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?ét—ﬁ%—lﬂ%gﬁi sm which opens the separable contacts of the
cirouit breaker to imigutiliof teRRS!of bitribl bIRCHRPLBHiEs BRAUSHoSYStem

i ' ' r é)agﬁgrofin fault

20 I'n many applications, a circuit breaker may provid |
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 tec ' i r ou e first sensor coil. The
ut put o PEkeS e e BBl Lok GRARC) BBl b PR30 Eer

oper at i onabnditiqu, isficheas dnalvierlstconkdition onarrdiauivelp KR lave shir@ viragt éMfauk ef er ence
values. A lipe-to-grou faul t causes 30 the nmagnitude of the anplified

si gnal t oS¥AEUY tlﬁesfﬁagg rﬁff‘%é?r%%e’fshéoﬁ’éﬂ%lﬁé Aeleirgd | tgeds mipigture (pireuit

gener at eShiakdrk,Pustl 40R kesidthtib AR g SRRl FRARIHGEL S0l phdi&1BR YL ect ed

15 typically 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




circuit passes through the second sensor coil. A neutral 't°79}r??1‘-1'590 aul t
couples the 7 April 2006 -2 two detector coils which causes the anplifier
t:o oscillate, 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?providing 5 protection against arc
faults. Arc faults are intermttent high inpedance faults which can be
caused, for instance, by worn insulation between adjacent conductors, by
exposed engp RENRCRDIRNOKER ARREWR AhpiifilYio’ Aitillake, (RARGE ket Ao N Ot her
situations where conducting elenments are in close proximty. Because of

t hei r i ntgenerationenf 4l tfp gighalpeBem der eadmple, Ua$.cPitentl Wes. 4260676 endr at e
currents %Eggi(#?er 10 sufficient instantaneous nagnitude or sufficient
average R ent to trip the conventional circuit breaker. Even so, the
arcs can cause damagRcSiysidéde Bas ibesh | donbilEkbleO BRSO TRASERLR! ©
material. It is not practical to sinply lower the pick-up cdrrents on
convendi oficdtionagpinstare fidiss AraSaultsereintermitient highyimipedhndedanlss, witkhch  dr aw

simlar c nts uld  therefore S ui sance trips. nsequently,
separate %‘5 g’lee%afl-%rag;ﬁp i c?’h@ R IW&E%HEQ%WS%&&@BWt d‘%ﬁ@?"‘g‘%ﬁng? an arc
faul't tri pxgdsgdaindt Obetwedd ORskeh OcondfictbAU dyS faud§e cohRbtifisaliein Wiker Pat ent
Nos. 5,224,006, and 5,691,869. The arc fault frip si gnaf energi zes a shunt

trip sol efiéiaionyvhere wapdiceng clements geg an jokepe proxtmity.s nBecaypsi ohlthsirt hr ough

actuation; . t.hen - ti [ ce. Netal i de vardstors (MOVs
oo el vot Mtermfifie TR SRORGE bt B SRS b Rere bt St D, (M)
circul® i muffrienpimtantable6ils) mapaibele @ sufidichBdvdragé RSB teurRheld Wiap @he ( GFCl)

circuit breakers Iga,vin , for exanple, one or two poles. For exanple, U S
Pat ent NoSCyepdpnaksiscuit reaks ekven so5 the azgscanicauseglamage of stgnt a-fiselifathey r cui t

breaker i pgdutFe | - ral ;vard : . ' fop the trip
cireurt oDk aeadefbliipic PRgL{ L i PR BpRol B uAnE i She UG 676
di scl osescurants qn ginventidnal drcuit Ureakepphetheterare any hypdedt dsads pehidhlidrgy t wo

| i ne-to-neutral varistors, d varistor for the trip circuit SCR It is
known to m%ﬁu%eqmn‘?Woﬂgf%quéfPr%cﬁ‘ﬁetwaPF? GRS r EORCTURBEY o HPATAE seri es

wi th the geligoqi Qrd;itk_&a‘?@iﬂeexil el l8pdd ¥ Sldebitinly M A Buiefd Qpnfdtd circuit
respond to arc faults. 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.




breakers, and a MOV between the | oad and neutral termnals 9fy St6fs

breakers. For a 30 mniature circuit breaker, which is rated for operation

at 110-120 VACIMs; it is believed that such MOVs are rated at 150 Vas. 7 .

April 2006 U.S. Patent No. 5,519, 368 didscl oses a ground fault circuit

including a coil assenbly, a rectifier, a MOV and an SCR in parallel wth

the MOV. For a 120 VRw line voltage, the rating of the MWV is 150 Vis. |If

the neutral is "losty ue t ctrical pr em..dug to a b5

rhi et neutral wirelhsaeny NS 19388 RS 4 R a By CHfugted

si ngl e- pol enil 4ssemblyph ecaifiet, r BE)PAAG an SOREH uyslled Mitht the MOWE For a 120

| i ne-to-ne traﬂ. vol t age naa\é ri?@&to 208 or 240 V1s, thereby causing the

| i ne- t o- netikyslnagliegs, therating of bgiMOK g dR&Vrue fail (i.e., due to an

excessive voltage copdjli f:.suffh ¢l gn i . | s for

| mprovenment in circuit %rnegtﬁ&eirlg g@\ @r?btdg?;ﬂ%%bteg cl)?a]-rb%lﬁgl#l’r g%??gngr eakers.

SUMVARY OF‘viltie” | iVEENTWDR bEimig abiscommécsedofrom ke powsebiis) i wesiidlepolay svddi r ect ed
n_excessive voltage detection

to a circuit breaker, which enploys X
cirouit, St OLEREPligespoyEr weichy fien e linetotpiiralveliage mey ity O80T, such

as from t hgotvi,p &@fe%?%h&ish?%)i_h'e 1#18-18-nBANE M@Vﬁhﬂﬁgﬁ%ﬁcﬂiﬁbﬁa}cﬁltb el

;
neutral), rather than fromTine-to-neutra permts the trlg'e'éol enoi d
to bl ock dedhan etaesties valtage somdlitiomef sefiicjent tasitipmy and, also, to trip the

circuit breaker if sufficient.line-to-neutral vqltage of suitaple
duration is applied rc['ﬁéo%l?&@rdi"fprﬁ gL G‘Ké‘%d?{ﬁa(]‘&?p%@tmf‘m? {‘)’ﬁvent ion,

a cirqoit chegakenkgonprises a line 20 termnal adapted to receive a line
vol tage having a nomi nal voltage value and an excessive voltage value; a
| oad termnal; at |east one neutral termnal; separable contacts

el ectrically connected betw he b s " &nd the load termnal; an
oper ati ng nechani sm for ope 2ia R

: . . . At 11g - are -t ! Re~separ abl e contacts; and a
trip circuit coopeEmbbdichehstdT thd\srediR

_ i@fenfon IRGHARIAT bQidhit BrOREN t he
separabl e contacts, the trip 25 circuit conprising an el ectromagnefic
assenbl y Vhich amnlgysaan exeessive [voliegei degectiontdirceihaict ascdnt BBV f aross the

ener gyzat i.0n; L rst circuit .adapted.to detect.a trip conditio
as_soc;lgft eéd%lv}ttlﬁe{ elé%ré_ 55?%&580}&8%&8& the g s nPlégffBLg’i %QP‘?’%H‘%‘FQ‘F@’& t he
trip coil(ew,line driw@uirdlf) fathel thad fonANE-B-RAGAN I Jeried tRIAPEEENSiA tslet ect an
excessi ve val tage condition

- 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, |




associated with the load termnal and the at |east one neutggltp-tl% ) nal and
to 30 responsively energize the trip coil wth at |east the Hres_old

vol tage. Preferably, the excessive voltage condition is about tinmes to
about two tines the nom nal voltage value. 7 April 2006 -4 The nom nal

vol t age val ue may be about 110 VRns t0'about 120 Vps; the trip threshold
voltage of the trip coil may be about 60 Vas; the excessive voltage
condition may be about 208 Vxnas to about 240 Vps; and the second circuit
may have a thresholile yohiral folizeaaRietma36 33110 VoQ! @ebohiC1J0eppensi vel y
energize the trip coil 5 with a voltage greater than the threshold

vol tage. Wedtipdisssheld voliage of theytribesod mast bd aboxt 6@ Vuasitht orcesiveavdiagac. The

first cirgulf.: ' ul et lgn circuit and a silicaqgn
control | e'g&%éle% | F‘%Pghﬁ;‘}\?‘?%gg g}akb‘%koegio ?%%de RS> B&}gﬂﬁe‘*e‘fﬁﬁﬁt‘m&i‘é%&a&% circuit
to ener gi achrediold voltage @fiabout T30 BQHO Glokler GlickpoiBitelytBbtie: Be H85 L6

di ode, a zener 10 diode and a first resistor, with the

conbi nati on Of\[q?

seri es’ coRBfaioliaee geateniban thsdhreshold volizae: di ode and the first resistor
being electrically ' ] h I licon controlled
rectifier, and wt h?g@%gg%cﬁgxé@s@g* gérggl&tér@ng&gftggﬁ?tlg%%rﬁ%}da}cht er connect ed

bet ween the gate oTh¢ Hfiestsditcuitomnayg dndlodd hefluit eleteicfioe ciramd ablier Eiliedt
a circuit breaker conprises:

resistor. not h spect of the inventiqgn r

et LR T R R TRNCIC (M

| east oneuheil Alrhe S&ofth Wikt ThdySincRRABA HHE EABKAALS of Ofibdd Gty
connected between the first I'ine termnal and the first Toad term nal;
second sediadaidn Gshtesistos, witle tterseded tomidnativactfeht diedayelerzenthdiodeaand | i ne
termnal and.the second | qad.termnal; an ope in chani sm for . opening
and cl ositﬁﬁq‘frﬁtere?’is?%t eﬁ’ﬁd‘%’%@%ﬁ %‘E’ﬁ'ﬁ?tﬁﬁll’é P@J@hﬁat@’i‘ ;tggr?ghc&n_tcropg‘ﬂé‘?dr cuit 20
cooper at i j@gtiftér] dnd With 8 REIoRH rBGstHESHANLRBYibAIY fnthoRRESed Daweks 8l ARd second
separabl e . contacts, the trtg circuit conpri'sing an efectronagn I C
assenbl y ¢fribe siliemcontplledrectifignanddbe first sessstgond trip coil, a first circuit
adapted to detect a,trjn,conditi associ.ated w t. | east. one. of the
first and second se‘%%ﬁi{é@r‘%r DRG0t eé?l‘éenPBH’raeglﬁ‘c‘)‘HEP’{?gﬁ? ORFEFS dithe £ r st
and décorahdt sdcpnd dink Sterr@inaRe gltst 6hd GuddndaRagt @A Iat e&st dhe NEGRI[SI Ve

vol tage 25 condition associated with the first load terminal and the at
| east - ondCaigal; frst senagablgsontacts elecirically connected between the first line terminal

.and the first load terminal; second separable 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




and to responsively energize the first trip coil, and a thiggkgﬁggait
adapted to detect an excessive voltage condition associated\ﬂt the
second load termnal and the at |east "one neutral termnal and to

responsi vely energi ze the second trip coil. The second and third circuits
may be netal oxide varistors or sidace~ 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

t ri gger ed hiying AR shatd indl@tRRbID Wit e dhbdesWflthe fiRe RiRhes b@iﬁgfeiéc&lcaﬁjﬂd second

diodes 7 April 2006 -5 having an anode and a cathode, with~'the anodes of
the first connsdied t9eilelineeh olgnst inodd, | yith dheivethodes ©6 thie fseermdadibilessbeingde, with

t he catho of .the secqond,di odes bejn el. ri,cal l y conpnected.t.0 define a
second. nodleutieyh SRR PE SR K @oR s, BB he it ertes TR, Ste O
fourth nodehiaddode, fal foliith Aedeand & FPRCIIAY SlcYpeclibslyf ITHRtfikkt irip @l hayBY be 5
electrically connected between the first l'oad termnal and a first one of

t he t h? r delecirigally sornrgtet batweevothestirstrinadsteraingl and g @ist Pnergf thee third,
lectri t . d_| t.err.nal d
of “the ¢ nEgn°RRERh SEAR® MR hopdd 64 By el 8oy BnnBlEn BoSRETTS O

may be el drtsetqnl loyd tofiéiat e sdceld vhd bf the ttlivd, dowftead fifil@oddshiThd,at f our t h
and fifth nodes. The second circuit nay he electrically connected 10
bet ween t If@stane neytiel rpinabmay de alesingaly)nisrrenperied withia dird Qe afifbe t hird,

fourth ang;:f4 f &5fth hi ' [ I - L@l ect ed
bet ween tﬁ%lfdétfg%s%tﬂ &Ione E‘Qﬁﬁ alﬂlgt%F‘?#djngh@ﬁ?@ﬁggsﬁggﬁ%ﬂgn@ﬁgg&?ﬂe third,
f our t ) anbetivieért therao thast. onBRIchiFal DErSGRAIRRY @t fifst dhdboDRAMINGSodrth adf fifih

under st andi t.he, i.nventiqQn can.b ained fromthe faollow n
descripti%‘#égf %ﬁ@%%@#% Alksticalydenngcied helsern ee@r&%a&%&%w t he
accompanyfefind A 8 Sedold W 6Fthe Tl iurth 4r3 bl di agramin schematic

formof atrip circuit and an excessive voltage protection circuit for a
single-pole circuit breaker in accordance 20 with the present invention.

Figure 2 is a block di AR ~SGHe b%{’ﬁﬂé%ﬁmp circuit and two
oo d rar ¥ lJUI

excessive vol tage prot erreutts-rof R0 . ircuit breaker in
accorgance W th anophmil vaaaghdis bf Bk HRSHeH eSEBE ghin¥E BbinOfe following

description of the preferred embodiments when read in conjunction with the

accompanying drawings in which:
Figure 1 is a block diagram in schematic form of a trip 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,




Figure 3 is a block diagramin schematic formof a trip .cireugsiangsan 25
excessi ve voltage protection circuit for -a single-pole circuit breaker in
accordance w th an another enbodi nment of the present invention. Figure 4
is a block diagramin schematic formof a trip circuit and two excessive
vol tage protection circuits for a two-ole circuit breaker in accordance
with another enbodi nent of the present invention. 30 Figures 5-7 are
excessi ve voltage protection circuits for the trip circuits of Figures 1-4

I n accordance with ' r Miwergion. 7 April 2006
-6 DESCRI PTI ON OF MG LIRY R B@F%&n ton will be described
as applied to mini affke énventen suiltl be described es epplieditt nibiniatke pse-fapd twoe i n
residential, appljcations, It will, also becone evident . that the.jnyention
is appl i cBBlleé’p“l%l'Pt_ Prstippase B regipRe @P@i@&%srshi | AR ﬂﬁomo%%&eel ed 5 in
AC syst eMpp RS igbdrdindd aMHchBldSo Bﬂﬁﬂﬁ%@&bﬁ&r&ﬂ%@ﬁ& JBcRhgbeRake@f Pphases

¥
(e.g., one, two, three or nore); to lFarger or smaller circuit breakers,
such a% Bub@l sysktms epanting atrearcival fraguemist aitsk batkeg sny angbenobiphisge range
of ci rcuik breaker a Iicationi, such as, fo&r11 exa I.te r side‘%?i al ,
comer ci alé& P t¥Pallires; 9 efy:; to :lé'fgg’époﬁc%“,“ L GO RESAIRFE. SUE i t her
non- 1 i m t kileni@xade o8 TomBRidalAGrdugt: eakedsl And Qo hAPide 2dhhe BBl GbrotAEps)
operation at a w de range of frequencies (e.g., 50, 60, 120, 400 Hz) and
DC oper at frplicptéong, suglp agDdpr aaxemplss siepidentiake Compierjaly dndysiinle aireraff, -

single-pole circuit breaker 2,includes 3.t Lr eyl L, 00 @R[,
exceser verartiisdnt BERRS, “ap Mt S tihiing flupfit bodt ACXERI A0 g
recei up a1, meoy980-80® VICHAY ioperatio aina Mde gk afdreqabnttes(@.gd. 50, @put 110
15 120 VACRns) and an_excessjve voltage value (e.g., resulting froma

"l ost" neld® 4P0 Hearfl PCoweration e 2248 L oo posstids: about tines to about
i h i 8 i T j [ t. k 2
two times the nom ng]eﬁegﬁ% %:F%%Iﬂ.et E‘,e%‘ ﬁlé.%geﬁygﬁé L A96it bedaker 5‘?11‘9{1&&‘% hﬁ;e%er

al so includes a | oa or nbre neutral termn
(two are dhaming itaviniggatr exdessivSephagbpwtaton adiceit 88 Admedbmainali thilis y

wel T Knoviapted 1 Besiee e e 12 oy Bapaaraio tolies sabe (he. sbgtridfr e~ ' °
contapd s i VACgms) and an excessive voltage value (e.g,, resulting from a “lost” neutral
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 |




The circuit breaker trip circuit 4 cooperates with the operat '*;59192 gEchani sm
20 to trip open the separable contacts 18. The trip circuit Al}lnc udes an
el ectromagneti c assenbly, such as a solenoid 24 having a trip coil 26 with
atrip 25 threshold voltage for tripping. Afirst circuit, such as the
AFCUGFCI protection .circuit 28, is addpted to detect an are fault and/or
ground fault trip condition associated with the separable contacts 18 in
the power circuit between the lIine and |oad termnals 10,14, and to
responsi vel ! i . (] | - A ' t gh SCR
30, as is Gﬁ’éﬂﬁgﬁ%}%\?\}?ﬁ% %g%f)}r% 2?(%(3:%0& a%dg‘g‘%eﬂ"%‘ﬂ%‘dpf#@%i netéﬂ*lirl\l\%gﬁlﬁi’lg\%ﬁua second
circuit, whbirépohgvelhener@xceisstiy CoiV 26 trathent fuast the threshoki vollape tereofs adapt ed
to detect an excessive vol ta&gﬂ? April 2006 -7 conditio hgrou]gah tai p coil
26 associated with theheexgapinyembodiment ths parpigpkvalue alghe fige veltage 1

responsi v ze ' Qi | ] %a&tt vol t age
t her eof . ﬁ%\é{?cﬁ{g?g@gﬁw %&?%%%d?%sﬁp?e qugﬁﬂg%blr% va?%gﬁoéfd?{%g%bﬁg vol t age
12 i s5abat Vi avp thet excedsivetvoliafe vmsdititthis dbone20® My 0o tbas 240 e trip
coil 26 is about J% 60 VRW and the excessive voltage condition is about
208 VR\Vb t{be.afimut v340mek thesvalue. of the dbe woltiget i2)e For ereampdé,uié ther exchwsivei ne

vol tage 12 For exanpl.e, .if. the essi ve ol f age otectigon circuit 8 is
2N hav i Traseor orcigbisar Vst fiings twed Splid oran B0 Do R |
responsi vehy, eR&A9 f&%oﬂs'i\%h} EhdRaizd thedBipWolll@PwiRdl Adlfags lrg_ﬁ'&tt&rthz‘iﬂ"ﬂﬂ the

t hreshol d voltage of 60 Vas. 10 PreferaBIy, as shown in Figure 1, a

t ransi ent timeghtobtvoltage dE6@ ¥eys.such as the exenplary MOV 34, is electrically
connected between the Joad and neutral termnals 14, 16 1In.th npl ary

enbodﬁ!rent, the no -ﬁe;?ra@g* e’ f”r‘tlﬂﬁglfrﬁé’%ﬁa{’%&% pniﬁza%til%n %66%61?{' g‘lc%%VRrrs to
about 1204 exéﬂ%aﬁyhmmtﬁ“ishﬁéctﬂczﬂ@t eshneeletiagwedn e dedd 2&0 n¥trall n this

manner, the MOV 4l£rotects the circuit breaker 2 from 15 relatively
shorter dterainadhlsle.gbsthe pavraplant ambodipest, fisgpaninglowluepghe/line ¥pktage” ¢ he
excessi ve 4ol t Lof;ectj o L oMt 8 ' 1A Gigrigi

responsi véﬁt% ag&@llgtog\;@ﬁ/éol %r?g;ﬂerﬁgt}}r'%’{si %)é\d g%cesm \?’g voIa% léégéef?élﬁ&&eﬁfons
above aboubokIFOWRH. SIn THigtiaanet, SHROMOE Idvpropretsethei direuit tbréalken RefromO

including a trip circuit 42 and t excessi ve volta tectjon,circuits
44, 4615 Theslativeb;shorisr daretion awge andige Gansients above about 250" Vaws, while the

excessive voltage protection circuit 8 trips the circuit breaker 2 responsive to

relatively 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




20 first and second line termnals 48,50, first and second §g$915&ﬂpinals
52,54, and one or nore neutral termnals 56 (two are shown in*figure 2).
First separable contacts 58 are electrically connected between the first
line termnal 48 and the first load termnal 52. Simlarly, second
separabl e contacts 60 are eIectricaJIystonnected bet ween the second Iine
termnal 50 and the second |load term nal 54. An operating nmechani sm 62
opens 25 and cl oses the first and second separable contacts 58,60. The trip

circuit 4250,5‘4999&&@%&2@&%% ER80100 Gcdtiish Bnd 85 aad SPcBs 69,7Dr 10 sepl the
[ | e c% The

first and . second par a ntacts 58, 60. rip circuit 42 includes
an el ect r cimygihethe exassieatvbijageguotection cinulitethiisladptedhtavdatert anfexeesiveri p coi |

68 d d tr.l i| A first cCi it 0 AFCT/ I
o rourt 73ornge sondifoncbiaveh b o Gocasiiiipd Al Be Bt B HRHA Bne. o
bot h of t hgqfid futdNErmAReLsFaRPRatRhEvA RhaGHS tﬁgﬁ&@rﬁaon bg. pewpdctive

power circuits between the first l'ine and |oad term s 48,52 and second
| i ne ahd lcirauit,ithe wkeeasive Yoltgpeifrooidm ciguBoitsds adapicd o dabend GRSy eener gi ze
the first apd secaond trip .coils 68 7Q.A secand .ecirCuUi sive

vol t age prot &t &Q@P}%ﬁﬁgh segonq pact?glp%dgﬁsqCéﬁﬁgwglttﬁ%%ecé?(%Ié)g g it%éﬁl?%ol t age

condi ti on s4hha @ hdutrhStbrbinhlB &Ridlto E@pantrty alcegizytticRetdifd thpeil 700ad
termnal 52 and the neutral term'_naF_ 56 and to responsively energi ze the
first trip coil 68. Inthtiexemplagi embpeimenhcthexpamispl, valps| ¢fatlie BrGABEL i on

circuit 4 th‘ié%ﬁ ﬁ%%éeﬁ%é %elgcfag St %X&%Sﬁlievr@%)e fld pa8 t&?xﬂ%l& isg,ga,ti@r ough

second tri assocCl the secon oad termn and t he

neut r ab t abitrad V55 andodu® 12 YR sind eheythesnkeldivoliagedel the aipnebilsrG8pi70cisi | 70.
In the exenpl ary enbodi nent, the nom nal, val Be of the two ll}lﬁgﬁ Vyol t ages
bet ween t BBOW &0t Vrats- Fer erample.adypind xpessivedpliags canditionds pkpuiZh8 Vams2 54 i s

10 about 1 Qb %h :AROUL rk20YRBiou? e el 90K drtRk LBGRpRY it e {11 P

coils 68, exanple, a typical excessive voltage
condi t i on ekeessiboubdltap0 Protasiontdrcal ddtis 2 M0 VRmyingasrateskwnitaged of aomt 130

R TG A LT d e
Circuiy 44:urs RRRSHYShsRIE WEitZRSoft m\%%é.sqhb [difeukt Al opfeattM fnha ginvitirt age 15
greater than the threshold voltage of Vps. The circuit 46 operates in a
simlar mannerwigh the tiheoit 70.p 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 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'.




Preferably, as shown in Figure 2, transient protection deV| g%

the exenplary MOVs 74,76, are electrlcally connect ed bet ween He respectlve
load termnals 52,54 and the neutral terminal 56. In the exenplary

enbodi ment, with the 20 nomi nal valuq%gj the Iine vol tage bei ng about 110
Vxnas to about 120 Vas, the MOVs have a rated voltage of about 250
Vas. Figure 3 shows another trip circuit 28 and another excessive voltage
protection circuit 8 for a single-pole circuit breaker 2'. A line termnal
10" is adapted to Usdike\the dirduitbrexied tOAgEFibdre DNathe rGFEI pfbctiah citadive (e.g.,
about 110-120 VACs) 25 and an excessive voltage condition of 208 VRns to
240 VRS, 28ris eferetiged tosihe eairaldermiaplské While hesA ECYGRG! profasfinaRirast and a

neutral t | I ) ! nnect ed
t her et o. g@a&%f@%éﬂ@aéﬁ%%ﬁ% [e‘ﬁe eg%%’ﬂ%yﬁ/&%\é%ﬁég@vdﬁabe vvegh t he

| i ne ter nsoladoid @4' and tiipecdilo26l mﬁéﬁﬁm&i aldmilaAgnanferad khek borvdsporating
operating nechani sm (not shown) simlar to the operati nmechani,sm 20 of

Fi gure’ 1 eWS%b%Y&ltagﬁ@r%%@wr@% 8sMOY 31 RCR 3 &8@@1@89 angy il 29006 - 9
Unli ke t hgr Sienfet].! SOROSGE srfocled tyollE %}fﬂaﬁ%g BHOILG) bkl t 28

is reference o e neutr term na protectlon
circuit ﬁiimoslzﬁéferenced to the | oad term nal 14 Ghervm se, the MOV 8
MOV 34', SCR 30', olen 24' and trip cojl function in a5|mlar
Tanner &t he cor r BB 0SS 8 tmagele, iR kg 0t bk SR B, v

34, SCR 3 @l t‘%ﬂ)obgcegﬁv@'i}gltig['e' grofe@hbn 2cuitf 44148Ur Ghi .- cireER l§9akei‘ siot i ggered

by the GFCI protection circui to energize the trip coil 26'. Figure 4
showsl® tineluded Brst amdsecondlinateanindly 48], 5] finst angl secend lpad formiviats 52434, and t wo

excessi ve | t age,protectipn -circuits The. rcuit b r 40" 10
el udes 18 b RrBlEH el it & Bl Sor ot Sotnke Pl BRERR 1'oa

t er m nal sTie'sefetable candctd Sﬂe%re@écﬁ@[l?\c@%ec%@ btV e FirftSitlel BhmiRhiOt ai | 56"
el ectrically connected thereto First separable contacts 58 are

el ectricat wnéofhﬁeiéttsteépademml BRe fSimBarly,| sgeondeperarable cagacty 68’ affe fir st

| oad t 0;
020, THAReTR ool Yo BROSRE AR AR RS RE oS 10, oo
| oad 15 tierminalnl5454An ApeRfifg albd@ni¥ac (a6l shvenptsiaiiawsy the ﬁb}b@.ﬁuﬁgo t he

operatin
P gmechamsm 62 of Figure 2 opens and closes the first and second separable contacts

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




mechani sm 62 of Figure 2 opens and closes the first and seco %rﬁgg@gabl e
contacts 58 ,60'. The trip circuit 42' cooperates with the operating
mechanismto tri p open the first and second separabl e contacts 58',60'.
The trip circuit 42' includes an el ectjromagneti c assenbly, such as 20 .
sol enoid 66', having a first trip coil 68 and a second trip coil 70'. A
first c'ircuit such as GFCl circuit 72', is adapted to detect a trip
condition associated with one or both of the first and second separabl e
cont act s B8OVE(T4,7énareteleetricaHp eatriectedbetverendhe rupdctive et weenndlh 821347 st | i ne
and load terninals 48 52[ and second line and |load termnals 50',54", and
to respon@P@EFe;Peé‘H@]rtﬁ?%I@at ¥e first and second trip coils 68,70 A second

25 circuit, the exc%ﬁ'tﬁ(fcff&hf@%&%ﬁ&%@'mﬁaﬁﬁﬁbﬁecﬂﬂm eirdu®t ”@d%ﬂﬁeéd to
detect an excessive age condition through tirst trip coil

associ at egains ofi firstedibdasst0,32%H and sedond| digdds 86GHEP0, had resiticead cmré]'qﬁedal

56' and_to r energi ze the f Ip C 68 thir circuit,
Che extesSTRes bicioe pRoRet Fidect celiof aid » Bné ipesieity fs disbl e an
EXCeSSi Ve ThY ghbdtd &f BRIk didks 80/80ANrS Beeitfdally bdhnEOkd to/ @ find 2TRE @H@d with
the second load term nal 30 54' and the neutral termnal 56' and to

r esponsi'v&fyansiibe gathedes hé%@@@md diodeg 86858907ae electrieaiyesoanegied %?sde@n@vm in

Figure 2, .tran egtion.de h.as 2006
T8 Vovs 972RR nit 0B Zhe ke St iR B Bt I e PR Bt AR 5
terni nal s 16@and4 fifthaiode 1 0®, regettivlly.t B64E _})lé%e notR& 8Lk bpthe jisdtioh oft 2’
|ncIudes the GFCl fault detection circuit three pairs of first diodes

80, 821®4 thecrathode afidigile 8¢ sndte gBodroof dipde 8p. SThe fastiripsatl O8] s electrivallyct i i er
SCR) 92 t
(S 92 b 08 R iy S BAGinA 52 i g bl 96F I bl W LA L

define a ﬁﬂ'rlsteld&ﬁﬁaﬂy Quncared Hebeeahathb adesndabad kemsext St antd dd:emcﬁ@888 90 are

el ectrical. connec ed to define cond node 96.. The thre S
di odes al Lteﬂ‘i‘mad5ﬁo&f"eel§@“ %f Jiseppussigd Wli‘!)g] quofﬁ? node

102, resp I - fs¢10 t he
cat hode of&g %ﬁr&g& %‘ﬁgﬂ aﬁ%dﬁ w%gag%lb&‘%e tﬁgpt@&ﬁlrgﬁé%% 68" is
el ectl§ cahﬂ@thecmdnel@ﬂeﬂhcb‘élbvthmh cirhmt,fM(E\f 4b'o #deledricallyatonbctedbekwichie node

100, - the gecond trip qc%q é%be ectri cally connected between the second
| oad ter a'[’leugﬁl’“’”' B e A and the neutral terminal 56' is

el ectrically intercopagsddeb\hd QCR@ RUR iy chhifected 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' 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,




second circuit, MOV 44", is electrically connected between t;g}g@%ﬁg al
termnal 56' 15 and the node 100, and the third circuit, I's
electrically connected between the neutral term nal 56' and the node 98.
"The anode of the SCR 92 is electri cali connected to the node 96, and the
cat hode of the SCR 92 is electrically tonnected to the node 94. The SCR 92
is triggered by G-Cl circuit 72' to energize the first and second trip
coils 68,70 through 20 the di odes 80, 82, 84, 86, 88,90. Preferably, a MoV
104 is el greludinged digde b6 ackad ditde PIR; ahd B0 Wsis’fbr& 20, 822? PRs zdndr dibder to
provi de sur%e protection therefor. The M 44 6',_ solenoid 66 and
trip coilk éetecman eERFeEv O Folfage canditign pagd %ﬁ%&%&CRh@CB@ﬁ édpdhef ng

excessi v g i ion

o rout | EeAle RITHPRRCGH 94 5 iHirbd 89 the GREDAIIAE KOS AAGBA BrpEE D
exenpl ar y(e@(,cﬁESI/GECI/pfdtagﬁnmﬁmﬁleQBIo@ﬂﬁgl]ré tytd enerdizd thedfipRoil4dyg, 4fp are
shown,_ a wi,de range of alternative_ approaches y be errpl(gleg%lh% rder to

provi e stth26,phEieurs bl Bheysarigs sombmgtion Pﬁﬂ%,eo‘ihP by 1% zehry ni sm
when an %gﬁt?g'l%(ﬁsve\?éc{mﬁ%@y%fiﬂgéc{éd% bl P\Qﬁﬁﬂne@R?ﬂxﬁ{ﬁ?lﬂ% reki bﬁ#”i?zlf shows

an MoV 11 Imtation, having a rafed voltage of about 130
Vim . Fi genigg dectficallydweransedatbetdRer( the $CR gate hddiand their¢sattol20. havi ng a

rated vol tage of ahgut 210 . Vp),. which sidag js. . ag.sem onutor devi ce t hat
turns on to essentiald );:xgmg cmvw\/c# %é‘?f%?rst &e‘#'oez %Q SeERERs STV BT t age
condi ti ondvihtatoRs n SRS of bEih' Sbéttonid foss of’“ﬂédtﬂal %%&ﬁo%laﬂd“&h vap a diode
116, a zener diode 118, and two resistors 120, The zener ode 118

det edils aﬂ&@@re’@sﬁlm Thib pagatscibmhp saiq:noa&scﬁft,féﬁ%’ 66H0tbi@ckS@Rt1Vsludllglas SCR 30

of Figure The S ate 1 ri red by the,corr ond| faul t
Set ect | orvouAEs, fitEes matil St vk 'a, MRy atntPadRE S SHA RS 1o
ener gi ze rich@all MIOWVC&leh wigh 820 tukde i'éfgfeﬂhﬂcc 7.6 Fafthérirdie, %u&a trip BElesdids s

conbi nati on of the di ode 116, zener de 118 and resistor 120 i's
el ect ri cdtipyhe @ﬁﬁé&b@ﬁkm ita sufficéant Jinefio-nretraloriage ofisvifabie duraien it or 122

bei 19 ! SEbALEA hL LALENGONAPEL LI BELIRRGLAG, TRONE IZE Ak gy Tesi stor

120. The ry circul al's &f5nerein are

advarltSagethﬁtdmcyelenﬁs@ferdb@édmnéé éjending onlvoftage)f neutral protection and
i nproved 10 rge Qtection. Thi erm the tri | enqi d
I22P66Y2 4' 66 S;J ogbl ile ERg gq gagpgclhaqeg‘ﬁ‘ of 1}12 mvenhonlh%vg %een géSCISIde in

detail, it will be appreciated by those skilled in the art that various modifications and
alternatives to those details could be developed in light of the overall teachings of the
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.




vol tage surges during surge testing (e.g., allowng continuEng§§0@g 7 mm
line-to- neutral MOVs even with a 20 surge inpedance). Furt ePnore, such
trip solenoids trip the circuit breakers if a sufficient |ine-to-neutral
voltage of suitable duration is .applied to the circuit breaker (e.g.,
without linmitation, about 200 VRrs or ldore for 15 about one cycle to
several seconds depending on voltage). Wile specific enbodinents of the
i'nventi on have been described in detail, it will be appreciated by those
skilled i ptopvart that various nodifications and alternatives to those
details courd pe developed in light of the overall teachings of the

di scl osure. Accordidgly, A becyibredkeubempasingingénents di scl osed are neant to

be 20 illustrati I t limti to th f i ti whi ch
s 1o be given the full ToEAAIB HABR B fEeHEpRAGEL AR g Bl |
equi val enhgnﬁl{aﬁ,@l@gge VEI@%HIM%QQ&SM%%I%; 1. Acircuit breaker

conprising: a line term nal adapted to receive a line voltage having a
nom nal vol tage val ue and losd exoimeki ve vol tage value; a load terminal; at

| east one neutral term nag'ea%%glgr aq:laﬂeftecont cts electrically connected
between said |ine tern A4l 8 199 5er ni nal ; an operating mechani sm

for opening and cl osing sapaatsepantbiseelearitatl Tonddttbda bbtweln Clald Uink
cooperating wth said operating nechanismto trip open said separable

cont act s, tesming! and spidload demmiedinpri si ng an el ectromagnetic assenbly
including a trip coil hayj . I i i a first
circuit gdapt edp to det eé{x@%@xﬁ%&?éﬂ%ﬁs& %é%og‘g]gg%%rg({%lggﬁé%&g‘%@é%par abl e

cont act s esmdadtq anésponsi vely energize said trip coil with said |ine
vol tage, and a second circyit, adapted to detect  an excessive voltage
condi tion associ ated wi t A "WRFHCYIbeRprerting xath ssitorResMtEemeghaRism §HEP " neut r al

term nal 8 bRt f6ABNSINElK, BRFLA) feudUobhrhfioh i Udcuithidindllc deaally el d
' 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.




2. The circuit breaker of -Caim1l wherein said excessive vob%&ggz%ﬁpndition
is about tinmes to about two tinmes said nom nal voltage val ue. “3. e
circuit breaker of Claiml or 2 wherein said nomnal voltage value is
about 110 VRms to about 120 Vim wherein the threshold voltage of said
trip coil is about 60 VRw, wherein saild-excessive voltage condition is
about 208 Varas to about 240 Vas; and wherein said second circuit has a
threshold voltage of about 130 VRns, 'in order to responsively energize
said trip coil wthea volrhagRef BRAGT of bRAOnd et Preednk dlaval ARfein 4. The
circuit breaker of any one of the preceding clains, wherein sald at |east

one neut r altransient prafection dewize neelectticaltyeeorinacted betsieeiTbaid of leastione bewedter of
any one oftethe gﬁfce&ing cl ai rlns wherein said at | east one neutral
termnal i PUF 'PEIHM with at |east one neutral pigtail

el ectrical Iy connected t IS gihit Hrediek of CRARA wharcfh saRariicht piokeibgaker of
any one of the preceding clainms, wherein a transient protection device is

el ect ri cadfyiceismaeirbexidrvatiston having agatefl vqageonkich éugreatkr thae pbautaivo and sai d
| oad term:.nal ..:4.. The .citcuit, breaker of Claim6 wherein said transient
protection %tsjg\‘/llzcl:lgmll%aigda a8xi de varistor havi ng a rated vol tage which

is greater than abo8 tWohe tirditshredict oP @iy fiid oMk pREEdiNGLMAns, Svheldi® Ci rcuit
br eaker of ,(gny one, of, the preceding clains, wherein said second circuit is
a metal oXAdeccerd cuewtis agnetatipxide vaglgior: br eaker of any one of the clains 1

to 7, wherein said gsecop. GidfhladSofnd e dkfthel 617 GHbloiPlggker of

any one of the preceding al ns, erern- sai TSt circait includes a
faul t det scondoiraiirisaisidaand a silicon controlled rectifier having a gate
triggered by said fault detectiqQn circyit to energize said trip coil; and
wherein said second?@i re f’t‘”?%ﬁ’t‘i IQP%?%Ofébﬁﬁeﬁ%?%ﬂa%S!ﬁhef%e, a

cene, 0,28 By A0S IO I o, S AR Rt
connect ecdhdvingoagatel telggened by saiddfasit [detootion ohtwibld enkrgize said irip 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




rectifier, and with a second resistor being electrically‘inygﬁﬁg?6&§ted
between the gate of said silicon controlled rectifier and sal I'rst
resistor. 11. The circuit breaker of any one of the clains 1 to 9, wherein
said first circuit includes an are fault and ground fault detection
circuit, and a silicon controlled recidifier triggered by said arc fault
and ground fault detection circuit to energize said trip coil. 12. A
ci-rcuit--breaker conprising: first-and second line termnals; first and

second | oad term nals; : ré pnal: - f . bl e
contacts electrically coﬁér\té%gﬁg%h%gﬁ%gaﬁﬂl aV?11 %a?(?s é}g{l?%%l%%trmns‘lﬁﬁa nd said
first | oadopear saidafirst sedosudonk pepaible waticas tsaideltgg taitcait! tomprisiine cihed

bet ween sai,d. second line terminal and said_second Joad terninal; an
oper at i ng FEIOEHREETH %%SBIBB‘éfriP%&&&& bk &isgeqnd: Eip il @ rsogat

~separabl e £apla¢s ﬁﬁe&%ﬁtcﬁﬂﬁﬂﬁbn %&%@afe%ﬁaﬁ it Ghé Sg bdid ?ﬂ&%ﬁﬁ%&dﬁa W th

sai d operating nechanismto trip open sal I rst and second separabl e

cont act s, sspardblerdoptacisr and to cepgrivelnenagize shidcfirso mnd rsetdad aips evilsl v _
including a first trip cqil, a second trip coil, a.first circuj .adapt ed
to det ect §oorKd Greutibeied fo JeCeimneuassiye foithee chadfiop ssostedayiih seifst - and
second  Sepaf BRI Rerm@iH 86d $2idA1chR In8 TRORA! tUBliMaIORAY r&Pofdldly lehbrglzeand
second trip coils, a second circuit adapted to detect an excessjive vol tage
condi ti on skt tupengilnpndca gaidecirchitadaptedtoodetent an wavessive voliage conditioast one

neutral termnal,a t.9 responsi.vel.y .enerqgi.z said first trip coil, and a
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wi th sai d regeasidell eactelakaiiRadonamdp 511.d at | east one neutral term nal and

to responsively energl ze said second tr'itpgcoi |. 13. The circuit breaker of
r

Clai m 12 wherein saild- at Theagtcugnlreakss afr Glaime f 2vi wherein ssaidyat deast roae
t er m nal S'ne&éal t&ﬂﬁmﬁiié%ﬁwﬁfaﬁ%ﬁﬁﬁaﬁf Claim12 or 13 wherein said at | east

one
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




neutral termnal is a neutral terminal with at |east one neytyal phgt ail
electrically connected thereto. 15. The circuit breaker of any one of the
clains 12. to 14, wherein a first transient protection device is
electrically connected between said ai | east one neutral termnal and said
first load terminal; and wherein a se hd transi ent protection device is
electrically connected between said at |east one neutral termnal and said
second | oad terminal. 16. The circuit breaker of C aim 15 wherein said

- first andelsetioilty conhened ®niefipe alsedind QBdelamitcaid dre af diodéskdefiviaigl st ors.
17. The circuit breaker of any one of the clains 12 to 16, wherein at

| east oned 8rrdsngds, akwsthaodeand afifth node.cospestively; vhepain saig firddrip soil it or . 18.
The circuj i 105 - i | east
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any one ofoutthend fifihnmdds wirrdf saidkedoaidnrip 86il & dledtstallyi coankcted betivettes a

faul t detgﬁiion ircuit, three pairs_of first, and second _djodes, and a
silicon c# seaond doad trminad and 4, sepgnd ong Rfcreid thirds feithe andh difih podes
triggere i t I i i 1 : LG T and
-second d?‘gg%rg %agq/?ﬁ%%n&gn%g{eﬁgﬁgﬁ?%ggﬂ%cé?(g%aﬁl& ltﬁ%%t%ngg%%%hgtg do said first
di odes bedomegofesapd third; dbirth awd fifibcioelds;t whealeihisaie secbnd sircuiptbeclectii¢dbiyt he

t hodes of sai ond .di bei ng. 7 j 1. 2006.:15 el i.call
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first trip coil is electrically connected between said first |oad term nal
and a fi rwid anleashfons aevtralitemainal dndigaichsexnod pid ofisaid dieisd, fainth endh figthi d second
trip coil_jis electrically connected between said second |oad term nal and

a second I%?ﬁl«‘fi\s‘of said third, fourth and fifth nodes; wherein said at | east

one neutral term nalg.i s Edeagichit Gadakdr dMLELAOHNES CRENM 2 b B8, bibefeth one of
said third, fourth and fifth nodes; wherein said second circuit is

el ect ri cadridfirscdirmidadudas e grewnl fault detgetiancirshitand ardlicongiontelladi nal and said
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circuit is ele y €O ween  sai one neutral
term nal secshdstipdotecond one of said third, fourth and fifth




FIG 1

nodes. 20. The circuit breaker of any one of the claims 12 yndfi.oopkerein

said first circuit includes a ground fault detection circuit, and a silicon
controlled rectifier triggered by saigground fault detection circuit to
energi ze said first and second trip coils. 7 April 2006 -16 CIRCU T
BREAKER FOR DETECTI NG AN EXCESSI VE VOLTAGE AND TRI PPI NG RESPONSI VE THERETO
ABSTRACT 5 A circuit breaker (2,40) includes a line term nal adapted to
receive a line voltage having a nom nal voltage value and an excessive

vol t age val ue, ClRCUEHN BREAKER EFOR(DETEZ TG ADMEXCESSBIRVOEMAGE term nal s
(16,56), and separabl e NIDIRIBPING&ESPISIVE EHERBET@ | y connect ed bet ween
the line and load termnals. An operating mnechanism (20,62) opens and

cl oses the separable contacts. Atrip circuit (4,42) 10 cooperates with the
operating nmechanismto trip open tABSIBAMLEDl e contacts. The trip circuit

i ncl udes a sol enoid 6 havi Ihip Ccoj.l with t hreshol d .vol t age for
ener gi gati on, a ci ré%n%?mtlghmﬁr (ggggt‘%’&“‘feé %h{]% et‘ménr?fgﬁ@t?d; {ec%l?’e&r ound
fault tri pinec@ftdgd h&ingathohindl 6BRARS Ak ingNer Sicéive®itapé Ralas) 4 1dadb, 68, 70)

with the |line vol tage, and a MOV adapted todetect an excessive voltage
condi t i on teBYRRli (Afed. 5.t anet G acuts] Aaninela (] 656), andi spsrablamentagts

responsi Vel g/sEBey dedficif}Codnhbded Bhivelh ik fhe bRl Wiikindll" R GPothelt' t 208

mechanism (20,62) opens and closes the separable contacts, A trip‘ circuit (4,42)
10 cooperates with the operating mechanism to trip open the separable contacts. The trip
circuit includes a solenoid (24,66) baving a Atn'p coil with a threshold volfage for
energization, a circuit (28,72) adapted to detect an arc fault or ground fault trip
condition and fo responsively energize the trip coil (26,68,70) with the line voltage,
and a MOV adapted to-detect an excessive voltage condition associated with the load
15 and neutral terminals and to responsively energize'the trip coil with at least the
threshold voltage.

FIG. 1




