; ~e3e"6TRW Cl RCUI T BREAKER FOR DETECTI NG AN EXCESSI VE VOLTAGE AND TRI PPI NG
RESPONSI VE THERETO 5 Field of the Invention This invention relates to

el ectrical switching apparatus and, nore particularly, to ci i rs,
such as, for exanple, arc fault and/or ground fault circuit Nﬂwmmmmﬂm\
Background Information 10 Circuit breakeris- are generally old we nown
inthe art. Circuit breakers are used to protect electrical circtf¥¥y from

damage due to an overcurrent condition, such as an overload condition or a
relatively high |evel short circuit or fault conditi n.snall circuit

on. |
breakers, comofIRGIIIBREAKRER FORDEEEGIING ANJEXCESSEYE LOLFAGE { of
residential and |ight com X IRIPRENG RESPORSIVEEHERFK@ction is 15
typically provided by a thermal-nmagnetic trip device. This trip device
i ncludes a binmetal, which heats and bends in response to a persistent
overcurrent condition. The bimetal, in turn, unlatches a spring powered
oper at i ngs neglidotle InehEbn opens t he separabl e contacts of the circuit
breaker to interrupt current flowin the protected power system 20 In many
appl i cations, a circui fhisr Baretiomyglates 39 electyead uswitahing appareiue cndomnore
Typically, a oni LrCul of...C and
generates a ?@Eﬁ%&’a@l @rct%léti %ggé%eé%gsfl.a?%%i ilé)?t% %?r%&sei érﬁaqdﬁlé%g%) I %é(grngu{sgﬁlﬁnt
trip sol enoi dircoMbresikersd| at ches the operating nechanism typically through

actuation of the ther Irragneti c trip device. 25 A common type of ground
fault detect ﬁéﬁ%ﬂl&ﬁ?—%—% oLndliglhe dormant oscillator detector including first
and secopgl sensor coil %ircﬁ?%réak&% a"i‘é‘geﬂla%ff éﬂg AANJUE kLW ?IE hﬁeh:ﬁt.pg?ﬁc:ﬁgt ed

circuit pass through the first sensor coi he out put o I's coi
appl i ed t hr obghkers acupsddnty maacekearicalociemitgpé&oat danade duepto dn everbwirérmwed

by a w ndow conpar at or, havi ng ,t reference val ues. | i.ne-to:-gr.oun aul t
o uaes 30t hESHRENT st CRuoU e oot el elF et leu o SrFb i Palia of
the referenceoMiisies RNéall RuSuit AREAEAL Q@ninddly Refh@Ado- amihRARE LifGit

neutral conductor of the protected circuit passes through the second sensor
coi | . A neut begiakers. wed Ut résidentialcansb light edmemercial 2pphigatides, svelv prajedtios ighi ch

causes t ampl i fiier 1. ci|l.ate,; thereby resulting,in.th enerat.i on of
Che tri proi ghiicallghobilef ¥, 4 1l bR rprdics, " Pl D AR e 8
5,293, 522. Reimesill whichRa® aRddeidn r@s?aﬁéederaa}ﬁmstémto%@afreﬁtrboahﬁi@nprrth&i di ng
5 protection against arc faults. Arc faults are_intermttent high inggdance
faul ts whi chbigsialpdh Baswtatchesra smigapRvEered gpepfing meshanism. orhipl Oagasnihe

adj acent. CONGUGHRIGS voftfo® 6P RE L EE BARENEL BHAK AEANANG! O fhe MYt RU! Y
connections, &dnd 1 n other situations ere conducting elenents dare in close
proximty. Becaessysiem.their intermttent and hi gh i npedance nature, arc
faults dgonot generate_currents of .either, 1Q icient ins antangqgﬁh

uf
magni t udé” or suffici enfd é@aé’ryaﬁ%plﬁﬁféo@urar SHEUE PTFAKFY Mgy Provide groun

protection. Typically, an electronic circuit detects leakage of current to ground and

generates a ground fault trip signal. This trip signal energizes a shunt trip solenoid,
which unlatches the operating mechanism, typically through actuation of the thermal-
magnetic trip device.

25 A common type of ground fault detection circuit is the dormant
oscillator detector including first and second sensor coils. The line and neutral
conductors of the protected circuit pass through the first sensor coil. The output of
this coil is applied through a coupling capacitor to an operational amplifier followed
by a window comparator having two reference values. A line-to-ground fault causes

30  the magnitude of the amplified signal to exceed the magnitude of the reference values
and, thus, generates a trip signal. At least the neutral conductor of the protected

circuit passes through the second sensor coil. A neutral-to-ground fault couples the
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conventional circuit breaker. Even so, the arcs can cause danage or start a
firtTe if they occur near conbustible material. It is not practical to sinply
| ower the pick-up currents on conventional circuit breakers, as there are
many typical |oads, which draw simlar currents and woul d, therefore, cause
nui sance trips. Consequently, separate 15 electrical circuits have been
devel oped for generating an arc fault trip signal to respond to arc faults.
See, for exanple, U S. Patent Nos. 5,224,006; and 5,691,869. The arc fault
trip signal energizes a_shunt trip solenoid, which unlatches the operating

mechani sm  t {0 dglertpr cails wiichaeauses thenaraplifics ot operllate, therghieressltingi in Bevi ce.
Met al id i . I I S tral 20
' i i at ur e baerfdl Ot D) siBhd, PEE by ERlale SO ARG NODS I O bt

circuit intespRappee. (G-Cl) circuit breakers having, for exanple, one or two
pol es. For exanple, U Q. Patent No, 5,293,522 discloses a trip circyit for
a single-pole circuit §F%%E1é5r tf‘?’?ﬁl brsi Bgem qopsiderpblen mierest iny Alsos PERVIdiRRd a
vari stor §or ptdaeibhiaBaifibt'ae bduls! A€ PSR [rdrhifert EdH b ich S-
Pat ent No. 5?260,167§g%lli sca?oses a trri p ci rcdl?tr for ta mb_;%ﬁ?r(ec%((;ﬁ:;x?l&su}%&chj
breaker i ncl oai hg daused] iforeinstanog by adorv ansubttionshetwneh adjeart stoadudtons, bie
trip circuit SCR (It is known. .to enpl a i.-n-paralle]. with the trip
i routt SCR SHPoFh 0ds RV KGR SoRbABrd o P EorrmIRlioNe P i ikl
of AFCl and/ gifuatiohd whet€ EbhdiRtiBRKAERentRNEe an NRYseL BoMRARY .t NBeddEl ANMeir
neutral termnals of such breakers. For a 30 miniature circuit breaker,

whi ch is rat gdemutterd mad digloimpadanceonatprg, aradapls de nog gengeatd eweents hieithauch

MOVs are,fat { 50 - . S. Patent .5 5.9 .368 di | ases,.a
bomond TA0 P SitaRient RibaitBos iadning® of ShMlendbverip? BhSPEHD 5 ABBIHE
SCR i n paral tetvewiibrtal theuiibNWakerOEven o) theVdbicdnl dagse/@inip@@r staier firtif thgy of

the MOV is 150 VRMS. |f the neutral is . "lost" (e.g., due to an electrical
probl em dueO¢Qr fegr compugible, mptqrial. Wi it N9k PrRstigtls@ofimpé dewer B RikUBower

bus) in a si - . Ql: - : hen.

| i ne-to-neut r&%llr &\%ﬁ g%nje ﬁr&;@ﬁlrl ?lsréeﬁltt %Jeél%gs’ %?ﬁ%g%ﬁ‘\%%ﬁ yﬁé?‘é‘h@/&ség@ls&:h%a‘?he

| i ne-t o- neut sialilaMourents iand awagild, aherefdoe, eamksr ntisarfcaittipg. i Censeqderlyt, Geparate
excessi ve_vol tage condi.tion of suffigcient. duration). There is .room for

o oveniiy Pl gal s, B Sech ciayelipfd tof Seaira&il ap 6 Byl drip (B dRer s.

SUMVARY OF  ThspdhVigNkt @I esdRl Rt @REmpIRY 1.1 Bfferit Wb 5004 8061 £hd?s,691,869. 1
breaker, which enploys an excessive voltage detection circuit, such as an
MOV, across tTheatsifeelginp sigedlcaergizes p shdntdiip selengid swhich aglatehesithernperating

solenoid coil_to a pawer .conductor . 0.0l 0,ne or neutral r.at her than
From i ne. t omselil WREHE BENEh BonbfioPot e WEEmElmAEE Y 4eli®oh Vol tage
surges during surge teMdta@xadedaristoBOMOV s} drk plethitally 6ntictteBNi@akenhenttala
sufficient line-toneutral vaoltage of suitable duration is applied to the

)l tag

circuit B9 eakeminipiyreafe fadierquitgptermpter (YEQD agd/or ground fayli cisgudninggrrupter
conpri ses a (&henzhliebitRah nadap!Brelaliechl ¥Pif bige vol tage having a
nom nal voltage value and an excessive vol'tage value; a |load termnal; at

| east one neutral ternFoakzang@aaddh(PatentiNoadi2®3 P2 atisolasas haytripanireeittfed a
between the || n§t rmnal and the load termnal; an.o era(ﬁi n .rrecganismfor
openi ng and SPBERAE Frait brsakernludigh e iaso-BiaL VY. 814 8PS OB GYea | ng
with the opegg éiR@itTEdARbARGI rbétifRr PPER).t he separabl e contacts, the trip
25 circuit conprising an el ectromagnetic assenbly including a trip coil

havi ng a2% hreshol d vol UsSidatant Nen 81260636 disaloses 4 iripseiragitrioun twerhalst ainguito

d i di i iated with.th b

Fespons. vel y SARHhILAREITE RG2S L i IR AARREUF Bt B S

circuit adapted to det &Gt kadwerxscasapioya MOV agl]gaxs;mdﬁﬂimet@;sswjiasen antit h
ra

the load termnal and the at | east one neutral terminal and to o
in series with the solenoid trip coil in the trip circuit of AFCI and/or GFCI circuit

breakers, and a MOV between the load and neutral terminals of such breakers. For a
30 miniature circuit breaker, which is rated for operation at 110-120 VACgpus, it is
believed that such MOVs are rated at 150 Vgus.



30 responsively energize the trip coil with at least the threshold voltage.
Preferably, the excessive voltage condition is about ~ tines to about two
times the nom nal voltage val ue. -4 The nom nal vol tage val ue may be
about 110 VRMS to about 120 VRMs; the trip threshold voltage of the trip
coil may be about 60 VRMS; the excessive3woltage condition may be about 208
VRMs to about 240 VRMS, and the second circuit nay have a threshold voltage
of about 130 VRMS, in order to responsively energize the trip coil 5 with a
vol tage greater than the threshold voltage. The second circuit may be a
metal oxide varistor of-hFeieahNo. 1rd980f disclaseeigroungdyfaplh sireribingliding 2
detection ci ] Itifief AMEPR I LEh 8l j g
triggered by&ﬁﬁéésrs?xgg‘?f géi‘%dggf’i on cli trafé%)iaitl%?:g gfr:lgérrgtllegemt ie‘He'[Nr;i F%,cg%"lea 1%‘?1e
second ci r cuVemdline valmgeidbe mting of e MOVbisadiVeusof a di ode, a zener 10

diode and a first resistor, wth, t‘t]e series, conbi na]Itio.n of %Pe di ode, the
zener diode and the filsifiemeuirdis, 1B (g 8e I WELPi BLFeGriconPrObITY 945 Vat al | el

with the il gRR cRutHEOW S belCditddniEote®AEmMHehoRve? BRONH 4 SRERLRle, RRIDT
electrically interconnected between the gate of the silicon controlled

rectifier anpoleloethree-phase poivst systenisthemtheHine-tagsutral witagh emay miserio 208 or a

circuit bre conprises: f.irst .15 and se { he term,nal,s: . fiLrst and
cecond | oad £8 VitaPleretcaning Fhe @Rt PRy Gl RSy ST Efadh s b e’
contacts el egdd toGalekyesSioBRERIRLOREI VRO siiffiGicht dhtidd)ne term nal and the
first load termnal; second separable contacts electrically connected

bet ween the second |i néhereisdoem fogdaprayemsalciarrdrepis bacakemsanddrip cipuiti®r at i ng
mechani SHi| fo&rcqlﬂed}g%rsand closing the first and second separabl e contacts;
and a trip circuit cooperating with the operating mechanismto trip open
the first and second separable contacts, the trip circuit conprising an

el ectromagnetic assenbly including a first trip_ coi a second trip coil, a
first circuit adapted to dete%m&—;@m{ N ciated with at |east
one of the first and S?H@B&s&ﬁﬁﬁ&éx‘i’ibﬁ i§%lid}E&Ed§o Qr&ﬂcg@b'f&%&?@ﬁié&%ﬁﬁpﬁgﬁrg' ze

the first and second trip colls, a second circuit adapte 0 detec
excessi ve voir expesstée vitage tictoctiasanuitatuet apiat MONeadrbsssthe cvawdt breaksrtap and

th t | t . t t i.nal t i i the fi t
e coi 15 afigPush DR T EH5 1P pleAPi Forldo Gaat caiiubieE Lks yBe obfrupt
condi tion asg@er MMdfrdtifheltbhea@HONThis pachitsahtmRbolantild td18lodk higdeaditapge

neutral termnal and to responsively energize the second trip coil. The
second and t $irges diringsurge tegtingrmdpalsel todsip dee cirquitshreaksr dra syffigient limstoThe

0% e b MELAEE Bl M N SEP A LBt v of 17
cat hode and a gate tri ggesmedaspyctt bt tHeainventitet, ectirarit drdaker tompidel edial of
the fi rséo antderrgiei‘l% ggap?édo (tjoeieceiv-eSa line voltage having a nominal voltage value and an
excessive voltage value; a load terminal; at least one neutral terminal; separable
contacts electrically connected between the line terminal and the load terminal; an
operating mechanism for opening and closing the separable contacts; and a trip circuit
cooperating with the operating mechanism to trip open the separable contacts, the trip
25  circuit comprising an electromagnetic assembly including a trip coil having a
threshold voltage for energization, a first circuit adapted to detect a trip condition
associated with the separable contacts and to responsively energize the trip coil with
the line voltage, and a second circuit adapted to detect an excessive voltage condition
associated with the load terminal and the at least one neutral terminal and to

30 responsively energize the trip coil with at least the threshold voltage.

Preferably, the excessive voltage condition is about /3 times to about

two times the nominal voltage value.



havi ng. an anode and a cathode, with the anodes of the first diodes being
el'ectrically connected to define a first node, with the cathodes of the
second di odes being electrically connected to define a second node, with
the three pairs of diodes defining a third node, a fourth node and a fifth
node, respectively. The first trip coil .mpy be 5 electrically connected
between the first load termnal and a first one of the third, fourth and
fifth nodes. The second trip coil may be electrically connected between the

second | oad term nal and a second one of the third, fourth and fifth nodes.
The at |east one neut r ahe peminehuoltags yalie mayde 3houhl 19, Vims OraboRNED ¥rvsi t h a
third one of i r £ T, ec Ik G be
el ectricall ythtggﬁ%tgg% ge ldlgag‘gtg&ég{r%q{lhecgg?l eag‘f""b‘tré@?@d%ﬁg e)géeeéér}n%ng?l{%%d t he
first one of caréitidohmaylbe ftonmt 208 Fgls fa dholt 2400€R)s; Ahe tHelsecahdadircaitintayraye be

el ectrically connected bet n t t | east, one neutr termnal and the
second one of ﬂirﬁ\%’ofciﬁ"iﬂlﬁgefoﬁg‘f‘ﬁ lgﬁd MSF f‘horﬂﬁrd@_sr.esféﬁﬁ‘&' Myasiend FERP el THE
DRAW NGS 315 ith'al oltipdgreaieAihdh B tBfeshdl@ vbiiygNti on can be gai ned from the
foll owi ng description of the preferred enbodi ments when read in conjunction
wi th the acconpanyi ng dhasdcagé cireuitvhiy he a Riegal oaide viasistar ot sidaadi agr am i n
schematic formof a tri jrcuit.and an .excessiye, vol.tage protection
circuit for a single- pgﬁ%?gftr%lfﬁu_ft W%éﬁgp&f i B]&c}%&gﬁgg%ﬁwap t fe'BPesent
invention. Figtdfotled rdctifier Rdvireda plita @i gidrddbysitb et defectioh dirbilit B dnetdizeCihe CUi t
and two excessive voltage protection circuits for a_two-pole circuit
breaker in atioeeihndae ieeandapitsuiianay itshient periesfeoptbinasion b it diode.cheenss .
Figure 3;4s @ I in. enad | r m: i o Ch i 25
exaessi i voftiodt @i BERATY Wiihe Wi ConBluil oftub dderint GHic: gRA P -
accor dance whehfish resixedrhigsing eleoicalty comiectedeinppaslntwitnttensilicon cortplieé 4 i S
a bl ock diagram,in Es!(fhemati c formof a trip circuit and two excessive

vol tage pr ot ECHigh aBq Pt sscenst registopbeipg eteckically itersprigeisd bepvesadhy ealpce

Wi th anot her ?Fﬂﬁggﬁfcﬂ}?@I)ntﬁi(llehff@ctﬂfe?ﬁrﬁﬂthf'fﬂéﬁﬁbﬁét@r’?: 30 Figures 5-7 are
excessive voltage protection circuits for the trip circuits of Figures 1-4
in accordance w th ot hds anothediaspeat of dfe inhentjpme senitcuit rbreakier oomprises6 first

.DESCRI PT OF, THE PREFERRED ENMBODI MENTS The.invention w | e described as
appl 1 ed 1 il SPPH DRfe LRATE 30 B cieP et 1o S 1y epdeorn netttal

residential gpRidabaFrkiORparable c%ﬂabts%l&&icﬁﬁﬁ@%&t&ﬂ%ﬂ&e&hﬁé fitdd Gink ¢RI ON | S
applicable to other tépes of circuit breakers includi nﬁlthose used 5 in AC

syst ens oper and thg fust lpad taminaly segomedh sdperabimepnitanty elgetaipgllyneanneeted befsiegses
(e. g., one, it .ee or.npre);.. 1o | er. ar al ler clrcul reakers,
such as subrﬁhr?%a%f: ?Jé{:fng? te%%‘[‘f b‘l’agla gile geicf’ @%? adbtgrené%gg s‘a;n oé)ﬁga“tn Igécv}\lngﬁlgl%r%ﬁge of
circuit breakggnigpdphd cdbddingshe Srsthasd seand separgdlee cofitasts;dand ialtrip circuit
comercial, industrial, aircraft, aerospace,  and autqnotive. As further
non- | i mi £4 ngCeBpsrAting svith,ie (ppagating mpchaniym tq frip opgn the first 4nd seened\s

operation at ;g dend @ipGrctft bhprss %hee?ec?r%nﬁ netR sl %dlﬁ%g ff@yrignd DC
42" VDO Referrr U

operation (e.qg., are possi ble. errfrng to Figure 1, smng-poIe
circuit breakal, aXetord tugesilaa first piraiit adapted4o Watectrgtrpncondtmasisseeiatal withe
protection circuit 8, ldne termnal 10 .is adapted to receive a lin

Dol t age 12 navER one Rbfhe i g Reehsd earaile fgel it Borereivel srimiegibans)
and an exces ﬁts‘(%n&%é(ﬂﬂetr%%diﬁ., G&ebond EifGi AdaPeed! ©OMBtEt "AnOSicessNRUYGlge

condi tion; about 208 to 240 b

- ) VACRMs about ~ times to about two times the
nom nal %Al ueonslitiarhasspgipted woth thgdirgtipad wnmingl padithe #rleask ene pewdrad ¢ertmidl udes

e Loa0 1 Bl O B Do, LRI SR B B,
| i ne term nakxcksiandoltdge copdidioh asssciatdd widh the second load terminal and the at least
one neutral terminal and to responsively energize the second trip coil.
The second and third circuits may be metal oxide varistors or sidacs.
30 The first circuit may include a fault detection circuit, three pairs of first
and second diodes, and a silicon controlled rectifier having an anode, a cathode and a

gate triggered by the fault detection circuit, with each of the first and second diodes



20" As - is well known, an operating nmechani sm 20 opens and cl oses the
separabl e contacts 18. The circuit breaker trip circuit 4 cooperates with
t he operating mechanism 20 to trip open the separable contacts 18. The trip
circuit 4 includes an el ectromagnetic assenbly, such as a solenoid 24
having a trip coil 26 wwth a trip 25 threashold voltage for tripping. A
first circuit, such as the AFCI/G-Cl protection circuit 28, is adapted to
detect an arc fault and/or ground fault trip condition associated mﬁth t he
separabl e co tacts 18 jn the power ¢ircuit en_ the line and | oad
terminals 10f aiVAng arhanqu qnésﬂo%ﬁﬁ%‘?‘l?ewhéﬁ%@@‘i’dgé O?E fe fiyst giodss peipg elﬂc{”ﬁalﬁll‘le

|1 ne voltageediibaiuno HdhindOa M5 hadelRlith HHOWRNodQ bR AL SANAANGRIM bling e
present invention, a second circult, m% is the excessive voltage
protection celactucmll}gqounsctaiiB;pdefmetamed@tdemdeamtbthﬁlsee\qmmcdf tagles defiring

condition thr coil as W t h nd .neut.ral
termnals 142 T‘Eﬁgﬂ%‘{et 8 f?‘é‘gb%& ?}Ejls %gﬁet}o F,ngsqeﬁ ﬁYl ﬁéﬁ?t Big RiliRa%Pe | east
the threshol eleytgbalggsomgtreaqjetwééﬂ ﬂqeeﬁ@mmlteﬁﬂm@lmhm ond Be tROMHiRe!
value of the line voltage 12 is about 110 VRVS to about 120 VRMs, the

threshol d vofauatheandsfifithaodesi plhsosecombtripscaibouy 18 @ectvells, caanectetbetaecessi ve

'he val ue.of iR BbisgEis SR o Shbe S foY Mg A e B3 Wi tge
protection cicagitire r2uirsl @iVl hay ibelecti@llgdnicelonagred{vitBhothird1He ofage t hen
such circuit 8 respon5| % Qﬁ/h/energl zes the trip coil 26 with a voltage

great er t hanthitde fovthe and) ffth sodesye The wgonRbcuid mave pe raentgicallyscamediad i n
Figure lina t t ect

ol aot i ol [ yPERRE BRla Rell G HeRROEER SRS 0RT b B BT AR A 10,
exenpl ary enbaddsnihé thitddronmhayae elaitmll(yfcohﬂmtddl beewskdl thageleds? onsnaliralit | 10

VRMS t o about 120. Va and the vo| t age of about 250
VRVB. In thi® h%‘?’dsth’?ﬁ%"oﬂéﬁn%ﬁ é‘g urﬁh@‘%cﬁ?ﬂbﬁ‘? eShreaker 2 from 15
relatively shorter duration surges and/or transients above about 250 VRVES,

whil e the excessive voltage prot ecti on Ci rcwt 8 trips the circuit breaker
2 responsive to relativel BRI (R S ESIIRAMVINGS age conditions

above abput 190 VRMVS. Fl re .2 cui t

"ncl uding’ a irip cirouft Hzmsﬁraf%{l@aggﬁa‘@ V@@O{}mh@gala%ﬁ@e%ﬁ%sﬁolgwe%.ts
44,46. The Cdés@lgptionbrdfaﬁﬂr pflferkddC lefbRgingtsl iwteh 2ad HECAfnkide wieh nheal s
48,50, first and second load termnals 52,54, and one or nore neutral
terninal s 5e6aqcPmpanyies dRwiesimwiichure 2). First separable contacts 58 are
el ectrically connected f . t

| oad termnal 52. Sim F%r% eWF%a Bﬂ)%g dla(eggara Pgle%%&f?fglt% ogg tgpglrgﬁga{‘dr %@al |y
connect ed betxwessivd Iqeltageqnmtéciwmeumﬁt fiorna Isingl-pold cideeit becakord il aedrdakceai nal
54. An operat| mechani{ sm 62 opens 25 and cl oses the first and second
separ abl coWﬂtgglﬁ%pIS%ﬂnéﬁlve‘T‘l‘fé‘trl p circuit 42 cooperates with the operating
nechani sm 62 to trip Opgfird N { bibk dﬁg&n?ﬁf:&ﬂ@mﬁﬁ@ﬁfrﬁbdfea 26k In@ RGO
The trip circuit 42 includes an el ectromgnetic assenb uch as sol enoi d
66, havi ng aexXdessve volfage pmwct@a cénuiitsafos ectwnd)oﬂer ¢1p:ua1d1rd:ak2f)1n dchidaste withcui t
such 30 as AFCI GFClbﬁ %1![,[1 {, S ad?{gted to detect a trip condition
associ at ed witHSFEOHNTE R @quﬁgmflf‘?’ %8nd second separabl e contacts
58,60 and the respecti FRUROIR a Biock Widgsard 6h WERIMatd Fofnh bSh thip R@caibdnd ard

termnal s 48,52 and second |ine and | oad term nals
excessive voltage protection circuit for a single-pole circuit breaker in accordance

with an another embodiment of the present invention,

Figure 4 is a block diagram in schematic form of a trip circuit and two
excessive voltage protection circuits for a two-pole circuit breaker in accordance with
another embodiment of the present invention.

30 Figures 5-7 are excessive voltage protection circuits for the trip circuits

of Figures 1-4 in accordance with other embodiments of the present invention.



_g- 50,54, and to responsively energize the first and second trip coils

68, 70. A second circuit, the excessive voltage protection circuit 44, is
adapted to detect an excessive voltage condition through first trip coil 68
associated with the first load term nal 52 and the neutral term nal 56 and
to responsively energize the first trip.gail 68. Athird 5 circuit, the
excessive voltage protection circuit 46, is adapted to detect an excessive
vol tage condition through second trip coil 70 associated with the second

| oad term nal 54 and the neutral ternlnal 56 and to res-on5|vely energi ze
the second trip coil HIN &) FERNED AMBODIMENEY nal val ue of

the two |ine voltages X : X e ive

| oad term nals 52,54 |§ﬁ%§R%@:IF%£QEQH b%?ﬁ%@@ﬂ§d?§8§ gnﬁggﬂézﬁﬁggk

t hreshol d vomlagmcmt brdakers rfopuseoinl resi@éntial apications BOViUIRM&S bécomeessddant e, a
typi cal exce e .voltage condition is about 208, 0, ut 40 VRMS, as
measured fr oﬁ\ar e dBYGRLiAR it ABRIICabIE 10%EF BREF Ob \@ﬁﬁefs inf éé% yped

vol t age ot MY, r 130
VRt hen shoh Corr i W aev i ot %é*ﬁ%ﬁ% 0 SRRBP DT BEA o5

with a volt afpeg.15ngr e\a«n,ethrcma;m mhex)i he datget d)rvahalhegecmiu%bredm smthe as
circuit 46 operates in a sim|l er wth the tri Q. Preferably,
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circuit 8 f 020,08 Hxybed DOl epetitione. k., 42 &K€Y ard possfble.i ne t erm nal 10" is
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Figure |, th |on ci rchrt I's 7e erence R REOM
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the load ternminal 14. Otherw s€, the MOV 8, MW 34', SCR 30', solenoid 24
and trip coi indene grupereingwrlierminglel 6 &woraie seawinin Kigureddr Seegsahlgicaeagts
excessi ve voh \ 8. nd
trip coil 26 % lg%tg&ﬁ%; éo%%ﬁ&%%%e?ﬁ ggeer %ﬁnbnngﬂ%Q&%ol(%?g %gﬁelﬁo%
circuit 28" #eiewell ghawen,tdheperating emchariéh 20 lepgni and4leskotife sapiralle pohtacts
circuit breaker 40" including a trip circuit 42' and two excessive vol tage
protection ci¥cuits 44 ,46' . The circuit breaker 40" 10 includes first and
second line terninals %ﬁe it bldakdr #d greend Lopdddr Hindhi %%eraﬁﬂ% and
a neutral termnal 56' having a neutral pigtail l ectrical connéct ed
t her et o. F| r eclywjpran 36 te tipopecths Sparakle e:oaﬂaetstl& theI grlpcmmac‘t mstludes aeen
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mechani sm (not shown) simlar to t he operatlng mechani sm 62 of Figure 2
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and second separabl e contacts s X

load terminals 10,14, and to responsively energize the trip coil 26 with the line

voltage through SCR 30, as is well known.

30 In accordance with the present invention, a second circuit, which is the

excessive voltage protection circuit 8, is adapted to detect an excessive voltage



The trip circuit 42' includes an el ectromagnetic assenbly, such as 20

sol enoid 66', having a first trip coil 68 and a second trip coil 70'. A
first circuit, such as GFCl circuit 72', is adapted to detect a trip
condition associated with one or both of the first and second separabl e
contacts 58',60" and the respective powarycircuits between the first |ine
and load termnals 48',52' and second line and | oad termnnals 50',54", and
to responsively energize the first and second trip coils 68',70". A second
25 circuit, the_ excessive voltage protection circuit 44', is adapted to

detect an exe@%wwhwgbé@@wb% Asspgiated gL leadrand nepiryl temninalgd4,16 and
associ at ed r r | 56

and to resp\(l)w[nm \f; OI}l Sive e%rézé%atﬂ %Mﬁl rg?d ﬁﬁ gt %ggltﬂ%é.gﬁﬂhtvﬁh?%e cfg?regﬁl t, the
excessi ve vol tage pr ot hcﬂmeememphawrhbcﬁﬁmenti theamapihadale ofetickie ﬁﬂtagd(l@sm ve
vol tage condjtion ttbr\gughpﬁgcond trip é\? 70" associated with the second

| oad t er ni nals 2Bguisk! OWé@pr\éﬂMSt fhrgghold goltags @f the tripcgt £6i1y abgpt
h Y
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transi ent prot ton devices, such as t e exenpl a

el ectri cal | yiconmest §9 thﬁ&%@@ah@%f&l@e’sm%ll‘a% ImdF&%mmé $f @8 exadbsivand
the neutral termnal 56'. The trip circuit 4 includes the GFQ faul't

det ecti on ci veltage p?@tbthtnrm@altrﬁals _MOKV having a ditedivalta@e o8 2b&st 130V mecthen

di odes 86, 88 icon controlle CR) 92 havi

anode, a cat ﬂbcg Cl’é‘fﬁg freé%(fnéwte& YYLPEY %‘fiq{lplgoﬁalﬁc‘ﬁiﬂf ?&ﬁag ﬁ’?aﬁﬁglbaé's&& t he
first di odest@&hggi,@ﬂtagégf@jvggmrl cally connected to define a first node 94,
and the cathodes of the second di odes 86,88,90 are electrically connected
to defint)a second nodBrefigablyhes shawadn Figure 108 transiers prefeesipndisviogesughtahi r d

node 98, a fgqur ﬂ?ﬁ?ﬁ’ o] (A npl e,
t he node 98 81% E’{Lnﬂﬁ%@j unction gfélé%ﬁ&nlg Q&F‘I%Q% e?@gﬂ% E}{e gﬁﬁ éiopﬁe gnode
of di ode 86. te'ﬂﬁﬁlais I4$I6 t]’nlthe exdrhplB8’ emsodéthent] the Gahlial sahiRedttedlilketyiegs t he
first Ioadtermnal and the node 100, the secondtrlp coil 70" is

electrically %éﬁﬁwédob\émme‘@na@%l%%é’m prsh et MO A41has 4 ratgdqvaliage wéde
98, and the nghnah &LM Hﬁhléﬁl/g&h&‘ HeSHIV (3% CérXte'cﬂt 5%%&?%}&§8y%tfporﬁhe

-node 102. The second Circuit is el rical y connecte et ween
t he neuttal tadativiehashobet ddfatiomdurghe amUdletralmntsambvb ra@oumsmv@m, ondite, thlOV

46' s electricall onnecte bet wee he neutral rm nal and t he
rode 8. Thocieaie SoReRD baeEctied” HIGH L B0 SRt Tetien 2 3Sphetiode o6,

and the cat hpggivefy rbhger%@ﬁu%a ekées&b@@i)rtégéaﬂoh&tl@ﬁﬁm%goﬁtq9'0r\qm{§0de 94. The
SCR 92 is trlggered by G-Cl circuit ' 1o energize the first and second

trip coils 68,70 thrbigyre 26hawfea twcz:n@lg cgovigbregkera, isguding apripfcecuibhy, a

VOV 104 1 ChRPL] GO X ANRELAL uRAIAI h Lhc 08 BRRRR: o T 0
trip coi2® 68rst 4l sdcondlih®Rrmmhals 48,30, figdt andBgvend dsadttbenifgls 52359 04idi dng or

excessi ve vol t age protectlon circuit 44, exce55|ve vol tage protection
circuit 46, SWrendital wemipls o (e atsishewpdn Fust 2 kjist eeparableconfactsoriye

exenpl ary exeﬁéabmg/ %@k&ftg@bamgﬁ%' % 15l Eithihg 48 %fh A€ £ ,$ ’lg‘agl teftffinaPS 2

shown, a w de rang ternative approaches nay be enployed in order to
provi de such Spmiterkyc sécond aersrable cnnlm:ta&l anepelemudallmcoan@tﬂdtlzebh@emhe eoond m

when an exce S|ve v e ond|t| s se For e anpl e, u 5 shows
an WOV 170° ( Bngtermie) nOAR ferierond Bl SRR G v ATSoRsERIE DaGRSH: CLORS 190
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rated voltage of about 210 Vpeak)~ which sidac is a sem conductor device

that turns ofoapsragesseiithi tiel gpexatirtgomechinisravel te Heipeopen e Exstedsi vesond| t age
condi ti on. Fée%%a%le co%t!cl%¥¥S58a6(F' rcuit 114,

The trip circuit 42 includes an electromagnetic assembly, such as

solenoid 66, having a first trip coil 68 and a second trip coil 70. A first circuit, such

30 as AFCI/GFCI circuit 72, is adapted to detect a trip condition associated with one or
both of the first and second separable contacts 58,60 and the respective power circuits

between the first line and load terminals 48,52 and second line and load terminals



-11 including a diode 116, a zener diode 118, and two resistors 120, 122.
The zener diode 118 detects an excessive voltage condition and turns on the
SCR, such as SCR 30 of Figure 1. The SCR gate 124 is triggered by the
corresponding fault detection circuit (e.g., AFCI/G-Cl protection circuit
28 of Figure 1) to energize the trip coi48¢e.g., trip 5 coil 26 of Figure 1
). The series conbination of the diode 116, zener diode 118 and resistor
120 is electrically connected in parallel with the SCR 30, with the

resistor 122 i,n ectrical i nt.er con bet en t 4 and
the rest stor 5036 Tl BRARAL ciefiet i BRoARGFE ot aD sotls 6570, oA 6
herein are adiailt aBe excesiive b@lrta{g% 2bteb@dciedu@C4, 98 b@agt@b B @éted@%tdx@ésswe
protection and |rrproved 10 surg_ trotectlon This permts the tri
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even with a surge i ance rp en0| ds
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duration is applied to the circuit breake wi.thout Iimtation, about
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in detail, it w be appreciate e art 'that various
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of the overall . teachings of the disclqsure. Accordin , the rtj.cul ar
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of the clains appended and any and equi val ents ther eof

1. Acircuit ab@@élQeVRmor'f‘pr exanpgle, aatypncnlea&cewmermltag@laqndet@bm@ ab@dé&%éf laAS| i ne
vol t age havi volta l.ue nd an es oI ta al.

| oad term nal%:’ aa?uql eas R“é)shgs n %fl}rg fom ?‘lé(f ne‘@%% %eﬁte %@gi’e it'the

el ectri cal | y egeusioe veliagegirveetionsaidiitl 44rie atOV liwm@mht&av@itdg@w ab&utnizoal ;

an operating mechani smfor opening and closing said separabl e contacts; and

a trip circuitrveoBgrsuah Gikpuitiddresnongivelyeangraizes the Brsa il poil 68 tyifhya voltage’
15  greater than the threshold voltage of 60 Vrms. The circuit 46 operates in a similar

manner with the trip coil 70.

Preferably, as shown in Figure 2, transient protection devices, such as
the exemplary MOVs 74,76, are electrically connected between the respective load
terminals 52,54 and the neutral terminal 56. In the exemplary embodiment, with the

20  nominal value of the line voltage being about 110 Vgpus to about 120 Vrums, the MOV
74,76 have a rated voltage of about 250 Vgs.

Figure 3 shows another trip circuit 28” and another excessive voltage
protection circuit 8’ for a single-pole circuit breaker 2°. A line terminal 10’ is adapted
to receive a line voltage 12’ having a nominal value (e.g., about 110-120 VACrus)

25  and an excessive voltage condition of 208 Vs to 240 Vryms. The circuit breaker 2°
also includes a load terminal 14' and a neutral terminal 16' having a neutral pigtail 16"
electrically connected thereto. Separable contacts 18' are electrically connected
between the line terminal 10' and the load terminal 14'. As is well known, an
operating mechanism (not shown) similar to the operating mechanism 20 of Figure 1

30  opens and closes the separable contacts 18'.



open sai d separable contacts, said trip circuit conprising an
el'ectromagnetic assenbly including a trip coil having a threshold voltage
for energization, a first circuit adapted to detect a trip condition

associ ated with said separable contacts and to responsively energize said
trip coil with said Iine voltage, and a <s®cond circuit adapted to detect an
excessi ve voltage condition associated with said |oad term nal and said at

| east one neutral termnal and to responsively energize said trip coil with
at |l east said threshol .0l e. 2..The cjreuit breake Claim 1.wherein
sai d excessive vol tageqjé%lﬁﬁlitt%g‘c‘)lﬁcqnsbrggl&eﬁﬁ 9-{;? 1EPES 1t @’eaggq pf%cutoflr’?érfuﬁai d
nom nal vol t agejs\uafetircedto theGeGiralcinhinkll ERK@hil® theCABCIYGEFCP prate MRl dichitsai d
nom nal vol tage val ue i s about 110 Vas to about 120 VRMS; wherein the

t hr eshol d voR8 ayjefasenceditel therlppd tegminal §4.a0tharwee, URMO ViihaiBn34aBdR 30,
i ale (A l 8.V f: 40, VI ) i
ot 0 second. coBETa AN BB, oo B8PHeARP 1 @ Bplily ML 57 e BRAGHECT T "

responsi vl yesiessioe v6ltapaipotection dirult 3WMMOV a4y SCRaE solersiti @4 dndarip bk 26

t hreshol d vol%age. 4. The_ circuit breaker of any gne of the precedi nt%
claims, wher 8 Rigssg & SCR dde tregasredehit the| GFET RRolesfion eirewib 28 etorgusraize the
termnals. S5qiflig1 54 rcuit breaker of any one of the preceding clains,
wherein said aQ[ east one neutral termnal is a neutral termnal with at
| east one neutral pi gt #igurehehows aatwoypaerireuit brbakére4®timeluding B3ri. ciftha

circuit breaker of any one of the preceding clai \ rein a trapsient
bt ot ect i on a1 B8 1 BrESEF calihge ettt et salte st hisiken
neutral {@r mfflded ficst 3Ad YedoR@%ink erit 48' 50, ike afid 5&Bhd 10318 RHaI9E2F4a1 M 6
wherein said transient protection device is a metal oxide varistor having a

rat ed vol t agendvainghtralderioalt ¥ haviag aanswirel pigtailt §atedectridally romnertdd thetetage

val ue. 8. The. circui breaker.of a one, of th ecedi | ai..ms,, _wher,ei n
sai d second Efr?tcstfp?ralglg R n%ﬁfsa?éagfﬁ ‘%Ct{}g?ﬁ}ys‘fod?l?&ﬁ(?%%eﬁ ?&ecﬁfsglf}? é%fﬁ’é’?alof
any one of the sddathes fidsttlGad terfi@il €3N SSindllaSl9C 08WdnE | sefathblei Sonfackl B@Care10.

The circuit breaker of any one of the precedi n? clains, wherein said first
circuit incl eleeically ganpectrs; betvieern the seennd lingy leiménal o and Jhe rseeqndgload

Tectifiefshayfng, g gateyf réfgga\‘mlgd n%%hétﬁérg Lﬂ%‘t’l tho¥h CGHIAP & ' dpeffing
energize said trip coil; a rern sai econd crreuit i ncluded a SBries
conbi nati on afeckaniBno @2, ofaFigeeed opinacmdarickea tlid fisst ané sechdrseparaiblla cohaciser i es

conbi nation Qf, said dipde, sajd zener diode and said first resistor being
el ectricall ygge@ﬁef]?eeﬁlﬂ ﬂrcﬁgrigfj?‘&pe%t?shw’é]éﬁ}f QTR NCHARFY] 1P &P PR 10Fi er |

and with a seeRafd E&he sarddhd AhtRtEod bocal |y interconnected between the
gate of said silicon controlled rectifier and said first resistor. 11. The

circuit breaker of anyTbadripfcitdug 42 ainpkdds ap dectromagnétic esseniblyi, rsuch gisr cui t

i ncl udes,an ar,c f. t,.and gr, d fault, detection circuid, d a silicon
cont rot 1201+ B0Fegi 86" pRVite 7R o Bl SRR vl Sk AT Gl AERC | on
circuit to eaeGECIeirsdt W'} ikiafapied lo delett afvif tordlitidn L3kcuidted weBraae ios bol:off i 1 st
and second line termnals; first and second |oad termnals; at |east one
neutral ter nilfafirstfandssecerd sepaslle contagist 38' G0 ang jthe respeetbigneevedcibatifeen

said first | ib@tg"etﬂ?rtﬁg ﬂ?slt 11%9%8%:91 {eirﬁlﬁltalsl 4?83,@2't ﬁlrdnge@@ﬁd line and load terminals

50',54', and to responsively energize the first and second trip coils 68',70'. A second
25  circuit, the excessive voltage protection circuit 44', is adapted to detect an excessive
voltage condition through first trip coil 68' associated with the first load terminal 52’
and the neutral terminal 56' and to responsively energize the first trip coil 68'. A third
circuit, the excessive voltage protection circuit 46', is adapted to detect an excessive
voltage condition through second trip coil 70' associated with the second load terminal
30  54' and the neutral terminal 56' and to responsively energize the second trip coil 70'.

Preferably, as shown in Figure 2, transient protection devices, such as the exemplary



second separable contacts electrically connected between said second |ine
termnal and said second |load termnal; an operating nmechani smfor opening
and closing said first and second separabl e contacts; and - 14 atrip
circuit cooperating with said operating mechanismto trip open said first
and second separable contacts, said triplOi-rcuit conprising an

el ectromagnetic assenbly including a first trip coil, a second trip coil, a
first circuit adapted to detect a trip condition associated with at | east

one of said fjkrst secpnd. sgparabl e ,contacts and t.o responsi vel.y, ..,

ener i ze- sai MPTS 2878, AESBERIY PR BrReM S e BRteclfe LiRRORINF oY 54

det ect an exggr$teviRuitdlltt@ggaldendi ti on associated with said first | oad

termi nal and said at |east one neutral term nal and to responsively

energi ze said first trilpeddp Fircuindl anelyflesdthe iGRGT fauls daiseiden eiscuie?bcthregn
excessive VOLLage: GANCISAMAESOELA 6ol o &R ¢ SesPNal L8 LA AGlegaNd
said at | east one neutral terninal an 0 responsivel’y enefglze said second
trip coils 18ectifibe(SUR)CI havinigak efiodef a Chthbde 4l waetearipgaed By dlie tigagt70ne
neutral termmpal is two neutral termnals. 14. The circuit breaker of C aim
12 or 13 wherdéf Anedss @t He firsldiodes 38,84t ara plepteicalinemnested thdkfineay firsienadenal

wth at |eas ' ' I loealel ] The
Girout b eabarioy Rkt dles B Hekoon| R s % EOREFLARY LHFRART L, define
transi ent pr etseandaode@6. ke ilseccpastafidialek ylso aefine b ddrdwidesdSna $airth mddel east

one neutr al m pnal..and said first load term nal . an erein . a second

ranstont pr OPLaRS BTHIPOE QO GeHIeERY R cLPY SHebutdhs otk RELARIRNSHORO cast
one neut @ Ry KL oPBRDAS 80 Und BUNdd SRdodLEHN TR firsl Rip DE6EC idf dtitdicAhyeaker
of Claim15 wherein said first and second transi ent protection deviceS are

met al oxi de vemtiestedrbstween, thaifigstdpacdcigrmingl 83kand e nade 180cthefsecdnd teipaioits 12
oxi de. vari st 80, £l TRl 0 Fade B RERR- R bl s hEnG T "L
wherein at | eadthoncutRf Gaithl $8C endleaftidalliitercohicetddt with th@ nsdelag2. The The
circuit breaker of any one of the clainms 12 to 18, wherein )
second circuit, MOV 44/, is electrically connected between the neutral terminal 56’
15  and the node 100, and the third circuit, MOV 46/, is electrically connected between
the neutral terminal 56°, and the node 98.
The anode of the SCR 92 is electrically connected to the node 96, and
the cathode of the SCR 92 is electrically connected to the node 94. The SCR 92 is
triggered by GFCI circuit 72' to energize the first and second trip coils 68',70' through
20  the diodes 80,82,84,86,88,90. Preferably, a MOV 104 is electrically connected in
parallel with the SCR 92, in order to provide surge protection therefor.
The MOV 44', MOV 46', solenoid 66' and trip coils 68',70" function in
a similar manner as the corresponding excessive voltage protection circuit 44,
excessive voltage protection circuit 46, solenoid 66 and trip coils 68,70 of Figure 2.
25 Although exemplary excessive voltage protection circuits
8,44,46,8',44',46' are shown, a wide range of alternative approaches may be employed
in order to provide such protection and turn on a trip coil by a suitable mechanism
when an excessive voltage condition is sensed. For example, Figure 5 shows an
MOV 110 (e.g., without limitation, having a rated voltage of about 130 Vgys). Figure
30 6 shows a sidac 112 (e.g., without limitation, having a rated voltage of about 210

Vpeak), which sidac is a semiconductor device that turns on to essentially a short

whenever there is an excessive voltage condition. Figure 7 shows a circuit 114,



said first circuit includes a fault detection circuit, three pairs of first
and second diodes, and a silicon controlled rectifier having an anode, a
cathode and a gate triggered by said fault detection circuit, wth each of
said first and second di odes having an anode and a cathode, with the anodes
of said first diodes being electrically-dbrnected to define a first node,
with the cathodes of said second diodes being -15 electrically connected
to define a second node, with said three pairs of diodes defining a third
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of said thirHigurolr {The MR gatet1B4 nptreageredther e sowespanding |f@d§det9¢1@nrm@mta|
termnal is kCO t t hir.d,
fourth and fi Jf§ hkﬁ% Pléi\éngtﬁeguon é;{z;cﬁ? @g%%lﬁgure E:t%fe?ergl%e% {pr q lgy tr1p

connect eds bety s ofFighratl).| dastserdecontiihdtivn dfaheidivae laﬁplzemr dlofde ri98 sade of
said third, fourth and fifth nodes; and wherein said third circuit is

el ectri cal | yresiinided aselsericplbreanaegiediin pasallel wWithdhe SGRr30, vitbrthe resistasdd2sai d
second one o br eaker
of any one oPeltﬁ gleefégfr%?%gm]t.&%ﬁ&e?tge%\%%ér@ gltﬂlrl.lls Ss.giﬂgﬁ%el lr%gtanglla% c%lgltE t%ly Irll% ‘udes a
ground fault detectionTber exdnplargndirenisi briealns cm@ P edisclosedi fhemin are

r r r f aul n, r ner fir n
tselcggg ? ?I gye \fia;ngaggol?su{Illdterr%lsJ otf lgjo%tl% etcltrgmccfossC lcj)% tneat?alepr%t %{15116 a%g In%prcl)veat and

. A9. ABNS P& 51rfO Brotdib@ AlS@ertine AR sOR A0S D4 J62F b MYt BVRIY Bioh . ! TV

rrOy q' &qy} K2KD"hzupj e [ V] ca]ca] ca] ca] c*a] ca] ca] caV] ¢a] ca] ca] ca] ca]ca a] cal
ca] ca] ca] ca] veltageajuegdscdiring] Emagﬁ:m]Stlﬂ&Iccg] @Ha\]vm] cultiored hsd #&E min+lina-to-n0gq00
1) 33467990, . .
)<>A{ vl gb] XPTUE MPYaren et Carwsr dapadanes Gyrthsieas; sughd EPcsé?]eé’Q}déa] cha
] ca] ca] ca] calpimeadifaltantaalci] < alffskaeliniRiduiall Wilkdde AN ERBR YAt OH k]
“aab$bg{vql fa[ V] caV] ca] caV] ca] ca] ca] caé/gq aJcalca] ca ca] cal ca] ca] ca] ca] ca] ca

] ca] ca] ca] caperlieddpchs @Bff‘é:l breakgrc)&eay léalng@@@hn Yt GOR 1Y rarsapinmoBOEB5qy gs

tt 5

] ca] cal ol caf S BAPEIS f SO APIEB BRI SRISRLER TR CRLTol 1 o el cal e
}~}}}stt uuv5vsvvvvyy| mmmw‘éﬂecﬂfmadmtaidm]:ma]ofaﬂa:m]veﬂtlmﬁhm] bmha&]scrﬁ%edahca] ca
e o) TGRS} b bt hs gl i SRR ST Nk Aead nl

y' 109@@ () - mterﬂitivég to &B{e‘?‘détlﬂszccﬁ@d béQe/éeﬁﬁseﬁ)m ?ﬁh@&%ﬁfe 6~)Jer2(1'1 ?&clihﬂg/é bf4he) - YL
109&' ()-m N () -

109&' () -! f goﬁmcqusur& ( )&ccmdg@mot%(l&r(lgularq arrangements dlsclosed are meant to be
Z? ;( % } 7 00/.3/61% {I%t“jevw};l%@ n&llaﬂl(n)f’g as %9 th]éos(:/:ope of&m(vg.ntlon WO(V h §§ t())beI gl\llgenlt(?l%i ("&

102" 2" 1 X92" 109" Beaklth ) off! B92':1aih6 " g&n&éd' V& 5n ) OU@ QIR équivil @t " thoRéot.;
& ()-m Kk&s' " 10%" E" & () - Xy} K20P1: S5@0% & () - 109 & ()- ! $ont 10% " & () -
109 & ()-!f 109%"& ()- S10% & ()-

102" 2" 2KIDOZX61: 1\ & ' "109%6" 6" & () -1\ & ' "1096" 6" & ()-%0% & ()-!19" 10%" #" &
()- 19"10%"& ()- !9"10%& ()-



"hbC\ & ', 10%&' ()-S10%& ()- 10" 10" 10"y;
10% & ()-,&910% & ()-3& ""10%&' ()-K@!!zX9bCl, 109& ()-!;L"10%&' ()-!;
L"10%&' ()-!'L"10%&' ()-1 Z"10%& ()-!l Z"109%& ()- I WH#39&R&' ' z[ 9+C
10##1\ 97" 10%H#& () - 3, 510%& ()-!\9) " 10%t#& ()-:! X9) " 10%& ()-: 9l "10%& ()-! Sl
"109%& ()-""" ' ())*+a?C 10##!\I N9" 1094 " (" &14)- 19" 10%#"#" & () -
Z"10% & ()-m Z2"10% " & () -malo%w & ()- 10## 10##++,\-).//zX6?C
10##! S92"10% "-"& ()-1!1&("10%"& ()-'f&("10% D @ & ()-! &&$"10% " & () -
1SOY"10% "-" & ().-
109% & ()-/]j oM&ﬁ&oonrmoz" 109 & ()-m Z"10% " & ()-m Z"10% ] & () - mal0% & (
)- 10-"-" 10-"- b
10-"-" 15927 10% " " & () 1 1) 3344 DSk MBI ¢ 3 & ()-1 &l " 10%@ @ & () - L
"10% & ()-!'@"10% " & ()-! SL4 1 terthtal )adh@ed 110%etdive )a biné 98AAE0 Hadp0h 109&
)- 102"2" 102"2"

102"2"1 X9 1" Aeyabveitags valugpad aepecssiye ygltage vakysy &- ()-1f&"10%@ @& ()-9[: 0
;; n<<=z[ 9"P10! DLY" 10%&' () - Er"élagot/@m(ﬂl 51! DL" 109%& () -
109& ()-.!nt 109 ()-m m'109%& () - n=>?AAABCWU3"P10! 894" 109& () -2Z!'\94" 10%6#&' (
) - Z! X93" 109%&' () - s! X9$" 10%&: @t)le@tb%h&@%tt&n@al,s' DLY" 109%& () -
CCCCCDFFr P10! S94" 10%&' ! D" " 109%& Q
separable contacts electrically connected between said line
terminal and said load terminal,

an operating mechanism for opening and closing said separable
contacts; and

a trip circuit cooperating with said operating mechanism to trip
open said separable contacts, said trip circuit comprising an electromagnetic assembly
including a trip coil having a threshold voltage for energization, a first circuit adapted
to detect a trip condition associated with said separable contacts and to responsively
energize said trip coil with said line voltage, and a second circuit adapted to detect an
excessive voltage condition associated with said load terminal and said at least one
neutral terminal and to responsively energize said trip coil with at least said threshold
voltage.

2. The circuit breaker of Claim 1 wherein said excessive voltage

condition is about +/3 times to about two times said nominal voltage value.

3. The circuit breaker of Claim 1 or 2 wherein said nominal
voltage value is about 110 Vrums to about 120 Vrms; wherein the threshold voltage of
said trip coil is about 60 Vryms; wherein said excessive voltage condition is about 208
VruMs to about 240 Vryms; and wherein said second circuit has a threshold voltage of
about 130 Vgums, in order to responsively energize said trip coil with a voltage greater
than the threshold voltage.

4. The circuit breaker of any one of the preceding claims, wherein
said at least one neutral terminal is two neutral terminals.

5. The circuit breaker of any one of the preceding claims, wherein
said at least one neutral terminal is a neutral terminal with at least one neutral pigtail

electrically connected thereto.
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terminal and said load terminal.

7. The circuit breaker of Claim 6 wherein said transient protection
device is a metal oxide varistor having a rated voltage which is greater than about two
times said nominal voltage value.

8. The circuit breaker of any one of the preceding claims, wherein
said second circuit is a metal oxide varistor.

0. The circuit breaker of any one of the claims 1 to 7, wherein said
second circuit is a sidac.

10.  The circuit breaker of any one of the preceding claims, wherein
said first circuit includes a fault detection circuit and a silicon controlled rectifier
having a gate triggered by said fault detection circuit to energize said trip coil; and
wherein said second circuit includes a series combination of a diode, a zener diode
and a first resistor, with the series combination of said diode, said zener diode and
said first resistor being electrically connected in parallel with said silicon controlled
rectifier, and with a second resistor being electrically interconnected between the gate
of said silicon controlled rectifier and said first resistor.

11. The circuit breaker of any one of the claims 1 to 9, wherein said
first circuit includes an arc fault and ground fault detection circuit, and a silicon
controlled rectifier triggered by said arc fault and ground fault detection circuit to
energize said trip coil.

12. A circuit breaker comprising:

first and second line terminals;

first and second load terminals;

at least one neutral terminal;

first separable contacts electrically connected between said first
line terminal and said first load terminal;

second separable contacts electrically connected between said
second line terminal and said second load terminal;

an operating mechanism for opening and closing said first and

second separable contacts; and
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electromagnetic assembly 1nclud1ng a first trip coil, a second trip coil, a first circuit

adapted to detect a trip condition associated with at least one of said first and second
separable contacts and to responsively energize said first and second trip coils, a
second circuit adapted to detect an excessive voltage condition associated with said
first load terminal and said at least one neutral terminal and to responsively energize
said first trip coil, and a third circuit adapted to detect an excessive voltage condition
associated with said second load terminal and said at least one neutral terminal and to
responsively energize said second trip coil.

13.  The circuit breaker of Claim 12 wherein said at least one
neutral terminal is two neutral terminals.

14.  The circuit breaker of Claim 12 or 13 wherein said at least one
neutral terminal is a neutral terminal with at least one neutral pigtail electrically
connected thereto.

15. The circuit breaker of any one of the claims 12 to 14, wherein a
first transient protection device is electrically connected between said at least one
neutral terminal and said first load terminal; and wherein a second transient protection
device is electrically connected between said at least one neutral terminal and said
second load terminal.

16.  The circuit breaker of Claim 15 wherein said first and second
transient protection devices are metal oxide varistors.

17.  The circuit breaker of any one of the claims 12 to 16, wherein
at least one of said second and third circuits is a metal oxide varistor.

18. The circuit breaker of any one of the claims 12 to 16, wherein
at least one of said second and third circuits is a sidac.

19, The circuit breaker of any one of the claims 12 to 18, wherein
said first circuit includes a fault detection circuit, three pairs of first and second
diodes, and a silicon controlled rectifier having an anode, a cathode and a gate
triggered by said fault detection circuit, with each of said first and second diodes
having an anode and a cathode, with the anodes of said first diodes being electrically

connected to define a first node, with the cathodes of said second diodes being
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electrically connected between said first load terminal and a first one of said third,
fourth and fifth nodes; wherein said second trip coil is electrically connected between
said second load terminal and a second one of said third, fourth and fifth nodes;
wherein said at least one neutral terminal is electrically interconnected with a third
one of said third, fourth and fifth nodes; wherein said second circuit is electrically
connected between said at least one neutral terminal and said first one of said third,
fourth and fifth nodes; and wherein said third circuit is electrically connected between
said at least one neutral terminal and said second one of said third, fourth and fifth
nodes.

20.  The circuit breaker of any one of the claims 12 to 18, wherein

said first circuit includes a ground fault detection circuit, and a silicon controlled
rectifier triggered by said ground fault detection circuit to energize said first and

second trip coils.



