Volt System Gound-Fault at "Far End"
ofSubfiese Tablénf FAAIICrhg I(ﬂiaﬂekkﬁloﬂad) and €thrtcnd Hiribdion —
Feeders; Feeder 4 with 1.0 F Surge Capacitor -
Connegt Gstmw@?dunﬁe@@mvm@swad (Current in
milli amfﬁﬁa%uﬁ%sﬁgr ﬂxd’aomeeelbal ance or

5 differen ' HedSs Shown
b g

ot her wi sgy

Fault *o s

700 ohm g ' 3237| 4 6 000

gr ound {Cipren ]‘."G’aﬂ'a?pefﬁzﬁée B%w E{lanoc oﬁgﬂ}c‘%’ ntjal
Solid ground'PAERGransiIms 700 ohm

10 ground fault 309 315 ': 2 4 50 46, OOO ohm ground
ot 5001 Phase-guid Fau! of-Feedpf—2—Set-¢d

gro sqMap . 1 %L {FFE 595 | PG opm | FOr4
: Phase-gf'dﬂhtl'ﬂuﬁ aiMidin B34 2 3 48 '
Solid ground favlt | - li}kA o 2 [ 108
700 ohim ground faukt |« . 384 .~,| 0 0 0
76,000 o groond Tault | -, 4 71 0 1
Phase-Ground Fault on Fecder 1 | -
Solid ground fanit 1 2 25
700 obm ground fault . 0 0 ]
46,000 ohm ground fanit ‘ 0 0 1
| Phase-Ground Fault on Feeder 2
Solid ground fault 13 kA 1 i4
700 ohm ground fault 366 0 1
46,000 obim gomd fault 6 1 I
Phase-Ground Fault on Feeder 3
Solid ground fault | 0.65kA 1 7
700 obm ground fauit - 348 0 1
46,000 ohm ground fault 5 E 0
Phase-Ground Fauit on Feeder 4 )
Solid ground fault | 2.4 kA 1 1 2 24kA ‘-::'_'
700 ohm grbund fanit 32 1 0 0 . : 375
36,000 obm ground fautt 4 0 0 0 s

Note: Underlined currents on the non-faulted circuits represent a sensed

current at or above a 5 mA protective threshold level.
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46, 000 ohm ground fault 6 0 0 1 Phase-G ound Fault
on Feeder 3 Solid ground fault 1770 t 1 1795 282 700
ohm ground fault 288 1 2 293 47 46, 000" ohm ground

fault 5 0 0 Phase-Gound Fault on Feeder 4
Wog%ﬂgu%‘ﬁ?ault 1901 | | 24 1903, 700 ohm groun@sg°”6ﬁ°?91“9
308 1 2 4 309, ; 46,000 ohmground fault 4 0 0 0 S;

10

Note: Underlined currents on the non-faulted
circuits represent a sensed current at or above a 5

MA prot ect | WARIE @SI886kids €7 €hase = dhaielOvRE QolldWh ftéiters)
PCT/ US2006/ 039169 ABLE 3 - ("Series |I" Case -

Sy st@ifimwint Table afiFsilt Eeader Ghadedmiceky) abalt @rredt Higatibution -
Current (shaded bl ocks) and Current Distribution

Ungrourudeﬁx%éﬁeé{&hﬁce%ﬁhﬁaad 480 ¥iesnenaul t at " Far
End" of, Fegf&lEFaul sygypgegqré.oad on All
dinfleed'L.pal

Feeder s; A RRAGkE OF

mlli an,pegéé' € ?glhr&ected on Far End to
di fferent rent transf rmer

CH{ le 0 dﬁﬁ@renﬁal
ot her wi sdFURiER ‘"I'—‘B ) ‘??’25 ‘I"—s(ff'fe gi‘ co §§n?%ld'
Fault on Mai n “BhEenshpp ﬁ?ﬂ'wﬂﬂle?"‘é" PR SEYTEISEH 24 310
700 ohm ground fault X63..": 5 8 18 227 46,000 ohm

ground.fault & 0-.0.-5 Pha-se— Fati-t-—ar—Feeder
IS0t I LR R YR

Phase-Ground Fault on Main Bus

f2!.
(S8
—
ot

Solid ground fault 1‘9&1 [ 12 311
700 obm grownd fault [~ 323, | 1 7 ) )
76,000 ohun ground fault [, 6. 0] 1 5 0 3
Phase-Ground Fault on Feeder 1 S .
Sofid ground it | 1895 | 2931 .| 1L P 353
700 ohin sround Fault |, TEEL ] 2 3 50
46,000 ohm ground fault 0 0 1
Phase-Ground Fault on Feedex 2 .
Solid ground fault | 1854 6 295
| 700 chm ground fault 302 2 48
76,000 ohm ground fault | 6 0 i
Phase-Ground Fauli on Féeder 3
Solid ground fault | 1770 6 11 L 21.72‘5-_"{ B 282
700 ohm ground fault | 288 1 2 n 293 g
46,000 ohm ground fanlt | 3 0 0 R
Phase-Ground Fault on Feeder 4
Soiid ground fault | 1901 6 1 24 908
700 ohm ground fault | 308 I P T T R
76,000 ohm ground fault 4 0 0 o [t s

Note: Underlined currents on the non-faulted circuits represent a sensed

current at or above a 5 mA protective threshold level.
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700 ohm ground fault 2 ; 2%$21., 8 18 223 46,000 ohm
ground fautt 1 0 O Phase- Ground Fault on Feeder 2

Solid ground fault |I 6 ;332 };;: , ; 24 296 700 ohm
ault 25 242, ; ,;-; 17 217 46,0 :
4 Py o ’ ghﬁtﬁgfbﬂsmmw
w Ogﬂ%gm?ault 105 " ;,?? 0 Phase- Ground Fau on

Feeder 3 Solid ground fault I 5 10 C. 303 ;:f s 283
700 ohm ground fault 1 4 222'*'. '.;. - 206 46,000
ohmground fault 0 0 O :' S~, 3 Phase-Gound Fault
on Feeder 4TAGILEI3 g(¢Bemds I"a0hde —~Isyditmutiti Bad onfO@lepim
ground fault 0 5 9 17 34 46,000 ohmground fault 1 0O
1 0 2 Not eSurhindey Thbledf Fault €atrsnbfshaded hienksf mnd Cwdrent
circuits represent a senﬁ gg ctyrrent at or above a 5
mA protective threshol d PEFSORTE o 2007/ 047162
PCTI US2006/ 039169 TéELE 4 - (" Series Il" Case -
syst em®w 2 0 % Summary Tabl e of

5 Fault QJrGé?ﬁnd('EMH@d‘FBFEBQ”Pf ?F&‘e'@urrent
Distribut$ Ui pyaftb Heeders: \/ol t System 5
G ound-sFaHeddend wiha0 Eﬁﬂurg;fcaioemeonnecm ondad Epd to
Al'l FeedeGsgoundFeeder 4 with 1.0 pF Surge Capacitor
Connect e@Ca¥refidin dilllthnipgeres@scemstd bCarcosmbalance or differential

10 mllianperes finepiEackifnd, eilts-shalaothereoise)

_ differential 10 current transformer, unless shown
otherwise) Main Fdr 1 Fdr 2 Fdr 3 Fdr 4 Phase- Ground

i _on Marn HuMaim | Fdri Fdr 2 Fdr 3 Fdr 4
Phase-Ground Faunlt on Main Bus
Solid ground fault R 3 1 24 310
700 obm ground fadlt | 263 3 g 8 537
46,000 ohm ground fault | 6 ) 0 0 5
Phase-Ground Fault on Feeder 1 ] = '
Solid ground fault 2 11 24 304
760 ohm ground fault 2 8 18 223
46,000 ohm ground fault 1 o 0 5
Phase-Ground Fault on Feeder 2
Solid ground fauli 1 6 24 296
700 ohm ground fault 2 5 17 217
46,000 ohm ground fault 1 0 1) 5
‘| Phase-Ground Fault on Feeder 3
Solid ground fault 1 3 10 283
700 ohm ground fanit i 4 8 2 2006
46,000 ohm grotnd fault 0 D 0 T 3
Phase-Ground Fault on Feeder 4 ‘ .
Solid ground fault i 6 11 24 46 '
700 ohm ground fault 0 5 5 17 34
46,000 ohm ground fault 1 { I 0 T2

Note: Underlined currents on the non-faulted circuits represent a sensed

current at or above a 5 mA protective threshold level.
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Solid ground-fault : 't0 kA, 3 4 9 109 700 ohm
ground fault..396 0 0 0O 1 46,000 ohmground fault 1 0
0 1 Phase-Gound Fault on Feeder | Solid ground

fault 2.4 kKA kA, 1 2 26 700 ohm ground faul

W@ 2074719% 000 ohm ground fault. 0 0 O Phasggg%g%]ﬂ%%gm’
Fault on Feeder 2 Solid ground fault 1.3 kA 1 1;3 kA
114 700 ohmground fault 396 0 396.: 0 O 46,000
ohmground fault 0 ,6. . 0 1 Phase-Gound Fault on

Feeder 3 SqtABLEaQy"Serfes Wit Chke ZQystémlwith fo a1 A Teeders)
700 ohm ground fault 395 0 0 396 0O 46,000 ohm ground

fault 1 0 @uRhRAs9 TabRiuTFanRWirrait (feded bloéksyahd Current
ground fault 2.4 kA 1 1 2 2.4 kA -17 WD 2007/ 047162
PCT/ 13S20061039169 700 SHMFthuYoRa fault 396 1 0 O
396 46,000 ohmground fault 7 1 0 O Nete: ‘Underli ned
current s SelidlyGronndedA80 Volt SYSIOMS t s represent a
5 sensed ecu3mend-Faultaf “Bardied ofFegdergyr ot ect i ve
t hr eshobd Neeveld on AB F¥deP07/ 047162 PCT/ US2006/ 039169
TABLE 5e- Heedi'd with 1.0 nF&ifige CaFa!cStoe Dovhédiedien Fosnd R
feeders) @Geanary Table of Fault Current (shaded
. bl-ocks) @y fdht heRilibnplres Rybdn@dt by Fb@a-HRRMcE bR rential
10 Gounded 480 Vgl enp¥inSfihmer, unlds@sitnditlibilwisty " Far

End" of Fegders;

Main Fdr1 |Fdr2 | Fdr3 [Fdrd
Phase-Ground Fault on Main Bus
Solid ground fault 10 RA 3 4 9 109
790 e gromd Tt | 36 |0 0 0 i
46,000 ohm ground fault 6 R 0 0 ‘ ]
Phase-Ground Fauit on Feeder 1
Solid ground fault 1 2 26
700 ohm ground fauk 0 0 |
46,000 ohml ground fault | 0 0 0
Phase-Ground Fauit on Feeder 2
Solid ground fault | 1.3 kA I L3k&] 1 14
. 700 ohm grovnd fault | 396 0 . , 0 0
46,000 ohm groumd fault 6 0 0 1
Phase-Ground Fault on Feeder 3
Solid ground fault [ 0.70 kA 1 1 070kA I3
700 ohm ground fault | 395 0 0| 5% %
46,000 ohm ground fault [ 1 0 6 - 1
Phase-Ground Fault on Feeder 4
Solid ground fault | 2.4 kA 1 1 2 2.4°kA

17-

© b



No Load on All Feeders; Feeder 4 with 1.0 pF Surge
Capacitor Connected on Far End to Gound (Current in
m|lianperes as sensed by a core-bal ance or
differential 10 current transformer, unles

WORMIATI6E) Main Fdr 1 Fdr 2 Fdr 3 Fdr 4 phisi@%ﬂ%f*am
Fault on Main Bus Solid ground fault 2035 ' 2 12 25
320 700 ohm ground faun 342 2 2 4 52 46,000 ohm
ground fault 6: 1 0 0 1 Phase-Gound Fault on Feeder

[ Sol'I @@k gravad Faglti| t 39800 - 3460} 700 ohm
ground fault 326 214 51 nd fdult 7

7<. 46,000hig ground fauiph o sk - eefler] 2 Solid
nrmmd fault. 2005 20 Ak uIt 328

2 4 52 46, 000 ohm ground faur; g 0 =6" L, r? 0
1 Phase-Gound Fault on Feeder 3 Solid ground faul t

2002 7 1otgoLnderlined aurrents op b RSFrRYics wie s agresengepsed
2 331. 1aet Nall) t 71 61
Phdé%w %Sﬁg%ggésfggﬁcﬁgeder 4&%0%$giground faul t
2005 2 12 25 2005':. 700 ohmground fault 326 1 2 4
327 46,000 ohmground fault 7 0 O O 6 Note:
Underlined currents on the non-faulted circuits
represent a sensed current at or above a 5 mA
protective threshold level. -19 WO 2007/ 047162

PCT/ US2006/ 039169
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TABLE 6 - ("Series 11" Case - systemw th no | oad on
feeders) Summary Table of Fault Current (shaded
bl ocks) and Current Distribution - Ungrounded 480

Zon Al Feeders; Feeder 4 with 1.0

Volt S stem 5 Gound-Fault at "Far End" o
WQ 00y IIB %@gzggsg@mw

Capacitor Connected on Far End to Gound (Current in
mllianperes as sensed by a core-bal ance or -
differential 10 current transformer, unless shown

ot her wi se) TABIE Bdr(FSdrits 2I"FC4s8 ~fsgistdm vRtinseloai ou fickders)
Fault on Main Bus Solid ground fault . ,366 8 12 25
320 700 o mwmrﬂbfﬂflmult CurPeifd(shaded blobks) aik® CABLent
46, 000 ohm ground faul t ,15 Zl Phase- G ound Fault
on Feeder 1 Solid ground '%tﬁ”' 3“362 12 25 320 700
ohm ground fault 1 1265 2 19 ¢ 46, OOO ohm gr ound
faul t 1°7 HighkResistanea G s‘-'iiu’fﬂ“'" stendh) Feeder 2
Solid grourreupdn¥ianlt at ‘7F59‘E“d’*°fF3§@m;700 ohm gr ound
fault 1230 Leml @08 Bpedepssound fault 1 0 6

Phase- Gs o Redddraiuvith .0 ulF@d-ge Capaiddor €ognetiertod Bar End to7
12 " ;r! 3QfgaMim@s' . 320 700 ohmground fault 2 2 237

46, 000 ohmetan ifmiiBasperks Bs £énfed 13A6d e BaRinosloFdiffetential

10 on Feeder 4 SotirfendiinBférmes) ulnlels shoh# etherfise) 700 ohm
ground fault 1 4 9 19 34.
. Main Fadr1 Fdr2 Fdr3 Fdr 4
{ Phase-Ground Fault on Main Bus
Solid gr.ouﬁd fault | 2035 2 25 320
700 ohm ground faul | 332 2 2 4 52
46,000 ohm grownd el [ 2 6 i 5 9 7
'} Phase-Ground Fault on Feeder 1 —
Solid ground fanlt | 2001 12 25 319
700 ohm ground fault 326 2 4 51
46,000 ohm ground fault 1 0 0 1
Phase-Groeund Fault on Feeder 2
Solid ground fault | 2005 ¥ 25 319
700 ohm ground fault 328 2 4 52
46,000 ohm ground fault 6 0 0 1
Phase~-Ground Fault on Feeder 3
Solid ground fault | 2002 1 12 319
700 ohm ground fanit 328 2 2 52
46,000 ohm ground fault | 7 1 0 i
Phase-Ground Fault on Feeder 4
Solid ground fault | 2005 1 12 25 L2005
700 ohm ground faplt | 326 i 2 4 : 32.’7 Lo
46,000 ohm ground fault 7 0 0 0 . . 6 -

Note: Underlined currents on the non-faulted circuits represent a sensed

current at or above a 5 mA protective threshold leve).
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46, 000 ohm ground fault 1 0 0 1 1.

sensed current

threshol d | evel .

e Arfberoz

phase- neutr al

at or

above a 5 mA
-20 WD 2007/ 047162 PCT/ US2
("Series Ill" Case - systemwth

Not e:

Under | i ned
currents on the non-faulted circuits represent a

pr ot ective

Fault Current (shaded bl ocks) and Current
Solidly Gounded 480 Volt System 5

G ound- Faul tABLE 6FaFSEid 10l afec i with b adrvudeeders)

Distribution -

Phase-to- Neutra
Di sconnect qimq,ﬁyg,r
or

cor e- bal ance
encl osi ng
10 ot her*wi

Load on All

cond
8 r

0
Faul t om Nerowngdulier fBaxEedihef Fegders;
700 ohmegrNuhbdad esuAll Fedibrs;" , |

0

Feeders;
BiMe b Famd (tmmqgmﬁieasnc&mmd Current
i fferenthairibugightent transforner
hase and n%utral

uct or s,
3 dr

lczl ;

Feeder 4

%ﬁ@@?@ﬁ%@@

| oad on feeders) Summary Tabl e of

unl ess shown

4 Phase- G ound
"3 4 8 -
46, 000 ohm

ground feauldeder, 4 with 18, pl Strgé Chpacifdraanerted onl FraBhd to

on Feeder Groomdi d ground fault 2.5 kA .

"2

2 700

ohm gr ound (Cawbsit in SENALPeres. as sénskd by a core-KlakROr dififerential

10

ground fault 387 0 38S

0 -

YA ItA :

I

ground fault 6 tuitent trkidSeinidruiilebs bieii oerdisgder 2
Solid ground fault 1.4 kA I

- 700 ohm

46, 000 ohm ground fault

current at or above a 5 mA protective threshold level.

20~

.00 - hase;ELnund_Eau.LmonmEeeHer 3--Solui- g ouid
a : Al | M 75 [(BIrl= o jlgdr2 Fdr3™ [ Fdrd
Phase-Ground Fauli on Main Bus
" Solid ground fault | . 366 3 12 25 320
700 ohim grownd Fault [+ 370 = 5 ) 18 73
46,000 ohm ground fault |: 7 i o i 7
| Phase-Ground Fault on Feeder 1 3
Schdgrownd faalt | 3 | 362 | 12 25 320
700 obm ground fault ) T R 1 234
46,000 ohm grownd fault | 1 T 0 i 5
| Phase-Ground Fault on Feeder 2 —
Solid ground fauit | 1 7 25 319
700 ohm grownd fault | 1 5 19 237
46,000 chm ground fault 1 0 1 [
Phase-Ground Fault on Feeder 3
) Solid ground fantt 1 1 12 326
700 ol ground fault 2 5 ) 37
46,000 ohm ground fault 1 0 0 6
{Phase-Ground Fault on Feeder 4
Solid ground fault 1 7 2 25 N
700 ofm ground fault 1 2 g 13 T34
46,000 ohm ground fault | 1 0 0 . T
Note: Underlined currents on the non-faulted circuits represent a sensed




El

700 ohm ground fault 369 1 1 46,000 ohm ground fault
7 01 Phase-Gound Fault on Feeder 4 Solid ground

fault - - - - - 700 ohmground fault - ="- - - 46,000
hm.around fault - - - - Note: Underlined
Wg’ﬁ“‘{"%’é%ﬁ%m faulted circuits represent a sensg:ghg%0§f°39169

10

current at or above a 5 mA protective threshold

l evel . -21 WO 2007/047162 PCT/ US2006/ 039169 It is

thus clear that the conputer sinulations validate the
concept QABIIE7 —(§*SeRp TP Cuset §y@tem with iuabsiavcedi phaseneutral
that such fault determ nation ¢ e made wi.t hin

appr oxi mately 0.010 secoﬁ‘tf‘dd?“iie%‘? aul t i ni t i.ation

s e n ESW“‘S%/W?@;E‘I" Pﬂ%&ﬁgc‘gﬁ?'{"sﬁr(ggﬂﬁﬁg %b’ b’é 75'}“ Il}{%nlbuﬁon ~

first peak current that i S above the current pickup
t hreshol d)*  SelidlyGrennded 480 okt Systems; i at i on

(circuit ¢ ntGronugFaukpt %TW”&@E@?ﬁfmshed wi t hin
0.025 to Os O3mbabooetiPluise-taNeutrakfiqadm At Feasers;

typi cal | ow \Febdagdisgmheded i ons, and within 0.10
second (t eCatrentinimRlidnkjRred ;3wRised by arcaid-bilande oralifieiential
Ci I Clnirelt AAKALFMer Gklofip phafldndRutrhl édnidaclofs; RARkOGYwWN
on systems 10 rated above }ff}pwike) ts phase-to-phase.

The concept is sinple - even though the sensed

currents in nultiple feeder <circuits nmay be above

the 4 fanA‘frin.Ig\/aI’ the thrag ‘
CIT T hds MplRe ¢ ent o#"dbzregf"é%t rragniFf'D‘éle

Phase—GrduﬁszﬁﬁoﬁMaﬁlﬂuE that "hag the groynd-fault and i ¢ the

anly..clreon t add +t o bho-—tt: A

ol ana Lo
Oy < 1,0 u"u‘_ T U IJ.C C I |J g Aalt IO.UI ._.
15 ASPHS rgéou%d:)fﬂ%r'ehin -8 application of this idea is

an TPoehegooekied -G89 ":sdnsi 8g sy$t ém { hat Woul d -

y=— derl Lee-phaselsystem—For e,Vj#pJ—e—\ ;
thﬂ"ﬁ"?%”%ﬁ%"f’%’rh lhat coulld be applied on__main .

TZE\068 R eronnem [ pF@E echHTomgr evel sTW{hi i & e

| ow salldemgmi tai|t Gsg@ar jamiSidownst fean pank| boar ds,

ters ﬁm Sti—acconpttshittes
discrimnation,| sensit vidty: ang speed necessafjy to

S e ol i jrer-sS

o0k eropw faiitdct r Beut ifon. &t al] Pevels. © -

Phase-Ground Fault on Feeder 2

Solid ground faukt |  14kA I -

700 ohm ground fault 387 0 -

46,000 obm ground fault 7 0 -
Phase-Ground Fault on Feeder 3

Solid ground fault | 0.75kA 1 -

700 ohm ground fauli 369 1 -

46,000 ohm ground faolt 7 _ 0 -

[Phase-Ground Faunlt on Feeder 4

Solid ground fault - - - - -

700 ohm ground fault - - - - -

46,000 ohm ground fault - - - - -

Note: Underlined currents on the non-faulted circuits represent a sensed

current at or above a 5 mA protective threshold level.
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The basic concept inplenented by the present
invention is the provision of neans to_ (1)
continuously nonitor the snall capacitive currents

hat flow t hroughout a three-phase power s _ '
wé aff%itﬂﬂ 1% ﬁ%/gjlgi_ege_m’}smw

10

15

20

25

30

| ow-| evel or high-level ground-fau
at one extrene, a fault through a person's
relatively high body resistance, or at the other 25
extreme, a |lowresistance, solid nmetallic fault from
a phaseltipthdsidearithat thegownpia) simphjionsyalidateihg sonaspt of the
source of the fault, and (3) simultaneously react to
(a)prqsﬁ}tér?vreﬁtb?n'the -faulted source or feeder line, and

) Al o

circuit ng, a schematic _
Ci rpptokintitshod.ard sesorsiufitire fpelhimititiby (i.ci, by seisingtand determining

ol oy st B eE IS B o D BR s Pl ot hat
PCT{ 4450006 038t BRIuphie3hd1ay) Blirtieiméne] dlednidal Bolation (ciroiit
shown) to three power |ineg ,1& 14, (%Bd 16 E{aow'dl'% P
t hrirtemyRsing) capika secomplighsrl vdthin .82 @000 sesonth gt oty idation for
t heulil &Ry Jtagd Appliehifbns, H8d HiBint O ERCSRHLM oY fof the ERower
shown at 18, EO, and 22, respectively including three
poweeratiomefaonnal cinguitbreakershfor applicatiensof this tgpfpojQey on pystems

anqat%%gg%@ée%“?ﬁﬁ%ﬁ"@& 0 Fig. 2 is a GFCl system

i n-accor resent invention. The system

P90 B ST S i s e

Ci roircmitssnalythe aBove thedl to@mAr eip poet, thedhige-phisa d¢edgradicuit that has

uni t includes roundsfaul t . ) S| :

o, S Bt § bRk ey P s e
an@nB direbik thabicedkerns tigped eadolhdder 10 circuit
(designated CBI, CB2 and CB3, respectively) as well

as a NMiAmedRPhprehiiisialappliciah of This idey ¢ armtetlodked GFCI

i ncl udes a system pr.ocessor shown at .24 hayi.ng in S
30 5CRF0E S3icT apt BV R T TR C ISP £ AP

é‘i %ﬁﬁed"tﬁ%@pﬁﬁg shsien. [rRe Bheinpls & ITFUT Sys@nSthht cdaiis applied on

‘and respectively connected to the main circuit
15 mpiR loweyoltemssvaifrhgeds and dapasgran pERLPoardsy ar ptapgite! centers

CB ohd siftPpofiiplishH dil B MRl Akivity Batf SreafibboldhhiHb Sroven:
are Wwred to, or otherw se connected by nmeans such as

f i plctroptive at dldevelmi cati ons, etc., into the central
processi ng device 24 which determ nes the magnitudes
of cur r @h¢ basid abapt ngeratrdyd biethe preeant inyentpa is the provision of

' esrge%%é {'0\/(?) cso%ﬁr%?orugly n%ﬂoxeﬁlg b&n capacitive currents that flow throughout
a three-phase power system during a low-level or high-level ground-fault (i.e., at one
extreme, a fault through a person’s relatively high body resistance, or at the other
extreme, a low-resistance, solid metallic fault from a phase conductor to ground), (2)
determine the source of the fault, and (3) simultaneously react to (a) interrupt the
faulted source or feeder line, and (b) inhibit the tripping of other non-faulted feeder

circuits,

In Fig. 2 of the drawing, a schematic circuit diagram is shown generally

illustrating a three-phase, separately derived power supply circuit 10 coupled (by a

2.



actuates or.inhibits the associated circuit breakers'
trip units. The current magnitudes 20 or_fault
signals used in the determ nation can bé the peak,

Wg\é?eﬂ%{?)%gf% or root-nmean- square neasured cur %gf}[@zoo&;&glﬁg

nals could be digitally processed
filtered wusing anal og neans, such as passive
filters) and be represented as a fundanent al
power - f requency conponent only (i.e., 60 or 50 Hz) in
or ckasintpanel opsvatehablelbwscnot shovart)ito thréeqiowbalihes 120%4; et 16
flow fromelectrical "noise"_or ryoni ¢ cur.rents
o5 RUURR Ep ey B FREIG A B L6 (o p R e T Sl and
eacts freteerfedler citbuits hoaaleel s, 2CBInd 20B2spatidelCBRIuddfy three

this separately-deriyed three-phase system has an
as SRR ’re%aﬂ‘gsf“\a(ueﬁt&g 36?‘{1@%%?3/"@52 and GFS3)
i mpl enment ed.as a .core,. bal e sensor (current

t r ansf or'HE §epk 1% éha stemdp agpordgnce wish the pregeny

. 56 HemBES T SYYom IdRleSCFOPERt RS hA&I GPERE m@?%amcﬁcun,

10

15

20

25

30

t hr ee- phase conductors (and neutral conductor,

appid gaity @FCIIEGERI2 and (HKIP Biededdsedesnity 1§, 20i and 2R ersipsctively.

i nc . L iy ok -t '

- 231_5#9 %@%@%@%6&%&%%@%%@%8@5?%@ S?r"?’g gﬁ% * of

t heregpiectonalyd,. as @bes themsiosspEy (MGFS knd ciront bladkdre for each feeder
separat e, ar f [ grate Cl circuit,

o Safe ) Gt GBE P e R Rpei R e gl i spoely

al sigedier MQBOr porated into the subject GFCl systemto
assure that the sensing and tripping circuits are

al ways fnu eﬁieanﬁtg%@ﬁash@y%@ pi'ogéb;fﬁlfﬁhﬁfvﬁ arzgﬁaavaigaﬂ;mts
can,a e.included and initiate en e

sygtﬂe%i 4804 SQipsBestivelyRerRer fQ Wi BemorBsor MGFY erfhe fegder
ex GRRdRdsKdl, GPsH, NGHFSD addMesSRAPEY cornb@ed RIRSRARR et

determ nes which GFCl unit has the hi ghest ﬁ%%ﬂl t ude
of WekeddCBand therte vt deqdgeling treakersiGB1aSBR gad BB nThase sensor

f eqfisits fhutplR trd WEe OO0 WAttt bodBedPho iR E%% aé_ﬂf‘?gpopﬁc

tripped (through trip output 40, 42,

t r iepigications) gtc.ontedhe ¢antralaprocesting devive 3d wthinhedsirsinineb the

bl F b hi ' IS trips., .
PSRl of AbloBls i 39085 oo Bl the b BARE SercblsP cither
s enssdtes arinighifs the assneigied tiabd tgeakadsetriptuniag The emrent magnitudes
threshold trip.,.evel, due,to the,capaci,tive charaqi

Corcr B stenels g H e et ot 26 S AR e, Ve prbet thoan-
C Ursty@dté measred uabas THelTiiult fignad Ul teliadifaBy pfoResh8d (or filtered
al ways b? | ess in magni tude than the "faul t ed"

f e Analae PRDSCHERASIET Y fiirsriend Be waregented as a fundamental

power-frequency component only (i.e., 60 or 50 Hz) in order to improve
discrimination ‘of fault current flow from electrical “noise” or harmonic currents on

the power system,

'The main circuit breaker MCB and each feeder circuit breaker (CB1, CBZ
and CB3) of'this separately-derived tﬁree-phase system has an associated ground-
fault sensor (GFS1, GFS2 and GFS3) implemented as a core balance sensor (current
transformer) schematically depicted at 50, 52, 54 and 56 respectively, that encloses
the associated three-phase conductors (and neutral conductor, if applicable). Each

three-pole feeder circuit breaker includes a shunt-trip device to facilitate rapid
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one GFCl unit exhibiting a sensed current above the
t hreshol d, as determ n$d by the processor 24 (as
when there is only one feeder in service or there is

| ow | evel, incipient ground-fault),
W@ 2903/{9?('{1 PE’P/?1520061039169
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3 ncl udi ng that unit will be tripped
operation, and referring again to Fig. 2, which
illustrates a typical three- 20 phase systemwth
three feeders, each with a GFCl unit including a
or atipting efithd circsﬂriémrseris@'?s&)ld breakerswduld lprsoparate or fopored 80

the syst oces nd lead to the trip of the
ap Pt P'iegfrgg%if"?%‘&ﬁ ¢ "H;zt (CB), should phase A of

feeder 18 suf.fer f,a fro ase At Th

cur rent § ¥F8 ﬁelﬁa'ﬁ“t ?EJF@{“E? ?@E}SBE’C g}cgrpggae LtFer é‘tbé sqfGFCT
s?gtem ko ashite @iabltht BensBigaH® ﬁ'lpﬁfng&{rb\ﬁmrd diwaysduhctionleA

di s but ed capacitance of t

er,
| eGPt 7 38 81D ohn AR beGCli i o0 Flﬁ&?fﬁ%fﬁv%ﬁen the I -
cap‘@&éﬁ, ?ssa&‘e@&pect ed between ground and each phase
each feeder and having currents loci, I= and I.

Th e f awen $eRRELIM n@qwemtex&éédsda@ ube nﬁszanf. 5P Relsdr/the

ternms of hese currents and

+| @@@essotmwrmm m@c&sr(’eFfHa@t@aﬂ mlmgh?swa&m‘fuslé pEspmsed
gr %uﬁait REGIRG g,gay}a; )9{) e%depﬁiagﬁﬁ‘ilﬁesg?%d-ﬁglt d must be

because e curre Ion on the system during

eadtipyiey ffibrongh gxpmnt;mtﬂ&lﬂzt 44, or 46| Thytripying pf zﬂbcptbmf;eders will

d j t hod . t ' . but th

R eBebnd o s AR G les SR PRSP R S B

th h f th that th h

the ot hERFsaler Bena g B Mo man { shiiopizpte

f eeﬁ@mtudésgreﬁtelr thah %eaxﬂblﬂﬂdl&ﬁ) loed ?T t;) ithecsap h@:gt_h?tmm@ng current
c I.n, the cen cessor I N |

’ ¢ EEpReL ORI T U Byl R 1 Syl b e BRtsoharts) to

Of ol 448 be [EBOIA intdgdRudERKAShE MBulfdCleedit SIANR ¥RRE ydh@&‘ﬂﬁr@ls only

5 Sol i dl y- G ounded" System Referrl%&fl rst to Fig

3a ogp GF Shuniberdibitng wﬁmdrcﬁmrg abgwsibeaiireshpidvg r-‘lﬁtgrr@f!?d by the
%F&ézﬁséx ?f@s fiher tilefé"lé nl??n g%i' & RRGkeldd %er@xs%.qjeiﬂow level,

om p ase A 18 (Fig
gr oneilevigrdund-gsali), tthe eircois ipsihuing thas pnit 36l bnirmﬂaed he
phase A to neutral 10 voltage and result in a
relativél qpemngm dhd péferriog mgaimto Nig. 2, whiekiluktrales a typical three-
th OHS
5458 g RS0 PO, G e 5
sensor (GFS) that will prowde input to the system processor 24 and lead to the trip

of the appropriate circuit breaker (CB), should phase A’ of feeder 18 suffer a fanlt

"F" from phase A’ to ground. The cutrents flowing in the circuits are as illustrated
by Ir, Ir and the groups of arrows I, and I.. The distributed capacitance of the feeder
«cables is illustrated in dashed lines as three lunped capacitors connected between
ground and each phase of each feeder and having currents Iy, Ince and Iges. The

fault signal or current Ir can be expressed in terms of these currents and Ig as
Ir=locr +locz + locs + Ik,

There are basically three different grounding scenarios that will be discussed
because the current distribution on the system during each type of ground-fault is
slightly different, depending on the method of system grounding, but the current
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and zero sequence inpedances at the point of fault.
During the fault VA=O and the unbal anced voltages
that exist with respect to ground force flowin

ses and C of each feeder' (see currentg C’#[@Sﬁ?@% 169

w$ﬁoolyo‘g165 and the diagramof Fig. 3b). These
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currents add to loc and could (but for the inhibit
function of the present invention) result in a false
trip of the non-faulted feeders (20 -and 22 in Fig. 2)

h A édﬂgﬁ?éw@fs hi@erﬁlﬂlihh‘ﬁhﬁ)g.ﬁle&ﬁeﬂﬁr feedeeedizing a
tetr t hresho el,son' s ,bo is.,inserte

oot FEBHL IS LA S o Al B GaeAed B0 Pt logie in
f or the yedal ﬁﬁ))@%ioﬁi S gtinhibf Aibpisdbifthe dthertfblefiGmrtl s8hsed currents
vol tage w initially occur, the 20 capacitive

chatigpwiey ragritedermaiies the Gled SYSITRMENEBHG n al | of the
feeders, and the feeder currents will initially sum
to zero. However, when the current through the body
exceeds the 0|ckup | evel of GFS1, CBI will be tripped
and CB2 ‘Saldlpgiowded” System nhi bit ed, And dependi ng on
the magni tudes of lce in the non- faul ted feeders (20

and 22 iReferigs firsf to High 3¢ #1d Ionandihe cuirming sispipting, charts of
thef Jﬁe%ﬂs l4Sit W@&\ﬁr&@ge 'tﬁ’é’&ﬁpfaul@“_’ﬁ"afrsﬁ Bfe tA" P foeder

si'st ance St em Turni ng n wto
F| gk& (de 2)atm<grwmd vl desvh én eompli¢te depnepsion nfithe phase AS trareutral

Far 6l R e Ry AT Bl T BB oo of

gpoamﬁmmaahm ldgﬂﬁd)ﬁbdbﬁgi\&/ g\etermmmm:}athp hm cpnilivef megative
I re roun || S I

ot et so i i angestat eyport B Rl St B By s, and he
Cl Rigibhlafideh volt@dé\ﬂyaﬁex@ Whiﬁfé@@dtﬁ(%@aﬁﬁomfﬂmrpﬁageh BandC

| cookpat g i cutinih mh i gt SASHPrEs o Fia s o

TOCcurn®s t&@@t%‘”l & ghd dotlldt(béiT6r BY RREIR Ath@idf lof e Bﬂesent mventmn)
overvolta% uring arcing ground-faults) rin

f autegult injg mwﬁﬂm&mﬁ‘wl@@ dery (PO ape 22 é‘XFlﬁt 2)\/11”@!9 magmfudes
res&qggfi ttﬂesgre%ﬂé}ge{déé&* ? el ?g currents of the

magnltu ult signal IFto
f I ow | n ’ ' '
IPQ @?ﬁ? S &eét?@gcﬁ ?:Pﬂglglg%%mfg%rﬁglg é?haatsee A’ of feeder
I e nt,& hr @mm’ph;)g 1h:ugldﬁmm §he 1) the oextrdl voltage will initially ocour, the

capacitive charging current will remain balanced in all of the feeders, and the feeder

currents will initially sum to zero. However, when the current through the body
exceeds the pickup level of GFS1, CB1 will be tripped and CB2 and CB3 will be
inhibited. And depending on the magnitudes of Igc in the non-faulted feeders (20
and 22 in Fig, 2}, but for the present invention, these feeders may have experienced

a false trip.

‘High-ReSistancc Grounded” Svystem

Turning now to Figs. 4a and 4b, and the confirming simulation charts of

Tables 2 and 5, The most severe case for a false trip is when a solid fault occurs
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result in a false trip of the non-faulted feeders due
to the flow of capacitive charging current. However,
the current sensed by GF=S 1 (IF - loci) will always
be hi gher than 15 the currents through the

G=S
WOIPYYF2 t he other feeders. Depending on t h&CT/US2006/039169
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magni t udes of capacitive charging currents present on

a particular system and the body resistance of a
person who contacts the phase conductor, there could
be SeHR pHase @bndubiof Hirdctly td@rotl)i.6.8V  Wilet @@foub pbtehtil BY a
result in unbal anced current through the non-faulted

f ectpbif U fFnBRaSHA tREPERAGf aul t contact, 20 but as

i ndi cat Q¥'T bles 2 and 5 above, the faulted feeder
will al S @%ﬁerience t he hi ghest magnitude of

current thrqugh its GFS. "Ungrounded” System As shown
in Figs.hSE @HH{Sb, and the confirm ng sinmulation
charts of Tables 5 3 and 6, the fault current |oc

in an unéfﬁ&ﬁﬁé&f§ dlremis nmade up entirely of the
system charging current, which for many | ow voltage
systens can be approxi mately one anpere. The GFS

unit of the affected feeder will sense the | argest .
cur r ent Anderhera theeesistor, R, (15842 is sigadiso thet Iovillequatia: during
uni : ¥ [

di <% PRSI s ERal o IR0 2 ohiben B AR K Sfleh faltf

f e cakervoltages therir@arcihg grogndefauits)oluting the faultj the nubalanced voltages

A ) s S T et LU et

c apaagnitidecascleuiphlit signdl &y tgiflound phiseoBghd Chiseedainldd; in the

chat.gi n capacitances stil ke such syst

sh ot ERBR Rt oo primoreepaift o mdn o) sy ooutd

t hrresi@iin 8 feiap of the POSIYaultdb fop@drs o Bhét flodbeNRpacithe charging
present jnvention includes. a plurality of G- 5.

uni PERNdoweE e W%ﬁgﬂfﬁﬁ 5% I3 rr Jom Wefl afways be higher than

O QEO et tiroSlY 86 GFRGnANEE (84 bthskithedeisNt €7 F Upti ng

system for use in a three-phase power distribution

net wor k DeP&lditdl dihémablifu88s FHRasRIHVe YhdBin f:mgérﬁla&%géé'eﬁ%n a

power, a three- or four-wire main circui
pl wragicplaysystem; prdide bedy gstrnogiof 8 prseniwho eqntasiy the phase

O c Y . S v . . . _
C 5y Bk B p B e i o i
2) vebslticndiowsiny thi@ighdire ronrfaulited deadeis riubiChe hnman fanH contact,

2 IR ol 5 U R A e
| ntibe ightstmagniudeod duadnichiag its GRS!

“Ungrounded” System

As shown in Figs. 5a and 5b, and the confirming simulation charts of Tables
3 and 6, the fault current Ige in an ungrounded system is made up entirely of the
system charging current, which for many low-voltage systems can be approximately
one ampere. The GFS unit of the affected feeder will sense the largest current
magnitude (Ir — Igcr), with the other GFS units sensing smaller currents in
proportion to the distxibution of capacitive charging current for those feeders. Note

that even though there is no intentional conductive path to ground from an
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inhibits tripping of the non-faulted circuits.
Operation of the. processor 24 is shown.generally by
the logic flow charts depicted in Figs. 6 and 7. As

Wﬁ@ﬁ%ﬁ#@z Fig. 2, the processor 24 conti nuou?ki‘m%%»gw%s}plw
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This o

the current flow condition (the magnit
the fault signal) sensed by each GFCl unit to detect
a fault and nakes a conpari son of the sensory output
(fault signal) of each GFClI unit to the sensory
o ut mgrowfledbgysteno thesapagitive cwplluetoafmdéhnoheh the oghdt tlowging

d ot %ip%q%xg 5 s@: é‘x%%(% EH%P' o Qho%i lé?zragﬁ'ﬂ%t calg Tesult in fatal current

mtﬂaswttpmghaqmboaislbody.her feeder circuits are
inhibited fromtripping. 20 In the case of an
ungr oundegpoiiytsd emabiofe, tit prosgnt irivantjondnoluden b phsalitg efiGBYI

th t d
t oot aifa POt karasete” BB s apb it deheehR afrpui
val aertuflit byftSmOfoN sk in @thieelghoéc R wet disRiButidn HebWaR iddRling a

mai n unlt I's greater . than the current through the

f e clEsE-MhgsCHoWce Qbelastiicah B Ghen threR- qrdoy-wirgmpin cirguit, and a
suggesligdritted-Re ﬁgdr%’re%éﬁgf @R, AFGﬁCI hit i€ provided in the main

determnation is de that the fault li1es 25 wthi

t hecireiit andinreach of thﬁ &e@er cirguity: Theirgergssor 24 gba2) p@lttnneusly

ma.i Bm‘r]'f o tht Blatn ég?cf |iPankiWeh BRIePGEET &H{&) dfe! nﬁﬁ@ (Nhe% and

course |sa es the entlre sys on the

ot heherhafrilt bahecanured,@and intrhspoosghhdréte nrrmmptamhe favited cigduit and

B ngmﬁaigeﬁn%&ﬁ’eﬁ%ggw&é%é?m-"fnai lon' i made

an i niieritob o RatpResGEA s Mt ool el edbtes A Fpars

t2 god;e;pigtdgllm gtggjg?msg gngshdvhelnrmg 2, Agshe EJﬁjdb.‘Isgr 24 @ﬁnmuszy
apbove te
bei AgH W Hpwen gfwfeto Shegal Slﬁﬂ?)rséﬁed by

i S @bis GF@Fh:ﬁﬁtoQﬁfﬂéﬂé fadllt bkt BAER aRbipirish BEBE séﬂaen?; oBtput (fault
fault si- naI current, and if it is found that

cursignab of pach SECTawit e the gensonyiomiput of eaplsothetteitute ﬁ?tyrmme the

ar el@&a%(m qu@ﬁuh hl?ﬂcecﬁxe {oBRicR LPL Fanlth éi Geiétnintd, tthé ﬁauit@c{ ﬁ:eder

exanpl e, greater, it is

f awdineuit esnteesptﬁm arsl albrshas ffeede circuits dreindibited frpm Hipping.

and a trip signal is sent to the G-Cl unit of that
circui t Inthe cageiqf ahwsglopiak eysteniif at hay tmeputtentsensed by the

Pl P S5y L0 56 G i B
f eabiesholthvdlthes(shahidsts mAglaﬁi if therauerat thisughtht emainadnitis greater

t han eder it'.s fault signal
O rRinhe Cotfeny BRpaR i torden By § pusttipifed Pttei 8 U, o
aﬁmﬂggekﬁ& bf @GRARIw Giaf:ath If Fig. G,Tdea@érlnufaﬁSﬂ%rmﬁb fica tHeFault lies

are | nhibited
within the main circuit and a "trip" signal is sent to the main GFCI unit to frip the

main circuit breaker. This of course disables the entire system.

If on the other hand, the current through the main unit is not within the
predetermined margin of the current through the feeder unit, a determination is made
that the fault resides outside the main circuit and an "inhibit” signal is sent to the

main GFCI unit to inhibit tripping of the main circuit.
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10 fromtripping. Alternatively stated, in the case
of an ungrounded system if the highest ground-fault
current level (by at least a 5% margin), is detected

b%)the sensor in the nmain circuit, the main
we
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WO device is tripped. This conditionPGEYSHoe0s916
mean that the fault to ground is imedi ately

downstream of the main's sensor, such as on a 15
panel's main bus bars, and the -main sw tching device

needs t oAbhe kibdvieedis Hefnganads reatH feedek abhlt's faﬁltgigﬁhl current is also
current (but still ﬁe@dt he, 5 '

“trip”
s belnkeanmid la ot B8 Ftshaned e s s fognd that

Whaiheicrré® BRGEh MY tf&ﬂerr{ﬁﬁt”}(" datbrial o AR dhat bathk ther
signal current  in the main is not a east 5% greater

t hafregeranits Ensuampla, ny 10% gesgist, itis detgmpined that thefaglt resides in
SWi {iahirbd $eVdacurdiS iy thF g}gﬁﬁl%@eﬁt P éf’miﬂkﬁ’ t@a.ot/%lrcmt

margin was chosen as an arb ur e erefau
si gtedrip dte breairer. Aflthe giime murdulbem@ablar%eat tg@tluqmen&eéﬁumfs
bet i

g&e ﬁﬁt%lrf@kﬁ} aﬁaﬁg"“{t tgggﬁ%reﬁsﬁh %H f%e%er @ﬁ&%&l@mgmg‘%em is
o n tnhtenélty‘geammﬁa&ﬂhy othes feedar uhi:t's fwltlstgnalmnkmntf iis determined

nor C i guration an unper, f U|ts

( SelBhags bl i BOB= GRS lincad «f S bt Bhied
not fr6@MPwnd. oday, and the conplicati on of the

"sensed current magnitude conparisons” between the

mai N andAkRRMREIS stefeds R &6 ofh UnBRUHMIGYStem] I e Highest
conditi ons of an_ ungrounded s st em . However

t he
| ogereundgipit surresyt levpiby éHefrsat éa&egl\%é% detecie by the sensor i the

t hr 8QmRABSE tRMRLIR Fvit &1\8@ Cg;»&ﬂ”dﬁﬁ Bhdi&n would mean that
grounded. -28 2007/ 047162 PCT/ US2006/ 039169 For

t heths &ulidp grognwn@mdm e pishemen'sgersgnduch ason a
V‘E eBYmlify Bhs ﬁwtlﬁh svﬁ&h rdevﬂ?a/ ne d%to e tripped. Ifa
np q y the Fow

ance-groun yste e Icte
di agmaller fablt sigha cuﬁentt(bmt stith abﬂvs tﬂecﬁghA "gipthrgshodd) desepged on

det th t d
£ aut P et SR Caed S R P el Bt et B regonsed
MA B0H sighal ¢luOGe® int the Enaﬁmg@_gt A1Ckast(9%4 grlekter than thhDdnsed in any

209 o the ni.tude . of fhe fault. signal current
S en e Pty e Ripi SRSt gIg devier s Tyt fEbina
ItPlhlpglezie'er SAOQa}gEI; &gs &%benl afs arrx]grtbitratr;] ggure where a&lg nggnal current

levels could be easily discriminated between the main and feeder circuits' serisors,

and is based principally upon results for the simulations on the "ungrounded"
system. It would apply for a normal configuration and number of feeder circuits.
- (See Tables 3 and 6).

Ungrounded power systems are not common today, and the complication of
the "sensed current magnitude comparisons” between the main and feeders is created
by the unique circuit conditions of an ungrounded system. However, the logic
works for the general case where the three-phase system is either ungrounded or

grounded.
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As in the previously described logic, as_the above
test is being made, each feeder unit's faul t si gna
current is al so being conpared to each other feeder

's 10 fault signal current, and if it |
" Xﬁ)ép&@%@&mnw

WPHQ’(”“?H@’ current through any feeder unit

materially greater than that of the other feeder

units, it is determned that the fault resides in

the circuit of feeder -unit "X", and a trip signal is

sent to rohe mﬁﬂy.gmuhdsafand h@tremtamel ptouhdedpoiver §yistsms (or for
breaker. At the sane ti it .sSi S, ake

to thrimalich@py ImRg p-gmﬁgggds(y ‘?‘ﬁﬁ?g?ﬂl&?cﬁ%y e%]f’l ppI amof
I'f @p 1 &H@Fogi&%ﬁﬂpl?r Reds eEairmiRivhethef atiot tigi gmaid—fault

15 ctirrent 1s materially greater .than a ot her

i ee@jmentmufaults:nanalﬂe@seéuogﬁa}' ofthe ? fgrs 1s|apoy%/5 m@‘@@l‘?ﬁlﬂ%’dn

th i 64230 3BNQ thdBadnBBECsS R fa8M bipfial cafteht
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bl osshsedllmglemrotfucﬁltg If 8, the mainria prhibited fram t@nplég If pt, the main

fundangnta d conponents of an exenpl ary enbodi nent of
SEHPPhvent | on preV| ously shown 20 in a nore

general i ed fash| on h

the gr oMtV IR e ers‘ffl g%@gsfoergnaj?ds"@é%?n%?)ﬁs %de e

Pr ofeeds Qﬁlt'afadlt gigRalstaent is aiswbeﬁmnmmd teecach gé@h&pder umt'
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se n&%nﬁﬁé@@ﬁ&mﬁan(tﬁﬁ%ihem fedae vhitsedindeternineithal them:ault
unbal anced ground-fault curre é}@tha

t hr weidesoin thecieyit effepdsn poi 2K gp %‘%L'g\égntl il E@‘% pgitof

A" thaﬁﬁrcl.ﬁf‘ll ﬂfjtnﬁns bfAkCRPAR géxﬁkgnﬁl@ ishibibgigeds Ar@fenit aLult c)ther
wre three- ase system e GFS coul d he conp (fslﬁtmgna!

of &ewmwmounm?at thmr ﬁmmq Efronéb? eherfhand, pe deedgiyyt's
C ur r Eat & %@a@&{aﬁg &%ﬁt& hah aly‘&ﬂ r'f@eﬁeﬁﬁllﬁ%ﬂ%l%rﬁy Burfnt, it is

e case O wer system current unb ance, oOr
i t dﬂm’n:rﬂnadnhdt ol éauémeﬂlﬂmramo;lg thedtedengircaiiy, asféﬁbfeﬁ@cr circuits are

devi a.Hall -effect device) that supplies an
out “%grr&é'rﬂ'p%? Evol tage SI gnal 30 representing the

T

t h e c&ﬂﬁﬁx@ﬁh of & ex&lﬁp&rﬁﬁxﬁmgm lof the ptebem inventimngireiessly shown

by a "sender" uni 7/ to_an ropriate current

vol t%@orecgenqrqﬂ&ﬁ@ %a@ﬁ]p Fig, %gl? %ﬁ% e ourid-fault

PCTL 280 4432 R 20m fi?efd dfe pﬁ&ﬁﬁtﬂfﬁlﬂ&k@ﬁmﬁ hitaftgh davice together
appropriate neans o gnal transm ssi

1 besthopuimbeit QRN B esdoR b G o LUe) dpgeetiinated n Fig 8

e

pr evhizilsicyd gromddisule purrane that ﬂows in the three (or four) current-carrying
feeder conductors A™, B" and C"™ (corresponding to a three- (or four-) wire three-
phase system). The GFS could be comprised of a conventional window (or core-
balance type) current transformer that supplies an output current in the case of a
power system current unbalance, or it could include another type of current-sensing
device (c.g., a Hall-effect device) that supjﬂies an output current or voltage signal,
representing the instantaneous measured current magnitude from the GFS, in
response to an unbalanced current flow in the conduetors. This GFS signal is then

translated by a “sender” unit 37 1o an appropriate current, voltage, or light output
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whether to send, or inhibit, a "trip" (or "open")
signal to the '"circuit breaker" or 5 centactor
through the Processor's "sender |I/F" 25. The trip or

inhibit signal is then translated by the p
WO 200W4T162 | Er  uini ; #@ﬁﬁ?z%ﬁ’éosmg

unit 25 to the appropriate cur
vol tage, or light output through a neans of signa
transm ssion (e.g., fiber-optic or netallic
conductors 40) to the circuit breaker's "receiver"
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as PhGeskor BpihERERLutes ﬂ&b fhéddldaryllo g8 kREoribed previously, to determine
Current-interrupting devices coul d i nclude, but are

not Whethgrie epnfioer intgpif, Arvigden ‘0pen”) vigeal imibe {cirewi} breaker” or
br egdeRichor %oﬁ@:ttﬁé Piobdssdt stseae! GPL gy ’ﬁh e Rplor ﬁﬂnﬁiﬁQMs then

contactors, solid-state power swtc evi ces,
el etransbrdda the/proesissng éseaderfla“é’elmt 2¥ teths agnabnatcmmt, Voltage

et e g o GRS Ffoitd BB fioRTe 5 Bber' ic or et

tr|@xﬁaﬁaaée)mEMhﬁmmshnmth“nmﬁemrunnnhn of current
to a hold- in coil (e.g., as used for a contactor),

- or coul dAipecunent interristing devicathatitah éiterngt andisblagehe theee-phase
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15

20

i nitiate t he conducti on of

s erfiteO GRS DT e DBpY Jpltsge capesmpiche tspbis g llustrated
out fikcuit Brefited e tC\@1tnE Rttdrdtipting @ER%es EdtSEmcludd, b8 BotRbited to:
shown, the power to, supply any of the devi ces shown

i n FiT-Heenstic 9L YAFUWR Ciet GERKersas MOk CHRHLRTRRFIOfoMEPT YAOUUM
SOUEdnBacfls, SI1RL &Mz Wr%ﬁntélﬂﬂ? {3{%1&? 2k El%&ﬁ’c)él@crally tng{gered fuses.

capacitor), the volta e nonitore

syst em ifi@ldhal t8theRtEHi0 HIGQ?G"[’IS Y&gwgf o i gﬁﬂQ sé fb%@ﬁlate a trip

flow through the power system he present
i nvesitar @rstwmlsewmme@@m mediaabm/@e infernantios obgurrent to a hold-

p arfn'cﬁﬂ' a1 e&gfr ol E @(;Iﬁaétérk Yy E:%Lﬁtﬁ gginége foﬂg ob &Y e% or voltage

figures o aw n appreC|a
t hatp imitidte or smmthle gonchmﬁmmﬁ poWewmmnéuww davides, or 2 current or

oo e B, S eRSagY ooy e Pl i e g o

F? rsupplarany of thadyvéces shdvabindid. Grosuidibe GEG}ed;fnl‘ialni mﬂ@tﬂ@igél@ower
of nonitoring and reporting out current ow,
o SHBRAP HORE <BgRY PEPD, (R O GRRIADLIbE vl o the monitored

. | Nt R¥wiel Bfstomn BdelfCoH eﬁxe@ﬁeﬁ@d%ﬁﬂoafé&ﬁ%eﬂ?ﬂ&?ﬂﬁ@u@hﬁ‘e awer

25

30

t echni ques of t he present invention nay be app
ot HgptemsQ fault det ecti ng schenes such as the
Resi dual Current Devices (RCD) enployed outside of

Nor t h Arféfhorgh theprepend inypeiion h@gb%qmd schiligbabave inrfeset
hi %ﬁ{cu&? gfnﬁ@dlmentg ﬁlu%@ﬂ%ﬂ@éZ&%mlop%mggqmﬁl be

appreciated that other configurations of components and processing software may be
utilized without departing from the spirit of the present invention. For example, any
suifable form of GFCI unit capable of monitoring and reporting out current flow,

and responding to control inputs to inhibit and/or interrupt a circuit may be used.

Furthermore, the techniques of the present invention may be applied to other
fault detecting schemes such as the Residual Current Devices (RCD) employed

outside of North America. Such devices usually have a somewhat higher nominal
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pi ckup sensitivity of 30 mA but are |ikew se intended
to prevent ventricular fibrillation from an

~electrical shock. Al though the RCl) is not as
susce tlble to nuisance trips (fromthe in '
w3 Eugep B Sifensyie

10

15

@%pa0|t|ve charging currents) due to
sensitive pickup characteristics, it will be apparent
that the useful ness of the 5 present invention also
applies to the RCD. Moreover, although as yet

ﬁnc ﬁl ﬁaﬁgélﬁgnwtyiﬁ 30mES eﬁttareolmeeﬁueumencreayo pemlﬁ ednificulat

i gher_vol t ages r_exanpl-e,

o dbmision e thcoald Aaseihe GRS Aohss Biseeitis e
MRy pR€nee #ipd ehrdifh ale 1Hcﬁ9iﬁﬁal Il capicitheRhare Al icoRe: dh@ﬁ) its
present i nvention for unprotected personna

per kesrivasitiva pitlowchamenistips vl e apparat dgbihp eafelness g e
ol #ﬁééﬁkﬂl%ﬂi%na%kéﬁﬁlb%kﬂlﬁ@ﬁwd the like). The :

nmum cur r ent e body, as cal cul at ed
above, 1o
above 1&@Bk§g tSQOQ?Hg?ggg%%S nfgﬁ%e egt waﬁﬁnnﬁQ%gmmﬁﬂ
to atdnglmevaltagemfrsajemo voltsfgihexample, andcppssuhiywmmo 1000 volts

DTl BAE G50 v R AR HOB P 5 e

sentivértioa f6FGh ta:stea'gpdrmhﬂ@ Ogersofined Réthputahektprdtbetion

i nvention co Id S us No ndi t hat

| SRS ooeh AR TS HE PR ades LIS FES | T yBORmpf oument
ter ﬂiﬁougﬁftheéﬂoﬁg rd3dklciBtee BRE] JoRIM ddso Hethighr ﬁBWeﬁéoﬂaftl@ﬂs And
that still er alteratlons nodi ficati ons

appthiozad Pl qther ngaﬁomd baemplgyedie §%dug¢<ihp |°’é1aer+t though
t hegahbaphlvinid B%hRtoleRAtk (el ivie S RQIAME berrietsisubPas mat, -
therefore |ntend that such di scl osure be consi der ed

i | | glsvasafooivesar @icanbiit tlst sehditinet G, senping te¢haplogh of the present

appﬁ q}n%hﬁdgﬁ gwkpterpreted to include all such
i cations erations, nodifications and

e ”b odi mapLs antﬁsc‘raﬁcfi‘rlé t&#% gﬁh{}ﬁﬁ%ﬁ Eg‘s%egﬁ Hesc@d SB5PE terms

of the invention
PCT dﬂdﬁéﬁx@ﬁﬁ)ﬁﬂiﬁﬁnentd\hﬂd-ﬁuﬁpﬁbﬁ/&aﬂshl%@rtaherdhcfrm@bdlﬁcauOns

G or St B R orhnpnent W B ST 18 e SR OAES Bevlng rend

N nCllhikdhst)sﬁret hﬁﬁﬁeﬁﬁ?@ﬁwﬁdﬁeﬁh&t&u@mgﬁl@uﬁ% cﬁrﬁdxdbrdmaustraﬁve

20

cir a pl ity of feeder circui n e te
ﬁﬁ”}iﬂﬁ%@ld thgt ?fmpt} endgd plarmsse jpferpzet i w{lﬁl
GFCAppuaadoes TaBSRA6Hs! MEdifcaADEEH R MY 8 MILwHED BheRH spirit

and ‘one
and scope of the invention.
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of said feeder circuits and operative to nonitor the
capacitive charging currents or the fault current to
ground flowi ng therethrough and to generfate a fault
signal 10 commensurate with the degree of unbal ance

wﬁfzodﬁib?mwr rents flow ng through the severabCTUS2006/039169
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conductors of each said circuit; and a processor for
conti nuously nmonitoring the fault signals generated

by the GCFlI unit on the main bus circuit and the

GCFl unit on each feeder circuit connected to the

mai n bus™NTHE GLAIMSai d processor bei ng programmed 15

to determ ne when a fault condition exists based on
certain predeterm ned rel ati onshi ps between and

anong the fault signal generat et t he Cl unit, i.n.
the mai nl-bhgraapd-dalcrg 1r{tq{g1pf658(ﬁl?(¥]§ Flfﬂ‘ﬂ‘ géé‘?@fa&?&aeﬂv‘ad
by {Egeee.—ph%%%?cwag ?oﬂ;e@ sty Jy@t%ﬂﬁﬁqlﬁdiﬁ@élﬂi&rpﬁaéﬁ powe;._ %upply

det erm'ne rcuit 1's experiencing a fault, 2(

to gelmsinbes cireditwitimghimelity of feeger sirgipitsicorngoied &0 beayain bus
uni t, imq t he _.fsauJ ted circuit causing that circuit to
be Pt ef?oﬁnﬁ)t“e]a,g' and to-generate and transnit an

i nhibit sign I g@;gg, : d :
circuits %[gr&@{yﬁgﬁ}ﬁ%ggﬁ%%%pcw t i&%oc%%&ll W%ﬁ% Iélgm be %?nnd one
i Nt gf galdfeddencircdits 2nd dbegptioeitodnbraiol the capacitive charging currents or
circuit-interrupter (G-Cl) system as.recited in.claji,m

" e bl o Bt 05 S S A e e e

t hatg@nédiiate WiONEE Hegdte 6PtinBAlgndedf the Rerrerd fowiug through the

circuit ~-32. WO 2007/047162 PCT/{ US2006/ 039169 if the

f ausavers| eppapcters ghvach sadeRsUil ARt i n the nain bus

circuit and the fault signal fromthe. GFCl. unit i

at | east? I@ﬁ@sﬁ§@@n‘é’iﬂ¥3@§}’ fn"&}‘%'é%\ S’igﬂalﬁﬁ‘ﬁ‘ﬁwel‘i@’é{ the

t NanCrPubl GEL Bl RGO &R GCHPlifon Alidkder iyt
faul't signal fromthe G-Cl unit in the main circuit

i s ednnéaersip the Baip beeleraitniaifniotssios Beina gegEERtder t han

a fault si-gnal froma GFCI unit in any of said

f eeder ci r cuitt detersningiwhernorfault tengition exists based on certain
circuit-interr ‘ - ' ' L Med b
> ' wher dieCa RNl Bl DA ABoh PEL KRR ddhafichled by
det er ni rike GRAT it fnathé maimdmel bir¢uitrand 1R felt Sgmld genemied by the

the fee d(?ﬁ Clcdngtg %JIII tthg feeder circuits,

" to determine which circuit is experiencing a fault,

to generate and transmit a trip signal to the GFCI unit in the fanlted

eircuit causing that cireuit to be interrupted, and

to_generate and transmit an inhibit signal to at least some of the other

circuits causing those circuits to be inhibited from interruption.

2. A ground-faunlt cir'izﬁ'it“-interrupter (ﬁFCI) system as recited inclaim 1
wherein said processor is programmed to determine that a fanlt condition exists in

the main bus circuit
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if no fault condition exists in the main circuit, and
if the fault signal generated by the GFCl unit in any
feeder circuit is materially greater than the fault
signals generated by the G-Cl units in the other

wheeden7i6i rcuits. 15 4. A ground-fault PCT/US2006/039169

circuit-interrupter (GFCl) systemas recited in claim
3 wherein said processor is further programed to

- determne that no fault condition exists in-any of

10
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20

25

the feeder circuits, i aul t .condi ti [ '

t he mai i the @E]lﬁ?‘g‘}a@fﬁal tg?)g}gd wﬁmﬁl&fﬁ&@%ﬁ%ﬁﬁ aitd ﬁl‘? bt .
genera eon ik ARt At @ atiesitionk fesdancitbaieate graator Guagnityde than
not “materially %reater than the fault signals
geregredetegmingd thishaidplug#ds in the other feeder
circuits. 5. A ground-fault circujt-inter r.é.ps)tﬁ're a
(GFCI)  sfthe fanit signaldior the GFRT Enibin he majp groueis ot feasha .
conpri.sing: e S5 tfsEpina lCRRIHTH GFCA trhib fp anf of said
fa TFA‘%“S%‘S?E{r@gﬁ%&?ﬁé&%ﬁ%g%d%nm bit signals
betfeaencigaitd G-Cl units and sai d processor; and

wherein each said GFCl unit includes -33 WO

2007/ 047162 PCT/ US2006/ 039169 a ground-fault sensor
(GFS) unit coupled to the current carrying cpnductprg

of a cor aspamdifagt cmiit-ierrypies {GFCBisydem es gpipd m claim
operative . .to devel a f t S} [ Héh
any bt it Bwgesets SRESa Sl B ol iRE R AR DMK
br eaked inloRS ARG feé@erichicdiBe trip and inhibit signals
for interrupting or . inhibiting interruption of the
cor r espofrglh REtEBhMHE! eXigeidelie maihcTwiit, ands. A
ground-fault circuit-interrupter (GFCl) systemas_
recited i fle GhuftisiBnl gehétatel by eienGREIwhit Swany fGHEX citnitis

further includes a fjrst, sender i.,nt [ i

t hemerlly ireate et b ignagarrisd b i G G h 6 bl
devgloped.sidereby to a formsuitable for
comrmuni cat1on over said ‘

4. A ground-fault circuit-interrupter (GFCI) system as recited in claim 3

wherein'said processor is further programmed to determine that no fault condition
exists in any of the feeder circuils,
if no fault condition exists in the main circuit, and

if the fault signal genérated by the GFCI unit in any feeder circuit is not
materially greater than the fault signals generated by the GFCI units in the other

feeder circuits.

5. A ground-fault circuit-interrupter (GFCI) system as recited in claim 1 and
-further comprising:
transmission means for communicating the fault signals, and the trip

and inhibit signals between said GFCI units and said processor; and

wherein each said GFCI unit includes

33~



\transm ssion means to said processor; and a first

receiver for receiving translated trip and inhibit
signal s communi cated 15 over said transti ssion neans
fromthe processor to the G-Cl unit, and for

woovedtéang the translated trip and i nhi bi t BOUT/HSA08H/ 039169

10

15

20

25

fee

a formsuitable for interfacing with the circuit
breaker thereof; and wherein said processor includes
a second receiver for receiving the translated fault

signal s and convert.i mto a r su t L&

for interf ac?ﬁfj’“ﬂﬁqu’qur‘?gsoﬁﬁ@ﬁ@%rwupéﬁg ?( &
sender Qg dicRtLsfaamashoniting niaitforFiadess it aﬁd)operatlva to
translate trip_and inhibit SI gnhal s deyel oped %ﬂ;}&’éherem

pr ocess alevalep afapl signal Forsioadipgio &2y UEHT
said tr,apsm ssion neans to said first receiver. 25
7. A ground-fault circuit-interrupter (GFCl) system

as recited iQ.glal Bhedier ﬁi@t@ﬁbﬂmp%@%ﬁ&ﬂﬁ@ia&for
programed to determ ne t at a fault conditjion exists

in the m’mn'uptmgrmrunhlbmagm@@gqpﬁhe{q@@spondmg main or feeder
PCT/ US2006/.039169 if the fault signal generated by
the GFCI®¥t in the main circuit and the fault

signal s generated by the GFCl units in the feeder
circuits are not of magnitudes greater than a

pr edet er ed tcg%a&ﬁ%?r'c%h‘ﬁ}%%{ﬁteg ﬁ@F%Sﬁ% dtlifed 5 %ﬁﬂ{ 5

generate circult an

thewﬁélbihteach@aiﬁl@'(ﬁhﬁntg’en]mr&tohnﬂeby the GFCl unit in at
| east one feeder circuit do not have magnitudes

Wi thin & Bseerice farimetdadisy witinthagiF Samit dzecdof oo mlateshe Fult

groundfault circuit-i rr e stem a

r ectigralidevsloppdihare yt%&n@ SHH@’iﬁ% m%ﬁ%aﬁgn ogerfs urt her
Pr ogh ARNBEn hRaskah QhilipRRetsbAtn@o fault condition 10
exi sts 1 n any of 'the feeder circuits if no fault

condi ti oy exb&hver kd r&&ﬁlgﬁﬁmﬁmw indaitdbit sighdiecdamniticated
signal generated by t unit in a%¥ f eeder

ci resr said pansmissiomarasps pmyhepressser tq e FFChEnp gpd for
S| g%)%L/ rgﬁ the iﬁ%ggat?%h“fprh‘id it MPAdisSto b Porb Qi8I0 &y interfacing

er CI
with the circuit breaker thereof; and

wherein said processor includes

a second receiver for receiving the translated fault signals and converting
them to a form suitable for interfacing with the processor; and

a second sender for interfacing with the précessor to translate trip and inbibit
signals developed by said processor to a form suitable for communication over said

transmission means to said first receiver.

7.A groundefault circuit-interrupter (GFCI) system as recited in claim }
wherein said processor is programmed to determine that a fault condition exists in -

the main circuit
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9. Aground-fault circuit-interrupter (G-Cl) system

as recited irn claim8 wherein said prqocessor is
further programed.to determine that a fault '
condition exists in at |l'east one of the feeder

wol 208Mistigz i T no fault condition exists in thecrwsws03916s
circuit and 20 if a fault signal generated by the

GFCl unit in any feeder circuit is materially

greater than the fault signal generat ed by a GFC

unit in the other feeder

provi di n‘ th@lf%ﬁ} b@fiﬁﬂ“?ra@fih %ﬁ(ﬁ @Pc%t%d the fault
SePghliEiherafd® by HRGRAIT RS PhRSRed) e@ctuits Gﬂl nopofwaagnitudes
supp s stemincluding a thr hase power 25

supsllegte mpciﬁt%%mélﬁéﬁﬂd‘ﬁf“?h&a plurality of

feeder circuits connected to 't bus.ci.rcui

It
and a plifithafanitysigspl gangrgied b Yéh?&%“ﬁlﬁm@e.‘?ﬁ%?lf #i the fault
5 (GFﬁ'gz} ékhérﬁte& BRGEFMEIY iRRdcRNGk FbdduetituR I 961 laived
e mal n s and each of the feeder <circuits
andmagetudeés within @p@éctelman@l rereeaiags ofsegnethere ormensur at e
with the degree of -35 WD 2007/047162
PCT/ US2006/ 039169 current unbal ance anmong the
several conductors of 'the associated circuit and taq
appr opr i & tAedryurdefapit nmcmtanunwtmﬁ@ﬂé}ﬁe(stem regifed HyRlam7

2: gngpr§1n§gﬁgg%?%sglgﬁf\%ép gx\%létr ﬁd%tﬁﬁ%ﬁﬁ%ﬂl@éﬂnﬁmon

10 det gxifth (i 439 ofdhe fecdled drghiis condi ti on exi sts based on
~certain predetermned 5 rel ationshi ps between and

anong t hgné el bosdighadxigeineteahad cioguitand GFCl unit in
the main bus circuit and the fault signals generated
by the GF@e falili dignal geﬂeﬁ&dfbgehke@FChhﬁidn atysfeeder circnit is not

determ ni ng whic ver al
ex pBelcERL Heply q‘%\ﬁ?’ fwﬂg}@ﬁ rgﬁf‘?rﬁ@ c%ﬁ%su%t% %Mhe other
tri PeddrQpalist © the GFCl unit in the faulted 10
circurt thereby causing that circuit to be

45 interrupted; .and generating and transmtting an
i nhibit si gnal to the GFCl units of at |east sone of

the otheg St haneR¥nepUS(GRLT) stk aﬁslrécﬁwdﬁ:scltum 8
be i nhi blte%r[)?moa mterrupt?ﬂgn( 15 11. A ne

pr owhqmg;algmmm@sor isdthes progrAmmaddp driFEmiRs At %g‘l {cadition
T eci 1ﬂ£lea%ihﬂi:'g}’&1gff@eﬁ?rténléﬁﬁ§‘er conpri si ng:

detgrmnln condition exists in the
mai n ci s HB Fault condition exists in the main civeuit and

20 & if a fault signal generated by the GFCI unit in any feeder circuit is materially
' .~‘~greate'r than the fault signal generated by a GFCI unit in the other feeder circuits.

10. A method of providing ground-fault éirc_uit interruption for a separately
derived three-phase electrical power supply system including a thrée—pha_se power
25 supply and main bus circuit with a plurality of feeder circuits connected to the main
bus circuit, and a plurality cﬁ' ground-fault circuit interruptor (GFCT) units
respectively and operatively associated with the main bus and each of the feeder

circuits and operative to generate a fault signal commensurate with the degree of
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if the fault signal fromthe GFCl unit in the main
circuit and the fault signal fromthe OFCl unit in

. at |l east one-feeder circuit are greater i'-n 20

magni t ude than a predeternined threshol d val ue, and

wofwdéaerkaul t signal fromthe GFCl unit in thervsione/039169

circuit is at least a predetern ned percentage
greater than a fault signall froma G-Cl unit in any
of said feeder circuits. 25 12. A nmethod of providing

00 R e Il RO A ARES ol ang o

f audpprepeialyt respondiol iip stgnalome aminhﬂijteslgnelectmupmmdhﬁ gteps of:
if-no fault condition exists in the main circuit, and

236 WO 20QToA4y S ZnRGTfidE2eAGHEBsBO sevisfal GRET dmsits] t
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signal .generated by the G-CI unit in any feeder
circuit dé&nﬁiﬁir@fviflﬁ:hla)falgt ﬁﬁlﬂﬁiﬁnbﬁ&tﬂ basb(éoﬂeunﬂam13¢c@tmﬂni;136

gene the GECl uni; [

Ci rl@[ﬂﬂ ¥:gtwe$p qﬂgtqwg lg{s}gtai‘f g%l E?e(gg) @E&fvm’cmﬂm
Ci I bk thind BRIt akdihe ‘f&hlﬁsﬁgﬂa&(‘geh@&ed By the GRCMAR innd feeder
further conprising: deternining that no fault

“condreditBn exi sts in any of the feeder circuits if no

fault condition exists in the main circuit, and if no
faul t sidgiamingsreich eidhasevaml gy is @mepencfpgérfy f’eeder
circuit is 10 materially greater than the f

signal s ag@mtmta@é tpgsopifisng ety sigedl fosthe GF @1/@?19”1 ﬂ'& faulted
f eefgl%gﬂi ?Hg eﬁ)y IC&US}I%%BI%H%{ 39 1 mﬁftéavéuﬁil' ng

roun urt |nterrupt|o as recited in :

cI aim 1

no fault condigtlgﬁ%%ﬁg Int tem%@ltﬁ?%ele(?%{]{nﬁlg?f%{%em

f audomesif greaitheg einenita therebyycavsing EREcirenits to berinhihisediom

CI rc it and a fault signal generated by at |east one
B4 units in the feeder circuits are not of

magnltudes greater than a predeterm ned threshol d

value, or if the fault signal generated by the GFCI

; 2 Iné r |a[1 dd- " Ef)‘? Hn)t% d &Pﬁc lﬁﬁﬂ glﬁldzj%ulf éelgzgit %g%r}él gﬁjeclted in

Ci refadint10d@d further comprising:

determining that no fault condition exists in the main circuit

if the fault signal from the GFCI unit in the main circuit and the fault
signal from the GFCI unit in at least one feeder circuit are greater in

magnitude than a predetermined threshold value, and

if the fault signal from the GFCI unit in the main circuit is at least a
predetermined percentage greater than a fault signal from a GFCI unit in any

of said feeder circuits.

12. A method of providing ground-fault circuit interruption as recited in

claim 11 and further comprising:
determining that a fault condition exists in one of the feeder circuits

if no fault condition exists in the main circuit, and
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not have nmagnitudes within a predeterm ned percentage
of each other. 15. A nethod of providing ground-fault
circuit interruption as recited in claikrm 14 wherein
said processor is programmed to determ ne that no

wbaspsmendi tion 25 exists in any of the feRdBPS2006/039169

circuits if no fault condition exists in the main
circuit, and -37 WD 2007/047162 PCT/ 1JS2006/ 039169
if the fault signal generated by the GFCl unit in any

- feeder circulds i Mpﬁ@%@ﬁ@l H%@GF@I &t ihRanfeed circuit is

faul t signal "generat € units in_the other
f eeder @iateeilly greatbr thén the vl signals gensiriekbycthe SF (] pajfs in every

- power su%ll_%ﬁ%st em i ncluding a three-phase power

supply § B circuit with a plurality of
feeder circuits connected to the main bus circuit
and a ground-fault protective systemfor protecting

o ouna. dack peppiebep Pl Redhdt ity BebBROgUSid a

gr ound- n conpri Si ng:

Pl Wil 19 Yin® furtheOebidbrikiagl t circuit-interrupter (GFCl)
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15
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units each of which is 10 associated with either
sai d MigBiehhifing ith Hb Faultlcoftitorndxiseindny ebitie feeddrcirawitss
and is operative to nonitor the capacitive charging

currents fl oW RGaiihRa8iibA exghirhemain cigeinandt e “a
fault signal of magnitude conmensurate with the

degree of unhglanaesighl gdnbRiedbyaan GFCE inn gy fledenouit is

the several conductors of_ an associ at e&i Ci.r &‘I %nd :

a pr ocesesriably greatst than Phedpujt SEG5 S80FTE Bﬁﬁﬁ“?g%l- BRyR A every

to conti ' 4qonitor the fault signals :
slpEE el

generate e | unit on the main bus circuit
and the GCFl unit on each feeder circuit, said
processor being programmed to determ ne when a fault

condi ti ' . rc R Buft cirpieerepid wdecited in
rel ati oﬁgh%&&%ﬁﬁgﬁ‘q@% gg)ﬁlg%g the fault fs)i gnal s

gerdaimt dchnd fiyrtheh eon@EGinguni t in the main bus circuit

and the fault signals generated by, 20 the GECl units

in the fletdemingithatub falt copdiien exisg Wdhampipieft saj d
circuits is experiencing a fault, to generate and, .
transnit a tifithe ﬁm@ﬁ'ahaltg@mfﬁedmpQﬁﬂqt‘mitﬁl@ﬁ@mmmu“mda

faul ted J?‘g fié%%kéﬂ%%%{gg’?{ym AU ShE Gr hD BirCE ififs|h thelfBedefoircuits

i hterru erate and transmt an inhibit
si gnal . tage @it of magiitudenmeaér thive mrdetarmined threshold value, or

if the fault signal generated by the GFCI unit in the main cireuit and
the fault signal generated by the GFCI unit in at least one feeder circuit do

not have magnitudes within a predctermined percentage of each other.

15. A method of providing ground-fault circuit interruption as reciied in

claim 14 wherein said processor is programmed to determine that no fault condition

exists in any of the feeder circuits

if no fault condition exists in the main circuit, and
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25 circuits thereby causing those circuits to be
inhibited frominterruption. 17. In a three-phase

el ectrical power supply systemas recited in claim 16
wherei n said processor has the capability of

waeesiowiied ng -t.hat no fault condition exists PEI/PHE06/039169
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‘three-phase el ectr

main circuit -38 WO 2007/047162 PCT/ US2006/ 039169
if the fault signal fromthe GFQunit in the
main,circuit and the fault signhal fromthe GFCl unit

in at |epgh f&ﬂk%iéu@ﬁéigéra&h b el GIAY Qml iy Feedercircuit is not

magni tude than a predeternined threshold val ue, and
i f mieridligreatesitpnghe fanls pignd goreratyd byithe GFRT wiis e pther

cirguit is.at least a 5 predeterm ned percentage
gre% é%cirﬁlétg'a fault signal froma GFCl unit in any

of said feeder circuits. 18. In a three-phase
el ectrical power supply systemas recited in claim 17

10 BSOS B A el

10 determning 't on n exists In any
of fdver fgpliemdoiaicbusteireuit Withe plusality offesdldi ¢iicuits eonnseted to the

in the mai.n circuit d.if the fault,s] . .
orBRoRRey e ek it ootk A Ao E O Btng pepinst

not acorbmal fabltsito Bfo@ad, @h ihfeved dreuddafullt preiegival system comprising:
generated by a GFCl unit in the other feeder

Ci rcui t s plddlith9f glotindfaulicReuipinas@pet @ROT) bl epudvefiwhich is
supply, systemas recited in claim 18 wherein said,.

pr oeasieid willkeiihgesad ain &S GEHISr PRe of Seif fedeTeiTRpi 97 is

{ Nadpefhril B4 hork @A fHe hiHiif¥ LfidSink BurRAR Mividd Berb@RIR and to

circurts if no fault condition exists in the main

ci rgennate adawlt signal 6f mpgnitbdesammeingirate vgdutes dageeg of ynkakamce of

o o A boil Sl Ble sbtordldbiau s IFah Efsbelb giguit; nd
o of 7 ¢ ; : _

b Sy S SRR o Bkt oDy,

i n oomitomthkGaulOdgnatyependrated by the §3(J3 e@sit on tHeawmain bus circuit and the

CaRaR dukYor Qb ilEL et M0k N0 ko2 bl bloghl ' 0N

to determine when a fault condition exists based on certain
predetermined relationships between and among the fault signals generated
by the GFCI unit in the main bus circuit and the fault signals generated by
the GFC] units in the feeder circuits,

to determine which of said circuits is experiencing a fauli,

to generate and transmit a trip signal to the GFCI unit in the faulted

circuit thereby causing that circuit to be interrupted, and

to generate and transmit an inhibif signal o at least some of the other

circuits thereby causing those circuits to be inhibited from interruption.

17. In athree-phase electrical power supply system as recited in claim 16

wherein said processor has the capability of

determining that no fault condition exists in the main circuit
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-39 WO 2007/ 047162 PCTI US2006/ 039169 if the fault
signal fromthe GFCl unit in the main circuit and the
fault signal fromthe GFCI unit in at |least one
feeder circuit are not of magnitudes greater than

wWpreedesrezni ned t hreshold value, or if the faRﬂTmWW?W
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fromthe GFCl unit in the main circuit and at | east
5 one fault signal fromat |east one feeder circuit
are not within a predeterm ned percentage of each

other. 21. I|fug hilf §En)ReERREGRCT drlitiakhedOMR Eirduipk Yhe fault
systemas recited inclaim20 wherein_ said processor

has t hesigua! fiear the SFEB NI injat dgestoge feducirwt HE STAKRE Y i b
fault C%g:'tnwdg éiﬁ’é'p?éd%te'rrﬂmg@&n&ﬁolﬁt%ﬁug ggger circuits

if no fa condirtifon exists In the nmdin circuit, and
I T the fault; ?ﬂe%ﬁk s %ﬁlttﬁg FFIﬁlﬁteing:q‘halH@irémﬂ {8 a8t a
f eeder ci rCU|t rra eria greater than

fault s p@dabmgmrdamcteemgb greateGh@t a fanlttslgmi fromea Gﬁﬂh@m in any

feeder c ¥ In a three-phase el ectrical
. power sﬁt ‘t#le%‘f?&%?ﬂlgs recited in claim21 wherein

sai d processor has the further capability of
determ ni ng that a fault condition exists in one of
t he feeﬂ cwpli] f no, fault c nd| Lon e

the i cp-onis glstenrrite SR g af At ikl 17

geﬁﬂfeﬂﬁzﬁ&@b&o&@@rm\emﬂﬁrca@aﬁnw dfeeder circuit is
materially greater than the fault signal generated by

a GFCl  y&kinihifg Saen®faulthendivsdedsts ia agesf theé feeddr cheuid3.
In a three-phase el ectrical power supply system as

recited in cifabfuliGondfonbdseinths e diroyit, awdd
ground-fault protective system further conprises:

{ransni ssi oA figtal gemase inabé GECI it hauy foeder circuit s
S|gnas an t etrl an | 1 blt S|gnas

Sapd Grept ey grrates 41 U Bl S Reriied e B fhe
said GFg%l Ualde: bRGhydes -40 WO 2007/ 047162 .

PCT/ US2006/ 039169

19. In a three-phase electrical power supply system as recited in claim 18

wherein said processor has the further capability of
determining that a fault condition exists in one of the feeder circuits
if no fault condition exists in the main circuit, and

if the fault signal generated by the GFCI unit in any feeder circuit is
maferially greater than the fault signal generated by a GFCI unit in one of the

other feeder circuits.

20. In atlwee-phase electrical pbwer supply system as recited in claim 16

wherein said processor has the capability of

determining that no fault condition exists in the main circuit
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a ground-fault sensor (GFS) unit coupled to the

current carrying conductors of a correspondi ng main
or feeder circuit and operative to develop a fault
signal corresponding to any unbal anced current flow

wob@reimsz and 5 a circuit breaker responsi VECHES09039169
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trip and inhibit signals for interrupting or
i nhibiting interruptiOn of the correspondi ng mai-n or
feeder circuit. In a three-phase electrica

e e > ' @it and the fault
Wherei n bach @%.%E'Eﬁ%?ﬂﬁﬁ*‘?ﬁf'?ﬁﬁ“mﬁﬁ“ and the fa

i ncl udes a flrst
sender fsipnali finethb A0 gmitdn 4 lqabteangf%d@mﬁ;ipmt #E PRl pagnitudes

translatethefault Sk ﬁ{: Qe&itherebytoa
for m suiFEHT Wﬁ&ga on over said

transm ssi on, S FoIple) j least
recei ver for! g%:@’rﬂ{; ﬁ’éﬁ%roénnig %? Eéﬁllnp an%l‘ﬁlc{rﬁlﬁf)%ntdat

si gnal s ;@ fewiRighal frsin amsasomrfeam aircuit areswet withinm means
fromthe processor to the pClthumt and for

conver t ipRsieteraingd peresniags 4T ¢4°P B8hd i nhibit signals to

a formsuitable for interfacing with the circuit
breaker thereof; and wherein said processor |ncludes

S e Lol AT Al B 2
;ga\gh&qﬂ S&e%&.&%%%ﬁégﬂ%@%s&%j‘gf and a second

nterracing with the processor to

{rans! ateg, oAl o ohdiish 8B4 i s el pedetasrosia d

processor rmsuitable for comruni cati on over

said tr ansmxﬁﬁi B BRERNRNRisB 3 the MaiSdirchcmbver . 25

- 41
' if the fault signal generated by the GFCI unit in any foeder cirouit is

not materially greater than the fault signal generated by a GFCI unit in the

other feeder circuits.

22. In a three-phase electrical power supply system as recited in claim 21
wherein said processor has the further capability of ‘

determining that a fanlt condition exists in one of the feeder circuits
if no fault condition exists in the main circuit, and

if the fault signal generated by the GFCI unit in any feeder circuit is
materially greater than the fault signal generated by a GFCI unit in one of the

other feeder circuits.

23. In a three-phase electrical power supply system as recited in claim 16

wherein said improvcd‘ ground-fault protective s?stem further comprises:

transmission means for communicating the fault signals, and the trip -

and inhibit signals between said GFCI units and said processor; and

wherein each said GFCI unit includes
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a ground-fault sensor (GFS) unit coupled to the current carrying
conductors of a corresponding main or feeder circuit and operative 1o
develop a fault signal cérresponding to any unbalanced ément flow therein;
and -

a circuit breaker responsive to the trip and inhibit signals for
interrupting or inhibiting interruptibn of the corresponding main or feeder

circuit.

24. In a three-phase electrical power supply system as recited in claim 23
wherein each said GFCI unit further includes '

a first sender for interfacing with the GFS unit thereof to translate the fault

*_signal developed thereby to a form suitable for communication over said

transmission means to said processor; and

. a first receiver for receiving translated trip and inhibit signals communicated

__over said transmission means from the processor to the GFCI unit, and for

converting the translated trip and inhibit signals to a form svitable for interfacing

with the circuit breaker thereof; and’
wherein said processor inchudes

a second receiver for receiving the translated fault signals and converting

them to a form suitable for interfacing with the processor; and

a second sender for interfacing with the processor to translate trip and inhibit
signals developed by said processor to a form suitable for communication over said

transmission means to said first receiver.
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