7 April 2006 -1 ClRCU T BREAKER FOR DETECTI NG AN EXCESSI VE ng;ﬁf\%oﬁ AND

TRI PPI NG RESPONSI VE THERETO 5 Field of the Invention This invention rel ates
t:o el ectrical swi tching apparatus and, nore particularly, to circuit
breakers, such as, for exanple, arc fauylt and/or ground fault <circuit
breakers. Background Information 10 G fCuit breakers are generally old and
well known in the art. Circuit breakers are used to protect electrical
circuitry from damage due to an overcurrent condition, such as an overl oad
condi ti on or GIREUEL BREAKERNORDETECTING AN ENICESSIVIEVOL TAQRdi tion. In

smal | circuit breakers ANDRIFMNGERESPONSIVETHEREROUr € Circuit
breakers, used for residential and |light conmmercial applications, such

protection is 15 typically provided by a thermal -magnetic trip device. This
trip device includes a binetal, which heats and bends in response to a

per si séentF.cl ergunrent. condition. The binetal, in turn, unlatches a spring
power e opé?éﬁﬁ%—%%%%@ﬁi sm which opens the separable contacts of the
cirouit breaker to imigutiliof teRRS!of bitribl bIRCHRPLBHiEs BRAUSHoSYStem

i [ ' r %)c?gﬁgroﬁn fault

20 I'n many applications, a circuit breaker may prov |
prot ect i oPartpplrlyata gircuihbespkers.rsinh @s.clor cyimplie trectaslt asdioagrowfd fultr ent t o

ground and. s a ground fault trip signal. This trip signal
ener gi zesq'gc'g ﬁ%%ﬁ%rgl p sol enoid, which unlatches the operating nmechani sm

‘typi cal | y Babk@ugdd B€bruationn of the thermal - magnetic trip device. 25 A
comon type of ground fault detection circuit is the dornmant oscill ator

det ect®r i ncl udi-ng fHicett berlersare gancsalhsold andi well kipen [in the arhd Cinsuitr al

-conduct or t ec i i rou e first sensor coil. The
oot put - of orefers e I GBEiCLEc ARRAC) HORLBddiCald 1°n 5BSSHort
oper at i onabnditig, isiéhess @nalvierlvgblconkition onianelanivelp HRdr st sho@ viradt sau ef er ence

val ues. A linpe-to-grou faul t causes 30 the nmagnitude of the anplified
si gnal t oS¥AEUY tlﬁesfﬁagg WP%&fﬁﬁie’fshéoﬁ’@f@)é Aeleirgd | tgeds mipigture (pireuit

gere ¢ expaskes st Sl ) TSGR A 2L
coupl &5 t twpically provided by a thermal-magnetic trip device. This trip device- includes a
bimetal, which heats and bends in response to a persistent overcurrent condition. The
~ bimetal, in turn, unlatches a spring powered operating mechanism, which opens the
separable contacts of the circuit breaker to interrupt current flow in the protected
power system.

20 In many applications, a circuit breaker may provide ground fault
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 thermai-
magnetic trip device. '

25 A common type of ground fault detection circuif 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 thé neutral conductor of the protected

-circuit passes through the second sensor coil. A neutral-to-ground fault couples the




7 April 2006 -2 two detector coils which causes the anplifier, to-ggcillate,
thereby resulting in the generation of the trip signal. See, “for exanple,
U.S. Patent Nos. 5,260,676; and 5, 293,522. Recently, there has been
considerable interest in also providin 5 protection against arc faults.
Arc faults are intermttent high inpedance faults which can be caused, for
I nstance, by worn insul ation between adj acent conductors, by exposed ends
bet ween broken conductors, by faulty connections, and in other situations
wher e condygtd I (=3 : I . [

o it o A . SRPLRS St R Tl B e e s
of either gegersiidif ptitlemtrip sighant Sere dus exanple) WHS PateisulNs. C5, 260,67y endge RVB
current ':Tgieq%ioﬁzt he conventional circuit breaker. Even so, the arcs can
cause danag start a fire if they occur near conbustible material. It
s not practical to ksl hoehal Meerpl dlisikabU LHERLS iP b GOSNl
circuit breakers, as there are many typical |oads, which dra sintlar
currenfs @ficctionl againshare &uise Arc fudls aneiingermitertt higlsimped et Which separ at e

15 electrical circuits have been devel oped for generating an arc fault trip
signal to C‘%?é)g pcoaﬁgﬁtgt‘ ﬁ%?&gﬁnﬁﬁle?e% yvogéél}sufag “e‘i’&’tﬁ‘_g?% adjgeagt 8 lé‘ﬁ‘f'rSNE]%. _
5, 224, 006 exposekl SendP 1bsthlen bidken adchdh@bis! By IS 0RlecBRR! Hndeh adrpunt trip
sol enoi d, which unlatches the operating nechanism typically through

act uat i onSié4atiope Whese eandupii calements jape die ilese. prximity.oxBerauseaiof sheirs  ( MOVs)

are el ect g} . L4 ne-t o-neut ral O in mniature arc .faul t
circuit i E}I%t%@#%%’;{t%ﬁ& ?J%Eﬁf)?p egfh]%%o&ra%br?’oa&%ﬁ ]’flgu(fq o geugtate PRI ?Ié'ﬂ“ (GFCl)
ci rcul® bewfikient idstantangous’ dragaikalePYe sufitienD avérBe RNVIE Scurfedf 1€XapRhe, U S.

Patent No. 5,293,522 discloses a trip circuit for a single-pole circuit
br eaker iﬁ%‘%"ﬁﬂ’i‘ﬂ&‘s sirqurt reaksr. nEvaDy 9 thearesian causerbemesy aF staxt afire dfthene  trip

CIrCul t Shdduf YaaC OhbRibRAnaRER! T ITPYs ]ﬁéc@acﬁ&ﬁ iy %ngij/ﬁ%oﬁ%fr nt(h:? L%cl‘rkﬁ 60, 676

discloses a trip circuit for a two-po Ircult t wo
| i ne-t o- newtangd onvemiventoms] ciemit tacakars] a¢ therefave niang typicad leddsowhich 3R It 1S

w th the SREnSwEentt et S6RI. Thereihes crvis TERTEGS Lt MPRSPISMIY oPEI ol roui
o SOE S s SRNiOTenac i MO o UM BOGRED, ,
at 110- 120gspondrverc faultss See, for example, 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
mechanism, typically through actuation of the thermal-magnetic trip device.
Metal oxide varistors (MOVs) are electrically connected line-to-neutral
20  inminiature arc fault circuit interrupter (AFCI) and/or ground fault circuit interrupter
(GFCI) circuit breakers having, for example, one or two poles. .
For example, U.S. Patent No. 5,293,522 discloses a trip circuit for a
single-pole circuit breaker including a line-to-neutral varistor, and a varistor for the
trip circuit siticon controlled rectifier (SCR).
25 ~ U.S. Patent No. 5,260,676 discloses a trip circuit for a two-pole circuit
breaker including two line-to-neutral varistors, and a varistor for the trip circuit SCR.
It is known to employ a MOV in parallel with the trip circuit SCR and
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 VACgus, it is
believe'd that such MOV are rated at 150 Vrus.




bel i eved that such MOVs are rated at 150 Vas. 7 April 2006 ?Aiﬁlggg) nt No.
5,519, 368 di scloses a ground fault circuit including a coi sse y, a
rectifier, a MWV and an SCR in parallel with the MOV. For a 120 VRMS line.
vol tage, the rating of the MWV is 150-¥RMS. |If the neutral is "lost" (e.g.,
due to an electrical problem due to a 5 "white" neutral wre being

di sconnected fromthe power bus) in a single-pole, two- pole or three-phase
power system then t lg.ne: to- I t age ey 10..20 r 240
DRVE, ther eby causi ng it enl AG: P3haR Akt i maleit i iPfhacer o
fail (i.e.coil sisembly, aneeifiesesMMO wod ha GERCRNSHrdlicd Wit ths MOV ciFmta 1dor ati on) .
There is rgomfor inprovenent in circuit breakers and trip circuits for 10

circuit br SRushiLe voliagsahssagns of the MOMNT L EAVEMbodi ments of the present

i nvention are direct i L Gyl Lo a ' gml a ssive
vol t age detection ci%%&eagﬂclﬁ g%&agémﬁég%ra&%g%e f@}igﬂn’r gﬁ??&gr eaker
trip cix cufwhite8 wehtralswire bringhlisconigeiciofremahe powit biis) iR apingé-pelenthust or
(e.qg., Ii ne or eutral%{, r at her tfl;l%glér?_m line-to-neutral. This permts the
trip sol erff4Ot BremplEsk PAVERYSSI & ligEdo-Behtiah yolisgequay B o7f848d, al so,
to trip thEoVhGULkrdBYy RakeSg HE Be-t5¥bdtA 'M@VEQI) 'iﬂg'cﬁreﬁiggfé%fc&'to vl tig9e of
suitable duration is applied to the circuit eaker. one aspect "of the

i nvent i on,dug tear exdessive eltage corshithon ofswfitcidit daratiaf). t er mi nal adapted to
receive a line voltage havi?r%gfa nom nal \t/ol t.age val ue and an. excgssive

vol tage val ue; a | oad™f%" mPHLfor Wproyement Ghairquih hrealiers SCUESAIE - abl e

cont agds elregit biegkdrky connected between the line ternminal and the | oad
termnal; an operating nmechanismfor opening and cl osing the separable
contacts; and a trip circuit cooperating with the operating nmechanismto

trip open the separable C9§@ﬁ@%ﬁ#&iQE#iﬁ%ﬂgﬁﬁﬁﬁhgﬁfit conprising an
el ectromagnetic assenbly iTr . ing a threshold voltage
for energization, aEhbb8ineais'dFihd ]i)l%%ﬂtiﬁ@nﬁen AR Bifdcted th 'l dirofiff BEllakEON

[
associated with the separable contacts and to responsively energi zé the
trip coi | Whichremplpes pn gxcassive aghageadrdectioneniont, sichcasi 4n BIOYit mdodsahelet ect an

excessgive.. t nditio ssociated wth the |oad termnal and the at
| east f%)neCII\r?glLttb?ngq(efancﬁgqlgafﬁ% o) O%ﬁﬂeetg'ﬁogr‘?ﬁnﬁé]l SPlelet gPYEF FOREUERT b coi |
with at |astlideRe ntiif} ioher Hed fo8elincdRoalRidl This fehRiteHetas s¥tndigks age
condition is about tines to about

~ block high voltage surges during surge testing and, also, to trip the circuit breaker if a

sufficient line-to-neutral voltage of suitable duration is applied to the circuit breaker.
As one aspect of the invention, a circuit breaker comprises a line

20  terminal adapted to receive a line voltage having a nominal voltage value and an
excessive vollage value; a load ferminal; 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 ttip open the separable cbntacts, 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 neufral 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, |




two tines the nominal voltage-value. 7 April 2006 -4 The nogi ?llll g tage
val ue may be about 110 VRMS to about 120 Vps; the trip thresho % vol t age
of the trip coil- may be about 60 Vas; the excessive voltage condition nmay
be about 208 Vxnas to about 240 Vps; atgd the second circuit may have a

t hreshol d vol tage of about 130 VRms, i'h"order to responsively energize the
trip coil 5 with a voltage greater than the threshold voltage. The second
circuit may be a nmetal oxide varistor or a sidac. The first circuit nmay

include a fault det e‘ﬁéh@m@xf@m@mﬂ@aﬂé ARRN1IEVRLS @ bt 12000k er
ault detection circult to energize the

havi ng a %late_ triggered by the fault
trip coil! W@@%@@V@F%@f@m? cotl ahaydes abovbél ¥avgdhberasiienvadfaga di ode,

a zener 1 s ' esj st,or 1 {,h the,series .conbinati.on of the
di ode, t h'goéael%g]remg?g%gbgéfﬁg% ?}r S ¥0| Joopt %&&W%ran%@eﬁﬁcoé}decﬁcmt B RVE onnect ed
in paral | elthreiliold tdleagsidfiabewt 130N KRl irterder RCkkfonSielydhdroid he @5 86PN
resistor being electrically interconnected between the gate of the silicon

cont r of | edith@coltagegregigrithph therthreshold eltageor . As anot her aspect of the
i nvention, a circui . ' : M 1 nd second |ine
termnals; first anghés)gee%%&lroag %%E?ngﬁnaelftéslf)%éifz Vﬁé%gﬁoroanségaﬁeut ral term nal;

first separabl e conThe fisstadimaitr inaplihgludo antaalt eldibasnverbuit had fd kisitod | ne
rst |oad termnal; sec separabl e contacts

t i | d. t A ; ) L
electric a‘_F‘r%;r';TO&‘BQ ?F@Eh%fdma_@%&ﬁe@%e triggereddydhe %%rﬁ@?@%ﬁlfﬁllt taisgeretve tiecond
| 0oad t er Mirpadoil, amhee@aoaaIcmmmgﬁgﬂcmfaogeﬁe%&%&ggmf Gl 854S g Tirst

and second separabl e contacts; atrip circul cooperating with the
oper atli ngdinde twahd Srst tesistor) with fhersetibecdnmbinitionrd thediodd tsepacadibée ambnt act s,

the tri Lreuit c risi an . electro net i SS ly.including a first
trip cgi tl‘ﬁe fngts@cqf’Sg?B ngag‘&wﬁ‘lﬁ’ac‘?‘}np%tggg? rpé{?i]f’laﬁ’éfgr;}g‘é)éﬂ{c@nm% edy trip
condi t i onveasHRChAl Wih WsédbndQ&siit@@@éin@Ql%ctﬁﬁal}!f‘ﬁtefrwxﬁ&t@&‘gelﬁ%&??flé pg%?eofar abl e

contacts and to responsively energize the first and seco coils, a
second ci¢fdbe siligerpgrmirglicdregiifiercinddhe Sxt essistare vol t age 25 conditi on

associated with the,fi | oad ,t 1 nal nd the ai,| east one. neutral
terninal and to re‘%%%‘%og;f‘?feﬁfs e%tnogtg? ilévqnﬁgn’f? PE?“I{ pi %o‘fqn}PrQﬁﬁngStt hi rd
ci rcuist amdpseednd dindetentinaR fir@iX 8B SkaRdY Rall A@BniaM8d i 143t a8 QruAlled with
t he second l'(r)@g termnal and the at | east one neutral termnal and to

r esponsi VEMYnEh 8 searabiecastacsneleetrigloenmectqth betwsern e farmidlinettermainali r cui t s
may be Mehalth¥kd foAbhiinF: Se¥nd $ef@581e contacts electrically connected between

the second line terminal and the second load terminal; an operating mechanism for

opening and closing the first and second separable contacts; and a trip circuit
20 cooperating with the operating mechanism to trip open the first and second separable
- contacts, the trip circuit comprising an electromagnetic assembly including a first trip
coil, a second trip coil, a first circuit adapted to detect a frip condition associated with
at least one of the first and second separable contacts and to responsively energize the
first and second trip coils, a second circﬁit adapted to detect an excessive voltage
‘25 condition associated with the first load ferminal and the at least one neutral terminal
and to responsively energize the first trip coil, and a third circuit adapted to detect an
excessive voltage condition associated with 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




30 The first circuit may include a fault detection circuit, Aﬁ £8odpi rs of
first and second diodes, and a silicon controlled rectlfler aving an
anode, a cathode and a gate triggered by the fault detection circuit, with
each of the first and second diodes 7 April 2006 -5 having an anode and a
cathode, with the anodes of the first Yl odes being electrically connected
to define a first node, with the cathodes of the second di odes being

el ectrically .connected to define a second node, with the three pairs of

di odes dehhvihpGn adoddhida AHEde, iftoME taﬂodf&@ff B R diddfeE Beig octricall
respectively. The first trip coil té be 5 electrically connected %etween
SWI

the fi rst comteﬂetondﬁme arﬁrshnﬁder, rthe shthoHes ofiithel secondudiotiesaheingi ft h

Cocand 1| oSS TERIY rarnefish ol HEaRLAHE WD b e PRRTCIOER IE R e modes.

The at | aaﬁitrd 86&e, RefdiftR nol&hkd A @fthR)e b@s%cﬁ@élﬁﬂ Cile! first ﬂi‘ipec!c@lofﬁﬂf‘% ed with
athird one of the third, fourth and fifth nodes. The second circuit may

be el ett r pleglricglly @ﬁmteécbeme@ethm@mt lasd farmmelagmd ari&shene ofithe &ird, nal and

the first f ircuit may
be el ectrlog'{:gﬁ’l%l c%ﬁ%gé e vﬁg%n 901{ S—fastélgqﬁgaugu?o Ch[e‘ig? eﬁ%l and

t he seconthe(meormlfloadltbnhhia[ gind 4 ea¢ohdh on6f fhk fihikd, Tostas anBRIEhod¥sSTRERT ON OF
THE DRAW%GSﬁ 15 A fu understandl ng. of the inventjon can_be gai ned from
the fol | offefPnechedral [srnpnl By e elgsitigally interconperdechwiths thirdronecafdbe n

conj uncti g awel iyl Qﬁd mf%?@sny'mg SEA RSt ngfbiec'ﬁh&&i €oonnbted DI OCK
diagramin sthematic formof a trip circult an excessrve voltage

pr ot et i obetwmrcthetat ierast cmesneuqddeemnhai and leafitst bneakibe third, #oadr deinfith 20 with

the present ntlon ure 2.is.a block di hematic formof a
trip cir Hides s i G s I%anélgeoweﬁteé@le Déﬁ? BUPFL OpReusra o pol e
circuit b{eﬁﬂﬁlﬁaﬂd}h@%‘d&h&'%ﬂéﬁi 19k Uilr & ARir{tednd igggnt of the present

invention. Figure 3 is a block diagiramin schematic formof a trip circuit
and an 25 excessive voltage protection circuit for a single-pole circuit

breaker in accordance _yith aTe) he present invention.
Figure 4 is a bl ock dlg .";}.?.].}.%%(“ e LZ‘EEI:Oi'?l:n:.f)]g‘.g...u. & L..p circuit and two

géggfgﬂa\égev \(/)v: E ﬁge PAGUR GhHGRafdifE b the thedntidn tHPHE GhiBed BhMULE BliRaker 10
description of the preferred embodiments when read in conjunction with the
accompanying drawings in which:

Figufe 1 is a block diagram in schematic form of a irip circuit and an

excessive voltage protection circuit for a single-pole circuit breaker in accordance

20 with the present invention, 7

| Figure 2 is a block diagram m 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.

Figure 3 is a block diagram in schematic form of a trip circuit and an

25  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,




anot her enbodi ment of the present invention. 30 Figures 5-773(fies§6ssi ve
vol tage protection circuits for the trip-circuits of Figures™1-4 in
accordance with other enbodi ments of the present invention. 7 April 2006 -6
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The invention will be described as
applied to mniature one- and two- poN%'C|rCU|t breakers for use in
residential applications. It will also becone evident that the invention
is applicable to other types of circuit breakers including those used 5 in
AC systems oper ati I RRIMHGRYF THEGENTHIEREPIBRNIRENDY number of phases
(e.g., one, two, t [0 farger or snmaller circuit breakers,

such as subn1n|atuﬂhemnmnhummmﬁbahcﬂxmema$m@ﬂmﬂk&m&nmﬂmdoﬂ@%nﬂﬂM@e range

of circuit reaker pplicatiopons,. suc or exa esi dent
commer ci aP%® |%H’§tbi“?a§l3 S ’Jﬁf PR H‘f‘EeSlde%}E’?BBééF@éonsan V&E‘tﬁ%{’?"\?@e eﬁ@ rt her
GRE VALRVE)

non-1imtgpg &@&ﬁ%ﬂtﬁﬁqs HRahIE t6 818 typdd Ot éiﬁmltzlgeak%?@mclﬁaﬁ’lg
operation at a w de range of frequenC| es (e.g , 0, 400 Hz) and
DC opef at imA{ eystrms dﬁerlwﬁl@) aavmqmesfmqbblwesm@hwm@ an:so nam@gr ef phasgs

single-pole circuit breaker cludes a tri lﬁ Ci r.cui. avi 0

excessi ve(%#téi‘ﬁ’etﬁ?’olﬁgﬁ?l%nm@f”"rcﬁ?t ager Q1) § %uetre?lf:ﬁuﬁt Pre Iprs gdﬁfot ed to

recei ve aglynfigian@k o ¢8mbkrdaVEineitobrBidtsd ahd (@ lat wide rideUst diftult breddeput 110
15 120 VACRns): and an excessive voltage value (e.g., resulting froma

"| ost" neapplightionsorsyrh i asn; foamx@mpmsresldelﬂw@ vmvsalalabadnsmqlnéﬁma& about

two tines_the no ue lin a i Ui{t;nbr eaker 2
oo | et atragnB Aol FrponsGitS | R ey RS inkRik WEmpiel. piAC € flitopl €3¢
(two By e sITMW20] #3(F6Q0 VACRs) SpEatiaibhica B¢ agigs oflffeqaéxﬁn@l (e;gt r30; a0l y
connected between the line termnal 10 and the load termnal 14. 20 As is

wel | knowh20; 4R0 Hlge prd Dhpnsetionne-enft2 Y Rfpkaie PassiPle| oses the separabl e
contacts 18. The Cig r t

operating mechani sm%ghié;{trlég o?)eérllQﬁléggﬁg?régﬁ%?%éﬁggﬁg%%%% trip
circuit 4mnnm1mdmsm@nm1eh&mﬁwemagqgipm&aasnnmkyﬁ &uch lims ternsichle bdiisl 24
havinga%{@{) coi | tri 5threshoIP]g volta for t @qg

first cir ed tgﬂi‘“c‘}?“’z?sa lFFeV foge /1 W%r%‘ﬁ‘gﬂn Ita(gp abeut 11z ot ed to
det ecis an A ¢ QLS oAl 4h WholsRUNDIE AL (0, GeRfinlg aem éls‘ﬁﬁﬁ’l ARl Wi th the

separ abl e cont 18 in the power rcuit tween the line and
condition; about 208 to 240 VACrus; about A3 times to about two times the nominal

value of the line voltage 12). The circuit breaker 2 also includes a load terminal 14,
and one or more neutral terminals 16 (two are shown in Figure 1). Séparable contacts
18 are electrically connected between the line terminal 10 and the load terminal 14.

20  Asis well known, an operating mechanism 20 opens and closes the separable contacts
18.

The circuit breaker trip circuit 4 cooperates with the operating
mechanism 20 to trip open the separable contacts 18. The trip circuit 4 includes an
electromagnetic assembly, such as a solenoid 24 having a trip coil 26 with a trip

25  threshold voltage for tripping. A first circuit, such as the AFCI/GFCI protection
circuit 28, is adapted to detect an arc fault and/or ground fault frip condition
- associated with the separable contacts 18 in the power circuit between the line and
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 |




| oad term nals 10,14, and to responsively energize the trip79§ﬁﬂzg&5mdth
the tine voltage through SCR 30, as is well known. 30 In acc,réance W th
the present invention, a second circuit, which is the excessive voltage
protection circuit 8, is adapted to detect an excessive voltage 7 Apri

2006 -7 condition through trip coil 267associated with the | oad and neutr al
termnals 14,16 and to responsively energize the trip coil 26 with at
|'-east the threshold voltage thereof. In the exenplary enbodi nent, the

i nal | us. |i.: tage: ' t o t Vps,
the. t nr csnstgeSh iy 4P el 2opRRSiald i JT0M ks kB choaOM el e
excessi ve tyatspagitvelparbirdivotheitSp abio06 w2hait Voakitht threshold valid@e thendod. (1. €.,

about (err)3 tinmes the value of the |ine voltage 12). r..exanple, if the
excessive voltage phéecaemplirgpmbadiment ithe gomangl %?\éﬁﬁlmﬁ?&%&?&?t age of

about 130 h su ' ' | | difss Lshabggicoi | 26
with a vol glgbgoéﬁ é?@gfﬁ?fb%ghfﬁgj@ﬁﬁ@w@é%%%%e g?é %—gﬁ%as. 1(%1.
Pr ef er &bl y50 HgysSs hadvthei axcédsiyeroltige aondithors iseabtoup208 ¥ash; don ablexti2dé, Visgch as

the exenplary MOV 34, is electrically connected between the |oad and
neutral  t{&enibvat s/31dmesthelvaluehd thx &np vaktageci?o Horexample,Hé theosticesiveval ue of

the |i t 12 1 bout t bout. 120 V., h 34 h
the ne woldens 12,5 S0 AVRIE L0 abaul, 120 Moo g bhe o0 54 s
circuit brgakerask § f&?&%s@elﬁbﬁ’érgi%_@él eSBR o2 evHiB L Rilagd peRferahst Ok

transi ents above abou 50 °Vi, While the excessive voltage protection
circuit 8threshodd véltage of €liVkmbr eaker 2 responsive to relatively |onger

duratigon.excessive voltage conditi.o abqve, abaout, 190 Vxnt i | gure 2
showsllg t wo- pol e ci &E‘ﬁ?‘?g“é’r% Wniﬁr}‘ﬁ%‘gFadFﬁr&ngelftrﬂr%te%timrnc%‘?‘{%cedg c(g%rsid t Wo
excessi ve tokekafflaly’ MGt IQNisCHEGHEAIE, ¢4nrftbted Thtweed Cht loddr eak geutdd)

I ncludes 20 first and second |line termnals 48,50, first and second | oad

t er i nal s tBmisds 14he bribe exemplpey erabadiment thernominal wineefitbe ipe veltagan in

figure 2) . ,FLrst abl 58 F [l I et ween
the f1rst TPineopuriiOnRe, G SRR 120 SR B CMUEY il A el B0
second sepB&@Es® VR abi thibthaane, dheeMIV Gl prypteconthe atiredit ietaleed fitra second

line terminal 50 and the second | oad term nal, 54. _An erating, . hani sm 62
opensl125 sxiativelpshoster dutatipn suregy and/ee Gapsiads aboys) @%bﬁf%@’aws»s@?g. ®The trip

]?: { g;“ ;ng%xcegggg ﬁfgﬁﬁ&’s PRt QickhNEirQRETR A e Chamt HRARr 1P h&idnsiopap t he
rélatively longer duration excessive voltage conditions above about 190 Vrus.

Figure 2 shows a two-pole circuit breaker 40 including a trip circuit 42

and two excessive voltage protection circuits 44,46, The circuit breaker 40 includes

20  first and second line terminals 48,50,‘ first and second load terminals 52,54, and one or

- mote neutral terminals 56 (two are shown in Figure 2). First separable contacts 58 are

electrically connected between the first line terminal 48 and the first load terminal 52.

Similarly, second sepa:rable contacts 60 are electrically connected between the second

_ line terminal 50 and the second load terminal 54. An operating mechanism 62 opens

25 and closes the first and second separable contacts 58,60. The trip circuit 42

cooperates with the operating mechanism 62 to trip open the first and second

separable contacts 58,60.

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




separabl e contacts 58,60. The trip circuit 42 includes an e%g&gqg&ﬁgnetic
assenbly, such as solenoid 66, having a first trip coil 68 a a second
trip coil 70. Afirst circuit, such 30 as AFCI/G-ClI 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 tﬁ%‘respective power circuits between
the first-line and |oad termnals 48,52 and second line and | oad termnals
7 April 2006 -8 50,54, and to responsively energize the first and second

trip coil sso68 704 t&eﬁg&gg@ sﬁerrgﬂé the HREaRKSQDRH \fﬂ;ta \¢6i14 8850 kE%HON

circuit 44,7 1S adapte etect an excessive voltage condition through
first tri pircoitl thé8xassive veltant puptebtiarherduitr4t, i$ adaptedetondatedt aBXxcessiyet he

neutral termnal 56.and to, respansively energize,the first tri HLI 68. A
Chira’s crolags condfistobeckn G308 o s rtue P OF S Ao el 3o e 1o
detect an 8y HRSKIYE] teRinhPSIPafPRdedpoRfvilD feAbigleSRE G ip ball 681 A thidd
associated wth the second load termnal” 54 and the neutral term nal 56

and t o5r esprovisi theleycessive ypltagetietestioeirtuitr46p it addpteroto datect 9B exeesYEar y
enbodi nent, ..t he nonmi n value of the.two |lin volt S . neut r al
term nal gfgltg\g*aacqnﬁ@opg‘lgr[gg@{ Trand BRLY lep}rfjo ﬁ%@c%’f%ﬁ?ggeco%gio\éﬁgéﬁ%ﬁo Vas to
about 120 5YRad tiYkutrhBeinibfTRInd tY edshetievedf eldigizé tHeRe€®id t8p@6il 70. i s about
60 VRMs. For exanple, a typical excessive voltage condition is agﬁlgt 208

Vas to about 240 Vidhe gEemplasycadodingit| thacoarbinpl yelug) of ke &G bogher
Dl . WL b, YK IR L b S ¥ it Y v 0 2

rated vol t'ag responsi vely

ener gil@ges abfigt 110 NGdystd bpue 020 VRGs, wint theathwshdld yeltige off thatriy cdilsa8, i0nis

t hreshol d vol tag{F of 60 Vps. The circuit, 46 fper ates.in a]PSi 51%3} manner
with the @beys60oimms7dor erasmple. afypical excemiygryoltagsrsqypditionds abqul p08 dgus
protectio L GARK, v SUC B Yo MS AL r ctgieal |y
connect ed@%gﬁav@éezﬁﬁtmwsf gss%%g%%%ﬁﬁgggﬁé t%rel)r{em nal ?Sg%@gmgr?gmtﬁ %’ Elfreﬂggr al
term nal Bfcessive voleage pestpdtmnicient ddiise MO Viliavingt het@Ovolage ofbba|138 of t he

N | t bei bout, 110 V to about 120 Vas, t 74,76 h
rat od vl (g 975 S0 0 NeponRgY acee Bah e 6 Pt YUREE 28 and

anot hes  exRaRe ik HElhRARII RERIRCST Q0 VI Ol cfouft 0 GheRiifighis Bakifurc r oui t

br eaker 27. I ne term nal is adapted to receive a line voltage 12

havi ng a nemneravithvtiedup ¢@l 0., about 110-120 VACs) .
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 Vgys to about 120 Vrus, the MOVs
74,76 have a rated voltage of about 250 Vaus. _

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 VACgrys)

25  and an excessive voltage condition of 208 Vrys to 240 Vrms. 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'.




25 and an excessive voltage condition of 208 VRms to 240 V A1 P60l reui t
16’

breaker 2' also includes a |oad terminal 14" and a neutral rmna
havinng a neutral pigtail 16" electrically connected thereto. Separable
contacts 18 are electrically connect between the line termnal 10" and
the load terminal 14'. As is well known, an operating nechani sm (not

shown) simlar to the operating nechanism 20 of Figure 1 30 opens and
cl oses the separable contacts 18 . 7 April 2006 -9 Unlike the circuit

breaker 2 of Fi gureUhliké filee &t Begite? S bORightd CUiht GRS plotection efrewiced to
the neutral terpminal 16', while the AFCI/G-Cl protection circuit 28 is

r ef er enceddti§ refseencedite themsnial| terminal dénevvhiles the AFal/ESL proteckipyciyguit  SCR
30', sol ' : i ' ; | ' b K ; as the
cor respong?%ggg&écggggﬁelbgdofeﬁ%g@z%o@tei% | ggfq}c“% %@Y?’@bﬁéﬁwg 30,

sol enoi d Zeleraid 24t iapd atpl cofl626' ofuntii@u ire alsimB&Rn3ner & the g@edspehdiye t he G-Cl
pr ot eg‘%ion circuit 28 to energize the ¢tri Figure 4 shows a

il 26",
two- po? e EXGeETVE vollags prgtection cinguit §aMAYV 344 $<EEC3§!» selenoid 24 and gyeail ep
! e AT G e A 20 10
Pher udes P PIshAOR BIR 8048 fikeelcnty he oiCr diBiopyehl il 284d REBEThe 8O |

t er mi nal strigXoil5%'., and a neutral termnal 56' having a neutral pigtail 56"

electrically connecied thereto. First separahl e ntacts 58, are.
electrically connec%’@ﬂr%‘%ts ‘@%att}’(E'Hoer%‘fc‘ﬁﬁ?fégieé“ p]"i’é?ﬁld%a UEh GUeHe first

l'oad ter mnandSivo eleBlil@NbNageSHoRRHoR eRBEIRLLP 460N ARG §rchR brédi@r 40'
electricall connected between the second line termnal 50' and the second

| oad Mb twcividemfirsband secondling tetrhinglsH8t 5 fisnandrretomshHoadhlerminals| 4,540 t he
operating_ jrechanism 62 .qf , Figure 2 opens . Cl oses, the fir and second
cbpar abl SR PARAL Wi g i € nBER 20RaT 30" SeBE ey, SimebeT oIS, e

oper at i NOFiRR GBRRASNchRabt 158 S @lectiRlly fdohdctelNbbtweGOMme fHsaledehfingiont act s
58',60". The trip circuit 42 includes an el ectromagnetic assenbly, such as
20 sol eno#dl asd' theHiirgt Mepdatermingt 52k | Simdaly, eBrongh genarable epefaets 09" exsi | 70' . A
first cirguif Gl reuj t ETI pted e tyip
condi ti onagdsté%aéggggﬂm\;maéii Eﬂé(%ﬁ%e%oﬁl%b%etcﬁg%fl met Iéu%glgir Es;@ aar%dgths%e%egﬁ%d g%aﬁfz’ar abl e
Cogt i’:ltﬁtz ﬁ'aﬁhin'sltlaneknt h@;ﬂaﬁﬁ@gﬂl&dzﬁ&ﬁisgp}/(ﬁbt @hﬁgﬂ)i ts&gﬂﬁew/eml 6lblﬁatfoﬂgf st |i ned
an oad termpals 48 ,52' and second |ine an oad termnals 50,54, an
to respo n@?‘%}béPVme%?e p% iFsgurg geopeps gﬂsc? slogessibe diret and; ssoent F@aegie, cpgtactsy second

58',60". The trip circuit 42' cooperates with the operating mechanism to trip open the

first and second separable contacts 58',60'. |
The trip circuit 42' includes an electromagnetic assembly, such as
20  solenoid 66', having a first trip coil 68' and a second trip coil 70". A first circuit, such
as GFCI circuit 72, is adapted to detect a trip condition associated with one or bqth of
the first and second separable contacts 58',60' and the respecﬁve power circuits
‘between the first line and load terminals 48',52' and second 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 tﬁp 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




25 circuit, the excessive voltage protection circuit 44 %@%gb@tﬁj to
detect an excessive voltage condition through first tri p c0|A[

associated with the first load termnal 52 and the neutral term nal
56'and to responsively energize the fi st trip coil 68 . Athird circuit,
the excessive voltage protection circuit 46', is adapted to detect an
excessive voltage condition through second tri p coil 70" associated with
the second load termnal 30 54' and the neutral terninal 56' and-to

r esponsi vM@V@ﬁé;’?@L are eldvrically oomthetrtedbetwien tHOtespechve load adriminale§2°sH0wn i n
Figure 2, %m ent prot qti,on devi ces, such as the exenplary 7 April 2006
-10 MOVs negjral tgrmuip al |y connected between the respective | oad
termnal s 52 , o4 @utl Rirf&HEZ FhcluBES B BF M ault BBRcHdH Hrcuit 724 thred 2

i ncl udes the GFCI fau etection circuit 72", three pairs of first diodes
80, 82, 84 pails suﬁcfhmcthddascﬁ)s!im 88} ezondrtiodess36,88%Hh apdrt siitéredont®liedct i fi er

SCR . t hod d te t t.h it
72 The AmiELCSRIPERRiREL Bostcs -Aboudalhh fak RBR TP B B Rect ea 1o
def' ne a fihe Sho R G theSitst AHEs BOS20At Lo Rt RANY fhnsQe@RAIAine AR sGRd88, 90 are

electrically connected to define a second node 96. The three pairs of
di odes al 84, atwitheieathodehof therseximdgiiodes 86883 0rararelgeiricalyocoanerted fo define node

102, respectiv npde, 9 S e c f .10 the
ca hode oF St 8 18 AR Rl SOGH 1ad dehFe St Rak R FifudhelSy! "'
el ectri cahwan@@&ﬁmqioaéi 102t w%@&ntemﬁ Fbf stanipda @hd £5de1 983k abfhie janitioh o€ node
100, the second trip c s electrically connected between the second

| oad 1@r nthssatimde 05@@(1@ ﬁ% aphie anede ofdiede $e ﬂaﬁrﬁhqnpt@l@ﬂalelessml ¥

| t
o4t L o2l A SFRAASES Bt M iBal SFu Pl 198 SHORLRR YA Pt MV |
n(ﬁde 10? 7|9ll‘i$ eld&mdaﬂy I’cdmiﬁcfed(libeﬁiedbﬁﬂg%condl 1:??]@ h@ﬁﬁt{jai 64} b.lt)/(}] tenneletdsd bet ween
the neutra erm na e Nno e anodade o
el ectri caftd ﬂwﬁ%@{ teamingl of lﬁn%la‘éﬂg@?y gﬁ%rcomr?étegam%&@ %? ﬁ@Rs%é? 92 is
el ect 1 caldunG QABEEUABY 84! REIBAHEIRAconERE P bEEn e g GFC

to energize the first and second trip c0|Ps 68", 70" through 20

circuit 7

t he dlfodem@ﬂ;e&ﬁzdﬁdOBﬁaxﬁBﬂ@&hu@m‘bmt,a&ﬂQN 44!, Mﬂedtﬁdallysccmmatcd betatteey
connected_in ral l.el th the 2 |n order to provide surge

prot ect i offerKy Wnnﬁlf?g I@@é’ﬂlﬁf‘ sol enoid 66' and trip coils,

68', 70" function i nTh@afddeiofdhe SBREN 1sae$echlf&u9<ebﬁ@e%warw HRON@RE0Rs; Shd ©
voltage protection circuit 44,
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' functlon 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 lﬁtation, having a rated voltage of about 130 Vrums). Figure

30 6 shows a sidac 112 (e.g., without limitation, having a rated voltage of about 210

Vopeak), 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,




excessive voltage protection circuit 46, solenoid 66 and trip cPbhG 68, 70
of Figure 2. 25 Although exenplary excessive voltage protection circuits
8,44,46,8' ,44' ,46' are shown, a wi de range of alternative approaches my be
“enployed in order to provide such prPflection and turn on a trip coil by a
sui t abl e nechani sm when an excessive voltage condition is sensed. For
exanple, Figure 5 shows an MMV 110 (e.g., without limtation, having a
rated vol tage of about 130 Vin). Figure 30 6 shows a sidac 112 (e.g., -

Wi t hout | ingludédgl Ddiodd a16, AGeAer daddedl 180 hiidhgfo fkistRoOUR0,230) Thépaak) dicddi ch
sidac is a sem conductor, device that turns on to essentially a short
whenever {Heddeqts an gxeossive ¥olage vonditige ad funs p1 the $ERuFhAs A0 8f ci r cui t
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eai st or S 11556 SER B8 884 BBectbfY ol Pon BB RARE i Cliechbl it
igzdi ti ?n(e@ldAFﬂﬂgﬁC?Erﬁté&ioﬁeﬁcuis 38 fmf&;igtﬁléliR) gﬂ?&i%i_zd:ﬂ;gu_rip cﬂailt(a?geuﬁCR gate

is triggered. by the corresponding fau tection circui e.g.,
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e.g., try b i . 1 { 1 : i ode
1767 senertigo §20 s el Qi bichiin pfiRcGlh B, SCR30NGHh Ab 5ol 22
par al | el baingeledtecPRn@OGonnedidd bdteresrethe SR gd@ 224 el thg redistot ¥20cal | y
i nt ted bet th CR t 24 d.t , i st 20. Th |
lrout b breaker s 2. 5 emplang; s Sarhere o &0 shFied B BHF t or s of

bot h el eci{FaRhgecu®S8 1BnNELbOA cIPERIHRS 1oL PR ial PERYUGDn 4l fiHpOfed
protection. This permts the trip sol enoids 24,66, 24',66" to bl ock

r el atlilvel sprgei pybteviddn. abjds peanajtsshel trip sedermidst, @24 i600to(kdogk relatively hiighy
continued use of 7 .line-tq- .neutral S _even wWi.th a sur.ge
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a suf fi ciatrall MUB7S SreRokilll al2 (¥ Gub@linpRiakded.t BRHBerthoie dueh tiS soled@d | ed to
the circuit breaker (e.g., without [imtation, about 200 VI aor nore for

15 about tBAdhe gieuit _b@gls%s_éﬁ asulfisiesh digedepevim! ipltege obvitably dusaipr é speci fic
enbodi ”E’ngligcf 6 118 iR Bty Ibegg!te @@?& Hﬁ%{i&@ea%ohﬁzo@% A lor thére B | e

appr eci at y those s ari ous nodi'fications and

al t erlsat iabest dre cytlese seletAstndoddgndiagdaveltagdd in |ight of the overall

t eachi ngs of the i.sclosure. Accardingl t.he particul ar arrapgenments

di scl osed are nmeantWfie Bee F‘lnﬁQng&eﬂfegi nyethﬁﬁﬁ‘ﬁﬁn&ﬁﬂ haye bes ?ﬁcﬂgedigl to the
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disclosure. Accordingly, the particular arrangements disclosed are meant to be
. 20 illustrative only and not limiting as to the scope of invention which is to be given the

full breadth of the claims appended and any and all equivalents thereof.




7 April 2006 -12 CLAIMS: 1. Acircuit breaker cofprising: ajla ne gy m nal
adapted to receive a line voltage having a nom nal voltage vgl ue and an
excessive voltage value; a load termnal; at |east one neutral termnal;
separabl e contacts electrically connected between said line termnal and
said |oad terninal; an operating mechdRi-sm for opening and cl osing said
separabl e contacts; and a trip circuit cooperating with said operating
mechanismto trip open said separable contacts, said trip circuit
conpri si ngEQMkect romagnetic assenbly including a trip coil having a

t hreshol d"volTtage for energization, a first circuit adapted to detect a
trip condition assodi at ech wir¢uit lwaildr sepprisibg:e contacts and to responsively

energize said trip coil WiLih 3ai d Lin Y I.ha?e,.and a second %rcuit
adapted to detect an ex&3S8F vVE™V t%f%@e ottt adlsc volfagy 1% 8ai d | oad
term nal  apghiddielidle VaRRSIndANRxcdISNE KaltageSallenal and to responsively
energize said trip coil with at least said threshold voltage. 2. The

circuit breaker of O ai maloadherminal;sai d excessive voltage condition is

about tinmes to about two _{jnes sai m nal voltage value. 3. The circuit
breaker of Claim1 or 2 ﬁhkgﬁioﬁegﬁﬁ:ﬁﬂ?gﬂﬁl%’l vol tage val ue i s about 110

VRrs to about 120 Vim \A@?a@aible tdagtabRr eetacally” Foindaeedobetwieh Osakd ilidecoi | 1S
about 60 VRw, wherein said excessive voltage condition is about 208 VRMS
to about feaminghand spidilogdderatiralsai d second circuit has a threshol d vol t age

Vol tage greater  than t net CRraTERRRORRRL oGl e Boli i BBl ' 1 1 2

one of theomikgaddng cl ains, wherein said at |east one neutral termnal is
two neutral termnals. 5. The circuit breaker of any one of the preceding
claims, wherein said at2/'dRsicWheropeiating Withesaid opprating meGhapismde iR i nal

with at | gastsafi\@pRaHle’ @htalsItad brip circuit comprising an electromagnetic assembly
| including a trip coil having a threshold voltage for energization, a first circuit adapted
to detect a frip condition associated with said separable contacts and to responsively
energize said frip 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
.Volfage value is about 110 Vyys to about 120 Vryvs; wherein the threshold voltage of
said trip ceil is about 60 Vyys; wherein said excessive voltage condition is about 208
Vs to about 240 Vgrys; and wherein said second circuit has a threshold voltage of
about 130 Vrus, in order to responsively energize said trip coil with a voltaige 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 nel;trél pigtail

electrically connected thereto.




el ectrically connected thereto. 7 April 2006 -13 6. The cirgg&klg&ﬁgker of
any -one of the preceding clains, wherein a transient protectron device is
electrically connected between said at | east one neutral termnal and said
|load termnal. 7. The circuit breaker of Cl aim®6 wherein said transient
protection device is a netal oxide vdPi"stor having a rated vol tage which
is greater than about two tinmes said nomnal voltage value. 8. The circuit
br eaker of any one of the preceding clains, wherein said second circuit is
a metal oxide varistor. $he IhQuitheattrlorBhfakess ME pRIYAIAP Qladhs, WiRrGhal M8 1
to 7, wherein said second circuit 1s a sidac. 10. The Circuit breaker of
any one of ttansieprprotediionglericaiinelectvibaleconnestad betiiees said at eaittone netttedes a

faul t det$CtL0na§&rcﬁitd nd.a.silicon controlled rectifier having a gate
trigger ed DS AR pald fq fon circuit to energize said trip coil; and
wherei-n sai d secondyci r cuhé cirdifil BrefEr 3f EinCEwhORB HR ARt pRratiede, a
zener diode and a first resistor, with the series conbination of said

di ode, sadevigeisarmefpbeiddasvatistos hpving iarrated volags whiché grgatet then pbasditwy

connect ed.; rallel ;with said silicon controlled rectifier, and with a
second reg%nrséfgﬁd%é’?%balg?léa@?rvlgfgg1 |y interconnected between the gate of said

silicon controll ed gecti Thesircuitchredict of hiiysbnd 65thé pRcediad clathe vilickéinli t
br eaker of ,S\ny one of the clains 1 to 9, wherein said irst circuit
i ncl udes  d sgcend giyeyit isadngial oxide Yagistor: detection circuit, and a silicon

controlled rectifi ey tr i gﬂf&f‘c‘ait%e%@} %%{y/c&)r}(‘:e_ao%ltﬁe ‘?Bglsglrt%wq%hg?eﬂl §aic9€t ection

circuit to energize sai rp coi I T cul reaker conpri Sing:
first andsesembeigelitina sidae.mi nals; first and second load termnals; at

| east one neutral termnal; first separable contacts electrically. connected
betveen said first [§inelbesiFihreakstosamuons ot © PissefiBgFlainp mhegiit ond

separ abl es P fr@diRut! iRGhAdsCA sl GABARKT B eI & NiR@ndeontrolled 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 cloéing said first and

_second separable contacts; and




second line termnal and said second |load termnal; an o‘pergthggé:hani sm.
for opening and closing said first and second separable contAc s, and 7
April 2006 -14 a trip circuit cooperating with said operating mechanismto
trip open said first and second separable contacts, said trip circuit
conprising an el ectromagnetic assenbid-ncluding a first trip coil, a
second trip coil, a first circuit adapted to detect a trip condition
associated with at |-east -one of said first and second separable contacts

q . | ) . ) ) . . ; « d
and to responsively ener%gﬁa&hﬁc{)&ﬁ&u\? r\ﬁ’iﬂ?&ﬁ@@ %ﬂta{n%l%m%&ia!nfsmf’o econ

circuit adapted to detec excessl vGl tage co n associated with
sai d firsdpehosaid tfimstriand| seamel! Sepalatdé doagsts, aarl mEptoihitt esmprishg and t o
responsi vel energi ze sajd fi r%t trip coil, and a thjrd_ci rfcui t. adapted to
detect an SSRIRTBEIEA ETENY BUHSINE Pt Hksih 4rEOnd T 0l @ THELGRI oad

‘term nal apg,gaisldabct t t ' i i
energi ze sailgl secondct ri ngl ?H%Eﬁﬁg ﬁﬁ%ﬂ%t%@%gﬁg?ﬂgﬁﬁ gisﬁfd wher ei n
sai d at | emparablaecontaetst arall ot exssponsiielyi endrpiae rseidt fisst ahé rsevondl &ip defls, Bhe

circuit breaker .of .Caim,12 or 13 wherein said at,l.east one . neutr.al
Cerninal 1 <6CORCSiRUtAGaPER 1 dSfeotan FroatsieouaPer, candiinh Assoctiag Witk said

el ectri calfpyt loe®Rn@eia8end 584 8t Rastbhe ntii@alGbisiHAlland 16 3pbnaleldRierdig Of the

claims 12 to 14, wherein a first transient protection device is,
el ect ri calsaid frshimipoodd asba tiwlciraitadapted tredatect an exerssitve abltagerevindidlonand sai d

first load termnal, and wherei.n a.second transient protecti.o vice is
ol et 11 oal PPl sHedtRd A dat ot Sai R B e RO R BB AR A Wi s o
second | oaespofitdlP dhergik® saidiRecomtl tgplbdil. br eaker of C aim 15 wherein said
first and second transient protection devices are netal oxide varistors.

17. The circuit bredRer dheagifpunlreaiertofeCliimi b vilrerein sé! apteaskione at
| east one g{l%éqé lﬁgﬁqé)%%(&af@#ﬁ@%@ rcuits is a netal oxide varistor. 18.
1]t reaker e

The circui of "anyone o “clains 12 to 16, wherein at |east one
of said second and tiHi r d Thi fcirtmit Breaeraf$iaiaci2 013 wherebi s4idiat lchsteaker of
any one C:)fneltitrrlﬁ t(f::ll'n?iina islazt ntegtr 8fermV\lihn§1r %Vll’[?l 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




said first circuit includes a fault detection circuit, thregﬁﬁﬁﬁﬁéoéﬁ 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 di odes having @§ anode and a cathode, with the
anodes of said first diodes being elettfically connected to define a first
node, with the cathodes of said second diodes being 7 April 2006 -15
electrically connécted to define a second node, with said three pairs of

- di odes deéleattiogly @nhbdteditondefiae adedodd hble, MatdEsailired fairk bhdidv@ekedefining

respectivel y; wherein said first_ trip coil is electrically connected
bet ween saftardmadss a foygtd node anda fifthnede, respestiveby; avhrein said fefitvip coil isour t h and

fifth nodgs;.: i ! . £ k] il i Cl ki ed
bet woen SEetitEy Enflenl BRREANA 1ol onlifel G Blsf e o SPNBRAST
and fi ft hfonetiesd fifiiexded; wisadid saitl sb@adttrip 06il edédtddallyaionhdvadd besween
electricall intgrco nected wi.ith a third one of said third, fourth and
fifth nootdd sggeafdp é‘?{l“éﬂaié’@érfﬂs‘?ﬁop‘élﬂnﬁ qfgsaid thindy iteygth gnd ddthaedesd bet ween
said at | : 0 t i -SaLd.Lhts js j: redl
fourth anﬁﬁ%ig t ngﬁ%é‘?tadanr? wﬂ]a ?%}lﬁgé!gf%&%ﬁ?é%l&éﬁegﬁ%{@%ws& g,[“jelca% {rﬂlncr(:ial ly
connect edorzetfiveid thishifdurtét ahd fifih mndes; vehrreial saidesacvmb birartisselearicdiyond one
20, The, ci.rcuit break any one

of said third rth an ifth nodes r,o
of the. ol e Betyes S b Jeaptone R efBinel Pk T PR end Bifbund f aui
det ect i Onfofitth GhM fifth Abfes2aid WheRih SRIMHEA!ciB6t is't&drlidal§ cohhdcBYeBiecy Sai d
ground fault detection circuit to energize said first and second trip
coils. 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.






