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The operating %R@ﬂrjé‘m fﬁﬁﬁ%ﬁ%WﬁH éhw E”HiNVi G

Dot e has an apert AR ROVERT PRYDT. IS, CONMECTIANS cofeu

ure w

portion. The operating nmechanismfurther includes a pivot pin disposed

wi thin the hoysing._ The pivot is insertable through the |arger cutout

portion and-: |§EQB%P@QB QEJ@WVENT@NOU'[ portion. 1 .CVO 01/16987 1 15

March 2004 PREELBPEF Gﬁ.ﬁ | NTERRUPTER W TH CRADLE HAVI NG AN

| MPROVED PI VOT PI' N CON ym&mND OF THE I NVENTI ON FI ELD OF THE

| NVENTI ON' The pres'Eh& plesertinventionrelatte Sirutinterubterd bEREMAY Sh HBF@ra' 'y
of circuit Intérrupters having a

gpgdl et ﬁatsp*’gfégmgé rﬁg"i!‘%??@ *tﬁh gfé gﬁ'ﬁ'tﬂfﬂbﬁeﬁ‘ghé‘ﬁ%@mf@ﬂle thelSoRIteT o\ OF

" THE PRI OR AR’Rthdﬂdoﬂ@ﬁ-@pmgf@érgudﬁ eakers and Interrupters are well known
I'n the art as exenplified by U S. Patent No. 4,503, 408 issued March. 5,

1985, to Menna et
: DESCRIPTION OF THE PRIOR ART

Molded case circuit breakers and interrupters are well known in the art as
exemplified by U.S. Patent No. 4,503,408 issued March 5, 1985, to Mrenna et |
. al,,and U.S. Patent 5,910,760 issued June 8, 1999 to Malingowski, et al., each

of which is assigned to the assignee of the present application and moorporated
: herein by reference.

Circuit interrupters typlcally Include an operating mechanism struciure,

- sometimes termed a “cradie”, that is disposed in the interrupter housing and

- which rotates from a first position to a second position in the event of a tripping

operation. A pivot pin is rotatably disbosed In the housing and through the
cradle in order to provide for such cradle rotation.

' In the prior art, it is known to weld the cradle pivot pin to the cradle. itis

’ also-knowntospin(iike a screw) or stake (forcibly press) the pivot pin to the
- cradle. Unfortunately, these prior art methods do not enable the pivet pin to be
heat treated for strength. This Is because such a treatment, applled before the
pivot pin is connected to the cradle, would make the pin too susceptlb!e fo
damage during a welding, spinning, or staking process, each of which requires
- alarge amount of force and/or stress to be applied to the pin. In addition, the
‘ prior'art methods do not enable the cradie to rotate if the pivot pin somehow



at, and U S. Patent 5,910, 760 issued June 8, 1999 to Malingowski, et al.,
each of which is assigned to the assignee of the present ap, %IlcaFﬂﬁQ and
incorporated herein by reference. Circuit Interrupters typi aM?>9 PHEF ude
an operating nmechani smstructure, sonetines ternmed a "cradle”, that is

di sposed in the interrupter housing and which rotates froma first
position to a second position in the event of a tripping operation. A
pivot pin is rotatably disposed in the qousing and through the cradle in
order to provide for such cradle rotation. In the prior art, it is known to

vel d the gihddll P bditHot Plofhtd.0 ?G@h&fn@pé ei:he Endrsart rﬁ%ﬁ%dgmof SNt | ke a

screw or stake (forcibly press) the
Unf or t unaP¥phpin apgs@disrtp be capveniently st SE@ﬂ lo¢ aBpagsineeeties. pi vot. pin to be

heat treated fgry&hg eﬁ@te{i‘ivaﬂ_t%@odss tbeC %ﬁ]é@ éi&%ﬂ?%nn@&pg' fidotref ore

the pivot pin is connected he cra

suscept i bPiB 0o Qiaﬁﬁg@aHWWgS%ﬂ @é@ld?rﬂje rymtnmnn@ berhest éﬂaal‘r@ pﬂb@@s}ld each
of which £684k HAGantagddiis Hes RARUM ?@m d to
the pin. In adc?l t?%ﬁg thg%%rl or yaﬁabfrlrégﬁe o%’gt%ée%g ﬁ?e crad @ to

rotate ifNetheans] venabisch tenmeivel niB Nar b ﬂ@@ﬂseznmemdﬁomndh@anﬁﬁdte riot &t e.

Fur t her nogghvehiBRt fASHIGH. art methods do not enable the pivot pin and cradle
to be conveniently disassenbl ed after connection. It would be advant ageous
if a way existed to effectively connect a pivot pinto a cradle that would

still enaghmMAreY BRALE RIVELNPIdIe heat treated. It would also be

advant ageous if such a way enabled the cradle to rotate even if the pivot
pin did not, &Rl REReSItellvVeMienppiayidepi A eitculeintiramisre sk ouestsoall tafether adl e
in a conmq&gnhﬁvgéhb% SUMVARY COF THE | NVENTI ON The present invention
provides a circuit interrupter that neets all of the above-identified
needs. In accordance with an aspect of the invention, there is provided a

circuit int errnua&c%rdawyecmtﬁ%mrdsﬁ@& Sintf%o‘?rﬁv%hhé}ﬂ iﬁ%Fé‘?é‘rp?SQldéH & Eﬁ&f‘tec" ed

with separable main contacts within a housing, said tin ani sm
i ncl udi ngMerepiey| whiely coppriges @§ oneraling chhglﬁisrpo@tqrcweﬁ@daw@w@n@rapl@t| on

in the ev@ah dhtatd WithRaHbugiRg! sHid Bﬁeraﬁlzej FheChA R .ndnmdw cn%ﬂle%ﬁf&té{hﬁ with
a smal | er_cutouyt portion adjacent to and opening into a larg :
from a first position to a second potion in the event of a tripping operatlon sald cradle
having an aperture with a smaller cutout portion adjacent to and opening into a larger
cutout portion, along with a pivot pin, also disposed within the housing, which has a
cross-sectional diameter sized to enable said pin to be inserted through said larger

cutout portion and slid into seated engagement with said smaller cutout portion.

This and other objects and advantages of the present invention will
become apparent from a reading of the following description of the preferred
embodiment taken in connection with the attached drawings.




cutout portion, along with a pivot pin, also disposed within the housing,
whi ch has a cross-sectional dianmeter sized to enable said HiSergrgh%M
inserted through said larger cutout portion and slid into seate

engagenent with said smaller cutout portion. This and other objects and
advant ages of the present invention will becone apparent from a readi ng of
the follow ng description of the preferred enbodinent taken in connection
with the attached drawi ngs. 15 March 2694 2a BRI EF DESCRI PTI ON OF THE

DRAW NGS Figure 1 is an orthogonal view of a nolded case circuit breaker
enbodyi ng the present invention. Figure 2 is an expl oded view of the base
and coverpRiEFtEesCRIFENON OF THE BRANWGcef Figure 1. 15 March 2004 WO

01/ 16987 PCT/ 1nD0/ 01219 3 Figure 3 is side elevational view of an internal
portion of the circuit interrupter of Figure 1. Figure 4 is an orthogonal
view of the intiggmal 1 pRr taPnsrigohBe GekCWit a I NbIBEH URESE @fcil AtbSiet

wi t hout the base and cover. Figure 5 is an orthogonal view o? an i nternal
portion dMRlyingithe preseniinvatieipt er of Figure 1 including the operating
mechani sm Fi gtig&eb J Ss 2asi d8ISdRY AlidWwnal - thBabhdd! A DERKERMRY Mf@W of
the operating nechanismof the circuit Interrupter of Figure 1 wth the
cont act s iBEHUPISEChEEWES!- in the OFF disposition. Figure 7 is a side

el evational, partially broken away view of the operating nechanismwth
the contacts.and the handle in the ON disposition. Figure 8 is a side

el evational, partially broken away view of the operating nechanismwth
the contacts and the handle in the TRI PPED di sposition. Figure 9 is a side
el evational, partially broken away view of the operating mechani smduring a
resetting operation. Figure 10A is an orthogonal view of the trip bar
assenbly of the trip nechanismof the circuit interrupter of Figure 1.




Figure 10B is another orthogonal view of the trip bar assenbly of Figure
10A. Figure 10C is another orthogonal view of the trip bar qgﬂ\gnbl é &{/
Figure | OA‘\§88 GP% the groove therein. Figure 10D Is an or %rth PO4i ew
of the torsion sigi' g of the trip bar assenbly shown in FPGEABI00IZIA
Figure is an orthogonal view the trip 3ar assenbly of Figure 1 CAwith the
spring of Figure 10D attached. Figure 10F is another orthogonal view of the
trip bar assenbly and SBri g, of Figure 10E. Figure 11 is an orthogonal
view of a latch used | QUEbRnECSdDlGatinnahyien phan fetehatipamiar of Hie wircgi t

interrupter of Fir@e@btdr oftt 12 is an orthogonal view of the sideplate
assenbly, cradle, latch, a grreﬁr'i p bar assenbly of an internal portion of

the circuit |nterruptiiguss 4FAscan erthogdrial Miew hof B8 4indeh4) 1) / of thef circuit
PCT/ 1 BOO 01219 4, Ei 1S | gded vi ew of the internal portion of
the circuit i ntA'gr't:érﬁ‘g{tgrr%‘%‘d\'ﬁa'?wﬁﬁ‘&gg%gﬂ? apdggver. 14 is an orthogonal ,
partial |y broken awayFigligwsofi tch, and t he, :
E S éﬁ‘%rﬂi&@%ﬁﬁmi&v OP%:EIVW%EPSOHEPQQ& elg;rpggtan

trip bar assenbly of the circuit intérrupter o igure 1
ort hogonal , par t f¥8TYPies of Figure\laipchading the opeeatingsmectzmisn i nt er nal porti on

of the circuit interr Y Ludi e, puskh -trip actyator of the trip
mechani sm Fi gure 1GAH%'%asnfso%%'ﬁ%Sgéggﬁ%l'é?ﬁ'ﬁqﬁyt ek Mt View of fheaeperatiog
shown in Fi gur emesharfiéng of theléi@ult interaitbest RIGurRo0RRRtheVdoRk RS hd'he hz?ndt.

VI ew

push-to-trip_actmﬁo ﬁwn gﬂn Figure 15. Figure 17 1s an orthogona
of the button of"'the Pust*Re¥M-p actuator shown in Figure 15. Figure 18A

of the oiroult interriater of o eubtorel, ity Bleh Moy ot b onsietion
view of the aut dﬁﬁ@h@@mmﬂthgbg@mtapts and the handle in the ON disposition.
Figure 8 is a side elevational, partially broken away view of the operating
- mechanism with the contacts and the handle in the TRIPPED disposition.
Figure 9 is a side elevational, partially broken away view of the operaﬂng
mechanism during a resetting operation. _
" Figure 10A is an orthogonal view of the trip bar assembly of the trip
mechanism of the circuit interrupter of Figure 1.
Figure 10B is another orthogonal view of the trip bar assembly of Figure
10A. |
Figure 10C is another orthogonal view of the trip bar assembly of Figure
10A showing the groove therein.
Figure 10D is an orthogonal view of the torsion spring of the trip bar
assembly shown in Figure 10A.

Figure TOE TS an orthogonal view the trip bar assembly of Figure 10A with
the spring of Figure 10D attached. -

Figure 10F is another orthogonal view of the trip bar assembly and spring
of Figure 10E.

Figure 11 is an orthogonal view of a latch used in connection with the trip
mechanism of the circuit interrupter of Figure 1.

Figure 12 is an orthogonal view of the sideplate assembly, cradle, latch,
and trip bar assembly of an internal portion of the circuit interrupter of Figure 1.



shown in Figure 18A. Figure 18C is an orthogonal view of the automatic trip
assenbly shown in Figure 18A show ng the initial positioni g érelﬁzﬁta Its
armature. Fi g\%re 19A is an orthogonal view of the nagnetic 9 G 13
automatic trYB%&&8hbly shown in Figure 18A. Figure 19B i CaBtdme19

ort hogonal view of the nmagnetic yoke of4 the automatic trip assenbly shown
In Figure 18A. Figure 20 is an orthogonal view of the binetal of the
automatic trip assenbly shown in Figure 18A. Figure 21 is an orthogonal

view of the armature &igurbeldis anaexplodéd Fieva®s an®| iNtePR VWhrtion [ e..18A.
Figure 22A is an .lg‘)trEt ho%onﬁll Vi, eiy, of the | oad term nal of V\ftjbheﬂ%udtfgmrr%t?lmi p
asserbly shown i N ETYBELSHEXN EFigYFe 1228 i s anot her orthogonal view of the

| oad term nal of the ' j ' iqure, 18A. 15 March
2004 WD 01/ 16987 PCT/F?S’E%?‘;_WL%" %&rlﬁqgﬁ?g%g@iaﬂB@ﬁ%?@%gﬁ%?ﬁhﬁéﬂgﬁ%ﬁmwt

broken away vi ewb§iwesnthpdaieh and theetripdiar @ssemblytos theugitcart irﬂérrEﬂ)t@HbﬁFi%ure1
showi ng the grooves ip-\MJé Q.Stz%e Ir(‘)ad t erm nal 05( the automatic trfp =~ -
assembly is inserted. B gu? ISp ol %ﬂ?”@ftpﬁﬁeﬁhaﬁf{ BRAWEX Ve ofithe basaany ani ew
simlar to Figurdtéal oh BHtHeSrchi ' nal. J rte

pdrti ch #ftemiiptBr hﬁlﬁdlnglfiﬁe hﬁél‘i‘&d‘ﬁ’lp %&ﬁiﬁp';e?ﬁbﬁt or

Figure 25 is a sitde el evational view of the base the circul
of Figure 1 show%mﬁﬁ W8&Per ed sides thereof. Figure 26 is an orthogonal,

partially broken awayfuevi8A i e lrcuit interrupter of
Figure 1 show ng_an abit?t rrenteﬁ\vl\élalgﬁ @ﬁ‘é@aggfn‘f%‘;c}tosf tlﬁ%guw};&cgkr{peactup Ehewnrinnal
of Figure 24. Fi§iguse 3. is another orthogonal view of the cover and

abutment wal |l shown | i e 26. Figure 28A is an orthogonal view of
anot her embodi ment of #@ng %Ea olheri githoopRalview of e nushitertimecitaton shown
automatic trip abs€ighteyi®f the trip mechanismof the circuit interrupter.

Figure 17 is an orthogonal view of the button of the push-to-trip éctuator
shown in Figure 18.

Figure 18A is an orthogonal view of the automatic trip assembly of the trip
_mechanism of the circuit interrupter of Figure 1.

Figure 18B is another orthogonal view of the automaiic trip assembly
shown in Figure 18A,

Figure 18C is an orthogonal view of the automatic trip assembiy shown
In Figure 18A showing the initial positioning step of its armature.

Figure 19A is an orthogonal view of the magnetic yoke of the automatic
trip assembly shown in Figure 18A. -

Figure 19B is another orthogonal view of the magnetic yoke of the
automatic trip assembly shown in Figure 18A.

Figure 20 is an orthogonal view of the bimetal of the automatic trip
assembly shown in Figure 18A. '

Figure 21 is an orthogonal view of the armature of the automatic trip
assembly shown in Figure 18A. '

Figure 22A is an orthogonal view of the load terminal of the automatic trip
assembly shown in Figure 18A. |

Figure 22B is another orthogonal view of the load terminal of the
automatic trip assembly shown in Figure 18A.



Figure 28B |Is anot her orthogonal view of the alternative enbodi nent of the
| oad term nal shown in Figure 28A. Figure 28C is another ort%&gonﬁl %Jeew of
the alternative enbodiment of the |oad terminal show ng the ufiyé &f of
the connect o¥PB¥YPHn. Figure 29 is an orthogonal view of PO®IBI0I1219
self-retaining collar used in connectison wth the line and | oad termnals
of the circuit interrupter of Figure 1. Figure 30A Is a side elevational
view of the cradle of the operating nechanismof the circuit interrupter.

Figure 30B |s an ort hbigare23 is amotiiogdnal, pagiiie bﬁ;}kégtavﬁgyr\,gaj{ of %ﬁﬁgﬁﬁhgg
'S

mechani smof the_gircujt interrupter shown in Figure I gure
t

ort hogonal vi ew SfCYtHBtETMRErOf Flausa] Showing the espevestinvdrchiheHaad tsmbialigre
circuit int errupﬂﬁrambg,\éﬂctﬁb-gé'wtgy %#Bgér%qe 32 is an orthogonal view of
y 0

t he cam housing of the crossbar asse t he operating mechanism 15
March 2004 WO 01/ 1698gURCH ispOQMbEasalApdFigllyrizoidsh dwayevish SRniRir &Y BigLANSS -

ially brok ' ' | . ti f th t
Pﬁ[ telr ?up%/er r ghgk@éﬁﬁﬂéﬁﬁgﬁﬁ ‘gﬂﬁé@egh%w&@ﬁ@é?é@%~ Oasse(rarbf:;/,r Cgllnd crossbar
assermbly with associ aFigdres2® é@ﬂb@évatiEhﬁWigw%ﬁﬁé ﬁ?@oﬂ%%ﬁg@gﬂtgwr |O];1

t he handl e of thefﬁ&?ra i ng . mechanismof the circurt 1nterr

Figure 1. Figure® 'ies%ﬁh%wiﬂﬂﬂéﬁ?éﬂpﬁfﬁd)ﬁidﬁsmamnfof the handl e of Figure

34A.  Fi 34C | ' the handl e of_ Fi 34A.
Figure 34D Is an unda eaire e apopna belaRlobRenAgar weuitheaterer v | <

an orthogonal vi@guiintenupterofdigure 1i shewiref art AButRRAE wal (hat céﬁ&&émésiﬁb?&ecf he
circuit i nterru%g# t‘%ﬁ'@w ifg. Fi %ére 1. Figure 36 is an exploded, partially
br oken away vi ew 0 _ S Efgur fal e, and handle slider of the circuit
interrupter of Figur&igurePUW 8nathet Srt Rage rfi roken y
view simlar toﬁgi ﬂur,gﬁﬁgﬁshow ng theﬁg%%}g%erren{aﬁlct#e %érh%lndd%BEW%'ﬁ “(ﬁga

handl e slider a 26. Fi gure 38 is another orthogonal view of the

handl e of Figure S4Arsigel 28h i BF SHHBGYRS Vigk M hodn U rebSainael of the foad
terminal that may be implemented in the automatic trip assembly of the irip
mech_anism of the circuit interrupter.

Figure 28B is another orthogonal view of the alternative embodiment of
the load terminat shown in Figure 28A.

Figure 28C is another orthogonal view of the alternative embodiment of
the load terminal showing the underside of the connector portion.

Figure 29 is an orthogonal view of the self-retaining collar used in
connection with the line and load terminals of the circuit interrupter of Figure 1.

Figure 30A Is a side elevational view of the cradle of the operating
mechanism of the circuit interrupter. '

Figure 30B is an orthogonal view of the cradle pivot pin of the operating
mechanism of the circuit interrupter shown in Figure 1.

Figure 31 is an orthogonal view of the handle assembly of the operating
mechanism of the circuit interrupter shown in Figure 1.

Figure 32 is an orthogonal view of the cam housing of the crossbar
assembly of the operating mechanism,



Figure 39 is an exploded, profile view of the base and the cover of the
circuit interrupter of Figure 1. Figure 40 is a cross-secti l, V] f the
cover secured to the base, taken along the |ine 40-40 of Fﬁ%ﬂ\d%mﬁ%@?gure
41 is an orthvgerwbsvi ew of the attaching device used to see¢wigkiae cover
to the base. Figure 42 Is an expl oded 4 ew of the cover and the base of the
circuit interrupter of Figure 1 and the support nenbers thereof. Figure 43
is an overhead view of the base showing the slots and grooves therein

associ ated with the sPigpes 83 aBReSIERIVAI, Bafiafl -awA Ribs 2
ort hogonal vi ew of ,onegof t he support rren%e?g_ gh%&%%ﬁna@%%\goigp "I'HleHlfﬂe
44B is an over heROMONeQf e tqisuit Upisorupterestiowing hihen handiBi gssemblg4Aideblute

Ma h2004V\001§$§§§g' / A J Fi 5A i th |
Vi re\fv of the ot heé supp%’r% :ng%é@;%%ﬁb%&'ﬁﬁlﬁ%%éﬁﬁé?éﬂl %G%@G%B ?gogﬁot her
orthogonal view of t heigGep3an! isTamberthsdena view &f G hahaf OF::tﬂHrgpé}ggq#S

| s

an over head vi ewg\%f t he s%pgorl menber shown in Figure 45A gure
an orthogonal Vi chanismety & ErgidntenupterahopdriniFigiyedt the circuit

interrupter of Figurerjgussum L b b N fhe . It ers.
Figure 47A is an ort hqgonal V_F%aw Io? e?ﬁ%hggﬁlwéé(}tggﬂh&%q?%BEE‘HHE&”?%n with
tPereI f-r it ai EI ng cdflgﬁlfe_ HC tsfw}]dtﬁlemr:fmgphaariewquthteh?ﬂlcglﬁ@'r l;.g:curé Q?A.upt ﬁr
of Figure 1. i gure | of her . or onal . view e defl ector shown
in Figure 47A Fi gur'ﬁa@? %ﬁ%@%‘ﬂ'ﬂ%@%ﬁgﬁﬂwe&mhqn@e PhEigurBB440r ti ons of
the circuit I nterrurRigureods i arrdthbgohiihvith éfedndis 6% ' Y.
Figure 49 is anot heqﬂ Qr t hggonal vi_ewgsi mlar to Figure %g u ﬁ@?sﬁ%@ﬁ?ng
the positioni ng PP elEqult infegyptersbows infFigieloded vi ew of the base
and cover of the Cir Qigdre 36 is an exploded, partially broken away view of the cover, handle,
and handle slider of the circuit interrupter of Figure 1. '
Figure 37 is an orthogonal, partially broken away view similar to Figure 36
showing the engagement of the handle with the handie slider and the cover.
_ Figqre 38 is another orthogonal view of the handle of Figure 34A showing
the grooves for the handie slider.
. Figure 39 is an exploded, profile view of the base and the cover of the
circuit interrupter of Figure 1. '
Figure 40 is a cross-sectional view of the cover secured to the base,
taken along the line 40-40 of Figure 1.
Figure 41 is an orthogonal view of the attaching device used to secure the
cover to the base. '

Figure 42 is an explod'ed view of the cover and the base of the circuit

interrupter of Figure 1 and the support members thereof.

Figure 43 is an overhead view of the base showing the slots and grooves
therein_ associated with the support members shown in Figure 42.

Figure 44A is an orthogonal view of one of the support members shown
in Figure 42,

Figure 44B is an overhead view of the support member shown in Figure
44A,



interrupter of Figure | again show ng the positioning of the deflector.
Figure 51 is an orthogonal view of a lug assenbly that may i nt ed
with the circuit interrupter of Figure |I and the |lug Insul a’?grmarggéﬁ@rat ed
therewi th. FiWoip¥163® i s an orthogonal view of the |ug |nsubpgt@sosigwn I n
Figure 51. Figure 53 Is an orthogonal 7view of the |lug assenbly and ‘| ug
insulator of Figure 51 in an assenbled state. Figure 54 is an orthogonal
view of the circuit interrupter of Figure 1 with the lug assenbly and | ug

I | at ttached. OF I rch 2004
WD 01/ 16087 PCTI L BO0TOTAT0 & oy 6P r o e ey o e SHEEEhARI et sfipwa i

and 2 in particu gure 4%own is a nol ded case circuit breaker 10. Circuit
breaker 10 includes azRase : ically intercannected with a cover 14
to forma circuit brgizll g'r%?]ou'ssl é@oﬁﬁ%@%gf BrYW SHdl siippotlenembgn show imr e
provi ded i n coveFigure 484. accepting screws or other attaching devices 128
that enter correspondﬂ..n& h%s or oReni ngs 18 in base 12 for fastening
cover 14 to base 12. HBYE 1S JThever ea@wwofﬁ%gmanﬁ/memrsmwnmmgue@d
for internal accgss to circuit breaker 10, as described in greater detail
bel ow. At the interface between base 12 and cover. 14 are small openings 21
for venting purposes,Flgéreddsisrarbenthagongt Watvesf thelbtise hnd teral SQHi%he(‘%ffthe

i ncl udes a handl i rou ich protrudes a handle 24 (Figure
1) that Is used ‘?Wﬂgﬁﬁ%ﬂ@%ﬁPhﬁgprﬂﬁﬁﬁgwsqgolﬂmﬁpwg o Hashsupnertmembersie
contacts of circuit [Figake7AlS spatitHoRohSSRiw 6f the P@%‘e%' it 1s
in atripped stabe. Eiandl e 24 may z;ilbgg provi de alr?elhtre] Pca |JH°§B“¥\¢}%§%¢%t us
of circuit break8f SEHTGHREIRG Gokarof hisling termivel otthecircaitinterurepoi®igured t h a
| egend (not shown) oOmFGQ¥esr ﬂl@my | 22 wWhich clear]y.
| ndi cat es whet her ci rc%?t gr%%ker i 'S n?@gﬁ%%lﬂ}e g%ﬂ)*ﬁ‘%"%@%@act s
open), or TR PPEFA.contacts open due to, for exanple, an overcurrent
condition). Cover 14 ifel udes..a rectangul openi 23 (Figure 2
hrough whi ch pr ot r udets 455 BB EHBR0B8TeY o therRemalroriersushine ceduit
interrupter of Figure 1 without the arc extinguisher assembly. '
' Flgl_:re 49 is another orthogonat view similar to Figure 48 but also showing
the positioning of the deflector. i
Figurc-; 50 is an exploded view of the base and cover of the circuit
interrupter of Figure 1 again showing the positioning of the deflector. |
Figure 51 Is an orthogonal view of a lug assembly that may be
implemented with the circuit interrupter of Figure 1 and the lug insulator
assoclated therewith.
Figure 52 is an orthogonal view of the lug insulator shown In Figure 51.
Figure 53 is an orthogonal view of the lug assembly and lug insulator of

Figure 51 in an assembled state.

Figure 54 is an orthogonal view of the circuit interrupter of Figure 1 with
the lug assembly and lug Insulator attached.

DESCRIPTION OF THE PREFERRED EMBODIMENT



actuator, the details of which are described bel ow. Al so shown is a |oad
conductor opening 26 in base 12 that shields and protects a1!3%%l§)g(§jdg nal
(not shown). Although circuit breaker 10 is depicted as a single- Se
circuit bredk@#l/i6tdie present invention is not limted to scogleepnase
operation. Referring nowto Figure 3, & longitudinal section of a side
el evation, partially broken away and partially In phantom of circuit
breaker 10 I's shown having a load terminal 28 and a line term nal 29.

There is shown a pl asReferdngnae te ey diaiviiyschranbigure3Ot 88RNH BaRGy
notor assenbly 32 and,an arc ,extingui sher assenbly 34. Al sg sho%n%’sélh%t"va{‘

contact assenmbl ySFMORd GsE CUCHk braaken A Q’IﬁCQ%P"%ﬁ%‘GT’ AOdndlydesecbase $2n 40.
Referring again ' i ' ' shgws .a side
ol evat i onal vi oumo RS [raShect it 8 ool A orf il S e ioHse 15
March 2004 WO 01496 6BiesCr OpRAINGSIOL(Figurb @) ard frovitbddn ceverlty fos beteptRigo"

assenbly 32 is s Lhcl udi ng a e te upper slot nmptor assenDly 32A
and a separate Igc\%é@sgﬂ?g#h Pﬁlﬂgsdggﬁﬁ%&géﬁat q?}g%'e‘?ongsﬁt)"%ﬁ@d%enbl y
32A includes an opgingsi®in PAIOT2 fRIEABRNY BLSI D

14 hy InC Le
stacked si de- by-Fi de, U-shaped upper sl ot "not or assga#gwyé'pﬁglteggollg’.hﬁh
Sinilarly, |ower’eSfdbrayghsevastbmse pradded fonintemebaccessie ciralibreakénto,

larly. o 4eh 5pves Lorsse p ek acodsoleciralithroa
acsendl y plat e Fconrketih YRS AE BLBRE S IR i Rendgms B

material . Arc exgovegdidsite smadiopenings2 foneéntthgspurposass as Meb el Wgtfrgééttﬁr arc

chute pl ates e RROERAG ey iuncline s haolle Casniasen hrauahehish rrptrudes y
skill in the arahahdie Z(PRIUren) Bati Gt N\CitiveRE6n A rio ﬁ'énhglﬁo
receive and di ssi&gztie electrical arcs that are created upon separation of
the contacts of OR&fkand ¢lese thayeenirets of Rssuit brealemtOandtdieget erchjt tebaler | S

Shown contact asioufipy Rlxite SR othR alEps BATHLS pEMER AR kaiBB Y g
t hereon a novabliestatusof cisdyit tradker 10swaercby ity positibract haid®e 34 caHBESGHdSND
thereon a stati Wit ¥ 1égiahbt ér’i%wn) on cover 14 near handle opening 22 which clearly |
indicates whether circuit breaker 10 is ON (contacts closed), OFF (contacts
open), or TRIPPED (contacts open due to, for example, an overcurrent
condition). Cover 14 also includes a rectangular opening 23 (Figure 2)
through which protrudes a top portion 25A of a button for a push-to-trip
actuator, the details of which are described below. Also shown is a load
conductor opening 26 in base 12 that shields and protects a load terminal
(not shown). Ailthough circuit breaker 10 is depicted as a single-phase circuit
breaker, the present invention is not iimited to single-phase operation.

Referring now to Figure 3, a longitudinal section of a side elevation,
pa;tially broken_ away and partially in phantom, of circuit breaker 10 is shown
having a load terminal 28 and a line terminal 29. There is shown a plasma
arc acceleration chamber 30 comprising a slot motor assembly 32 and an arc
extinguisher assembly 34. Also shown Is a contact assembly 38, an
operating mechanism 38, and a trip mechanism 40, .

Referring again to Figure 3, and now also to Figure 4 which shows a
side elevational view of the internal workings of circuit breaker 10 without



Stationary contact arm54 is electrically connected to line term nal 29
and, as discussed bel ow, novable contact arm50 is electri C'%l'\lﬂ%mﬁ?% cted
to load termnal 28. Also shown is a crossbar assenbly 60 whic rses
the width ofweorwmesst breaker 10 and is rotatably di sposedpeg @fioislber nal
portion of base 12 (not shown). Actuatsion of operating nechanism38, in a
manner described in detail bel ow, causes crossbar assenbly 60 and novabl e
contact arm50 to rotate into or out of a disposition which places novabl e

contact 52 into besed ar!dfcc@ledﬁ.métir’hbt@'ﬁaQéerﬁbl?@Zrib%ﬁbwﬁ%’%tiﬁélb'égiﬁé aMth
fixed contact 56, Crossbar ssenbly 60 includés a novabl e contact cam

housi ng 62 I n whiPERATLE HPRSY otogapsarakly Si2A any a peparate lotvermslothiotocont act

arm50 is rotat aBkyerflbgRREEA. r | nces, novabl e contact
arm50 rotates in %e;li glgn, W %pp#%r@é@f ?gérlergélgf%g@ﬁﬁﬂg%szé%gpﬂ%’uﬁﬁ@ow is
rotated cl ockwi s@&sgamblynoueing 41 withiniwddcHareasthiara Q(ﬂe-ﬁg%idﬂ M%a@g?%gm
38. However, it "%t[“%éje not%iy%S Mar.ch_ 2004 WO 01/ 16937 PCT/ | B : 10
t hat novabl e con%ac T RSEMRYY Plates ‘{?o Fiitariy, lower aiohmotoriasspmibldegndent | y
of the rotati oninefudesasipRer spS FRNMY 18 Wiy whi [Lal

dynam c, electro-magnetic si ?ﬁat [ on%%sgﬁn?ya@?ﬁ%%gjétﬁrnavrﬂrlrl\gg%?%ﬁ cP%‘{' ate
upwardly about PAGHRY-gHa lavensietanctonassemblyplates 44, Platbs 4R anEU4CabBARRS -

This is referre%ﬁﬁﬂ?%&%%‘é&g’%%&?%gﬁrat ion, and is described in greater

detail below. Conti gure 5 and again to Figure 3,

operating mechani smAR éingbisher asqeestiy B4 tndREdaan 5 Hatd ﬁaﬁl(g@H{cﬁ Iy
and functionall ej{%ilar to that shown and described in Unite at es
Patent No. 4, 503 eRfFaledspacad-anan gensrallynaraliel angulaty affsetzan chiset ed

States Patent Splafd 458nd 8AURBer HtSulinerlAHP. Agﬂhgwﬂité Sbg%g éﬁ:ﬁﬁr&ggﬁgﬁ h are

incorporated herein by reference. Operating nmechanism
handl e arm or hARHAL the Bneliey of arqexdinguishedassenitdy 84 és RAbcelgecpdf | gur ed

i Pk 76, and an Seapa/eIbBREd drifatals afeit wibh ateton e FRoasisel .
toggle link 74 heteircuibbraakee. Lower toggle link 76 is pivotally.
[Tk pivor pin 80, arSeag T ke cahabin Borerthogenebiowiaf apdntemay ded
i's a cradle pivdqlorflomoBeirouit srbakst 102 Frite g/ sbteh contact assembly 36 comprising
a movable contact arm 50 supporting thereon a movable contact 82,and a
stationary contact arm 54 supporting thereon a stationary contact 56. '
Stationary contact arm 54 is electrically connected to line terminal 29 and, as
discussed below, movable contact arm 50 is electrically connected to load .
terminal 28. -Also shown is a crossbar assembly 60 which traverses the width
of circuit breaker 10 and is rotatably disposed on an internal portion of base
12 (not shown). Actuation of operating mechanism 38, in é manner described

in detail below, causes crossbar assembly 60 and movable contact arm 50 to
rotate into or out of a disposition which places movable contact 52 into or out
of a disposition of electrical continuity with fixed contact 56. Crossbar
assembly 60 includes a movable contact cam housing 62 in which is disposed
-a pivot pin 64 upon which movable contact arm 50 is rotatably disposed.

- Under normal circumstances, movable contact arm 50 rotates in unison with
the rotation of housing 62 as housing 62 is rotated clockwise or counter-
clockwise by action of operating mechanism 38. However, it is to be noted



rotatably di sposed between parallel, spaced apart operating nmechani sm
support nenbers or sideplates 84. Cradle 72 |Is free to rotat1%6{\évxrﬁ' Fﬁgp Y
limts) via cradle pivot pin 82. Also provided is a. handle ge @
roller 86 whiwhoi/s9s7di sposed in and supported by handl e assefhgosiofQsi N Such
a manner as to make nechanical contactipsith (roll against) arcuate
portions of a back region 87 of cradle 72 during a "resetting" operation
of circuit breaker 10 as is described below. A main stop bar 88 is

| ateral | y di sposttht beiveBRIcGitsqR i i ey byt ro th
count er-cl ockw s% novenent of craﬂg\t??g%&gﬁgg}?ﬁg@@ﬁm@ fﬁf’%%}e@yyé’ﬁ
el evation of - t hatheg@fatiopiof sreasbiar asserabip6010n ppeticulacuhaertaksdgisafied Wi th

operati ng nmechanj 3 for the F i sposition of . circuit breaker

o eont Sere g bREtadch Ml Hs, it bl BEDPP G 1okate upwapdisi ti on.

An internedi ate abautpia® pirs64 bader the ihﬂt&ncb%‘fﬁfbﬁ%ﬁgﬁéﬂé@&gy‘ﬁ% 4 1t abuts
of ¢

hard agai nst a Io?er%cg{)rti, n 92 of a latch cutout Teglon Padl e 72.
A pair of side- bFPETeR0AS OPSHpPReration arg! ivdeserittaioin grexted 48 Bélow.

PCT/ 1 B0O0/ 01219 11 sprg : Ln -Unjted. States Patent
No. 4,503,408 is di sp@gg‘y' et @Q@f@%g’ %’%’r?ﬂﬁ%ﬁ%%@@%@&bl y 70
“and the Lnterrredﬂ"&@'@anwm@@: i shbwlh. Operttimg me&ﬁgréig}lngsgig@gﬁugﬁg%@ dese )
springs has at t Q. l.oa ver portion 92 of cradle agal nst the
i ntermedi ate | af@.ﬂ%?é"ﬁ"?'%é%ﬂé%a@@@i gssrbadhinidnited States Baient Nat ch 90
I's prevented fro®b03408 idsued Mardl 5 ' analh P i
t ensi on, because bh 8éheru end thesreélgfgsit%w?iéﬁg%efﬁ' Q'SEF g@'gégété}g%’gg%rﬁbl e
trip bar assembl3 1@6 fssued yupe & 4998 nbath distipsuges ofashich aeslincorpopateddet ai |
bel ow, trip bar ) S [¢ng- DI L Rt he counter-cl ockw se
rotational di recﬁgﬁr@g%rekgﬁc%'hgélgﬁt@ n@%&%%gsm gp(?ﬁ"%'.sesrﬁif?"d &sanhar
standard | at ch diangisyasasmbly 30r(donmected tochamits 24), arsonfigudd gisteloriirafiker 10
Hate o

B Gire 7 oper g EBREH T Bl i g s i
Contact Wi th agh ot hor | hereny ey orirk3 et pie MK P4 it BEISEET Coq'
terminal 28 to '°ﬁ‘@f1t%9£3‘ﬁ n@f 7945 pivatally intercopnegind sith upper @ggts BioB4 by on,
handl'e 24, and WidisofldniAtihedidte ttifle RACPNG AR B BhY wih crédshar assembly

60 at pivot pin 64. Provided is a cradle pivot pin 82 which is laterally and

rotatably disposed between parallel, spaced apart operating mechanism

support members or sideplates 84. Cradle 72 is free to rotate {within limits)

via cradle pivot pin 82. Also provided is a handle assembly roller 86 which is

disposed in and supported by handle assembly 70 in such a manner as to

make mechanical contact with (roll against) arcuate portions of a back region

87 of cradle 72 during a “resetting” operation of circuit breaker 10 as is

described below. A main stop bar 88 is laterally disposed between sideplates
84, and provides a limit to the counter-clockwise movement of cradle 72.
Referring now to Figure 6, an-elevation of that part of circuit breaker 10
particular associated with operating mechanism 38 is shown for the OFF
disposition of circuit breaker 10. Contacts 52 and 56 are shown in the
disconnected or open disposition. An intermediate latch 980 is shown in its
latched position wherein it abuts hard against a lower portion 92 of a latch
cutout region 94 of cradle 72. A palr of side-by-side aligned compression



rotated in a counter-clockwi se direction (to the left) thus causing the

I nternmedi ate toggle link pivot pin 80 to be influenced by t i
springs (not shown) attached thereto and to the top of hangl%eﬁggéﬁgﬁ@?y 70.

The influenc®O@#1®%%e tension springs causes upper toggle kihkpobshiasd | oner
toggle link 76 to assunme the positionijghown in Figure 7 which causes the-
pivotal interconnection wi.th crossbar assenbly 60 at pivot point 64 to
rotate crossbhar assenbly 60 in the counter-clockw se direction. This

rotation of crosshengs (] ; rmb5 [otate
in the counter- clockw se direction and ultimately Torc bt &t 52
| beings @os SHAWN) Qﬁh%@@%ﬂ{mmﬂea Sctgt?atsaf%teﬁ}dg]% x$ @6\@696

into a pressuriz&FPosedbeean thpden portionwf hbndisatssomalyy7e:and ﬁ@inﬁé@ bitatd S
to be noted that g?éjh gigot i i Itat ched internedi ate latc @8 as

i nfl uenced by tr i@ nechani snéﬁ@ erPRg h ?épaﬂ%‘ijh@s 8 tenslamcyitto opd
mechani sm 38 is iivekpofiam Sthef crRlePRERY4IhRRPS itbMbciiteGh ofidh) F;%ﬁt?e%%%rs}o'

The TRI PPED di spﬁsiti.gn |§ rel ated (except when a manuat
operation is perfGPREHON §3owe Fioyey -|B@hc%blsﬁme\amtadufrommﬂlﬂcl@iﬁ?@rétﬂequ,

circuit breaker nhetwithdeRd; : h,2004 01/ 16987

PCT/ 1 BOO 01219 12 or mgn@%@%%ﬁ?ﬁg %@e"'d#é%%%@%% ert%d\é\ﬁﬁ?@ﬁéﬁﬁm ino to
the magni tude of PleRe by@uotatablefttipbanasseabip 400 b & measkitiR402GaRd | ine
conduct or 29. Th& chani sm 40 is described in detail

Lon aqf tri
bel ow. For pur pos%%%ﬁéﬁh%E? 38%9@%’@3@ acassambly 186ds springebinsed irthe
magni t ude exceedcounter-clpciadssd i e Lo hani, sm 40
Lo rotate trip bar asaonoly Caoar R ehatine maHRRIHE IR 86 Fhs
bi asi ng assenbl y'si%sfal'?dﬁfﬁe%wftg@mﬁméQuﬂddn)allaﬁnpoaitmlsfdf eguinbreaRedi at e

| atch 90. This %ﬁt : . s, cradl.e whi ch had been
held In place atmléowerﬂ%o‘raﬂ%ﬁﬁégghi}gsﬁgbgﬂﬁﬁuﬁ CF%‘?)Jé?’S’QM) and enabl es
it to be rotat ﬁd ;:Olﬁﬁfemnglnmktd Bigurent esperditing mébf:y@-ﬂgg (ﬁgf;sghgw;r}g?ﬁh% .
springs (not s - ting betyween the top of handle asse an
The ot er madi at Nt BEaEE o o ikscsmasitan, egnicsts S oed 66 t he
t o] neate closad ' twithi : ] .

poardly Lo (hus cauee  Cramoa o ek othen ST SIBCE LR ey

upwardly to thu carse crosshar assenbly 60 to
rotation of crodSBAroAieHRnR] 28 tplinaietminah29) b andes éo achicvmthef ONDvabl e

contact arm 50, diﬁﬁitltioh[‘ﬁaﬁdle‘%, and thus fixedly attached handie assembly 70, are
rotated in a counter-clockwise direction (to the left) thus causing the
intermediate toggle link pivot pin 80 to be influenced by the tension springs
(not shown) attached thereto and to the top of handle assembly 70. The
influence of the tension springs causes upper toggle link 74 and lower toggle
link 76 to assume the position shown in Figure 7 which causes the pivotal
interconnection with crossbar assembly 60 at pivot point 64 to rotate crossbar
assembly 60 in the counter-clockwise direction. This rotation of crossbar

assembly 60 causes movable contact arm 50 to rotate in the counter-
clockwise direction and ultimately force movable contact 52 into a pressurized
abutted disposition with stationary contact 56. It is to be noted that cradle 72
remains latched by intermediate latch 90 as influenced by trip mechanism 40.
Referring now to Figure 8, operating mechanism 38 is shown for the
TRIPPED disposition of circuit breaker 10. The TRIPPED disposition is
related (except when a manual tripping operation is performed, és described
below) to an automatic opening of circuit breaker 10 caused by the thermally



separation of contacts 52 and 56. The above sequence of events results In
handl e 24 being placed Into an internedi ate di sposition bet V){Eg\@ i%}\goﬁF
di sposition gfi shown in Figure 6) and its ON disposition (a

Figure 7). @16387t hi s TRI PPED di sposition, circuit breakerim@oran not
again achieve the ON disposition (contlacts 52 and 56 closed) until it is
first "reset" via a resetting operation which is described In detail

bel ow. Referring nowto Figure 9, operating nechanism 38 is shown duri ng

the resetting opef@magoetiafly tiduetd rdadiopalelip ﬂr@scffﬁ'rh@momértﬁewrglg‘ﬁ GEBr Rl
I s exenplified by a forceful nove ? ndle

52 d 56
24 ?(r)] t he ﬁgﬁlt l‘gé)n%r?lﬂwwgc FWRRN Ladyeenductas?B ad line conducioplag Thper at i on
has occurred aso S6id gﬂng{% ni¥nh Bo |§3Q§&fbeﬁ3n Eb% b%[:‘-"%sﬁ?f handle 24 is

t hus nmoved, handl e assenb moves correspon P HERRA%e

assenbly rol | er h&e cicumstencasraushiasva nadbmeient wijh Qﬂnﬁjm@sfie‘"e&é@écﬁng % This
n 82 and

tact f | k t dl t
Coainst the.t ensisReteRmEduRidsRoR i chise HinfeRhanim 406 rolebrpdarct veen
the t f handl assEmbifat o v
b the {ntormeds ate Laagl oot Rl R ITE g RAd bt BRI Tl o3
of latch cutout ‘P& B8RP %gteafbiﬂcﬁowdr@wallﬁeﬂuptﬂmedmm latclﬂﬁi Dihis

internedi ate | at agkbulre ch 90 to
rotate to the Il'g{f]?@%ogra-ﬁﬁﬁg cou@gs cf%cgggzéh’ﬂt?ﬁr}g@%e@ﬁ) "tﬂ’{ﬁ?e ghe

bott om portion tleweepsrtion §2af éxtch outautiregiors H4) wg\iauléﬁt iEE)d lséﬁhh{%g Wi t\fllmt rip
bar assenbl 19 ner cri in re detai el ow. hen en
the force aéal n&ouh{éﬁg?oecm% @ﬂdef}%gglg@ncq]gg@lpée@orp s@rings(nobshaven)l ef t
over a smal | an@mﬂeaactmg%m@éﬁthe t6p 6% hAAdle AR mBWf 2 Cﬁ%dg{e m.h%g%g cut out

region 94 to forceful % abut agai nst |nterrre |ate S now
abutted at its I'39¥¢ igkaivabeindl The resulting caﬁspsﬂawhemgglé:arraugémbmeaker 10

is then in the Gahséd sReEHik! r and nIe 24 may then
be noved counter-cl ocEvvl s%l @go?%%éﬁiflfw acfgi '{WF@G 4Sfon .
depi cted in Fi g§Fasshar asselmly Sﬂhe slmlarlyl rotate aThiBTGRITBA bf E@s@&rcﬁs%bﬁbﬁl? )
until contacts %ﬁ &P% ﬁl SEESI ti n of forceful electrical
contact with eac \is rmo PN '@&Oﬂm arrg §Rdiesusingdn Al |
exists, a tri pplsagamtmn af cmtastscziz &d 56 ﬂ'ﬁb%o@é‘ Selfstoe! dtedents resuits in
handle 24 being placed into an intermediate disposition between its OFF
disposition (as shown in Figure 6) and its ON disposition (as shown in Figure
7). Once in this TRIPPED disposition, circuit breaker 10 can not again
achieve the ON disposition (contacts 52 and 56 closed) until it is first “reset”
via a resetting operation which is described in detail below.

Referring now to Figure 9, operating mechanism 38 is shown during

!.h.exese#ingteperaﬁeﬁeﬁeircuitJoreakeﬂﬁ.——T’rﬁs*occurswhire'h‘ontacts 52
and 56 remain open, and is exemplified by a forceful movement of handle 24
to the right (or in a clockwise direction) after a tripping operation has oceurred
as described above with respect to Figure 8. As handle 24 is thus moved,
handle assembly 70 moves correspondingly, causing handle assembly roller
86 to make contact with back region 87 of cradle 72. This contact forces
cradle 72 to rotate clockwise about cradle pivot pin 82 and against the tension
of the springs (not shown) that are located between the top of handle



above with respect to Figure 8 nay again take place causing contacts 52 and

56 to again open. Referring again to Figures 3, 4, and 5, u tor
assenbly 32A and | ower slot notor assenbly 32B are structuﬁgﬁkﬁeilréljég‘gm{m

functional |y DHi/ke@87 to that described in United States PateRtorifd0, 760
and plates 42 and 44 thereof forman esgentially closed el ectro-magnetic
path in the viscinity of contacts 52 and 56. At the beginning of a contact
openi ng operation, electrical current continues-to-flow in novabl e contact

arm 50 and t hr ougissamblyel®atd treshteredite tigett MK MESDHITO0! A% S

g,(ﬁ ﬁ nqﬁ and 56.
This current induces a nalgr};iltic field Intothe clos magneti c p&%
provi ded by upperpoﬁ?%ﬁ%%c’ iertoytaagion B4atuds agaiost the pepesawt oreA@bf

assenbly 32A andj i YO Thi .respectively. This
magnetic field el'ﬂétgpﬁ%ﬂg!geﬂéttcu caI'IT)-/hllé ﬁ?@@%’f@%%{nﬁerm%g?q;tg;(atg%goitg refatshton
manner as to accé’ﬂ%leé&(el’imcmw\telr-relnckwitemdtdrﬁSOQI@étttﬁébo&Bmpigﬁérptﬁegff
opening directi orpot\gt%esr by .contacts ,Sénatrjcg, 56 are nore rapidly separ .
The hi gher the maghi Jgéaygﬁp?sﬁ@"e?féﬁ pEeRIngowith kiptbariasaemblyl80yin ah 2004 WO
01/ 16987 PCT/ | BO®4thet deddtibied i Rutail t mgnet i ¢

i nteraction and 523%{%%5 S{eg’uhgézi?:;%aé'tgsﬁ;@zWQE’S‘%’?’E@S&E -agginst haggle

hi gh current (an nN2R@Adrtrotatys ta the lefabearen smalt aAgulaF MékdRgnt he

bl ow open operat | ; ' : ., Wi c novabl e contact arm 50

For cef ul 1y ot at Saue i SRR B BBt satiBrad € apiwlsbebagaiosts 52

and 56, this rot intemoredistefatch Bdaﬂﬂﬂ@l&nﬁov@ﬁb@ﬁ@ﬁahgqowg,séméyi g&n Bryﬁz

bl ow- open oper at |a§€ Il%l %Bﬁ%and described In United State Ba eBt .

3, 815, 059 i ssued@ITHELY 1999 fdrcuit breglier 1Rds themdn thenOFFdispositibrishiowminby

reference, and pFiRjuréles i and 56 .t han can
PFigurélesarmd ﬁﬂgm%ﬁwﬂ%ﬁ R mBled lﬁ&t-égﬁlgﬁg?&? tg

normal Iy occur as the resul a tripping operation ?'?fpi p
mechani sm 40 as H¥&Hs BedObistispesitioncdenicted iroRiguie N (Witut ehéBlatdHing Onnect i on

w th the above-d | |on, .crassh assenbly 60 and, in
particul ar, cam ﬁ@ﬁéﬁﬁg‘ggj ari&gﬁ?%éc)@mi #‘gfﬂaﬁﬁ 58@5@@- giedniadispesition of o

t hat descri bed | foreafitk alecttaltcoatast iR ca6A otHet, HoWevief, W &1 overcurrent

' condition still exists, a tripping operation such as depicted and described

aboye with respect to Figure 8 may again take place causing contacts 52 and
- 56-to again open.

Referring again to Figures 3, 4, and 5, upper slot motor assembly 32A
and lower slot motor assembly 32B are structurally and functionally similar to
that described in United States Patent 5,910,760 and plates 42 and 44
thereof form an essentially closed electro-magnetic path in the viscinity of
contacts 52 and 56. At the beginning of a contact opening operation,

electrical-current-continues-to-flow immovable contact afm 50 and through an
electrical arc created between contacts 52 and 56. This current induces a
magnetic field into the closed magnetic loop provided by upper plates 42 and
lower plates 44 of upper slot motor assembly 32A and lower slot motor
assembly 32B, respectively. This magnetic field electromagnetically interacts
with the current in such a manner as to accelerate the movement of movable
contact arm 50 in the opening direction whereby contacts 52 and 56 are more
rapidly separated. The higher the magnitude of the electrical current flowing



cam housing 62 includes a spring-loaded camfollower (not shown) which,
when a bl ow open opeation has occurred, |atches novabl e cont I n
its bl own-open disposition. Referring now to Figures 10A, 1(;%%61@52%(?th
10E, and 10F,W@huwms7 s integrally nolded trip bar assenbl %cd8RuoRf2bri P
mechani sm 40. Assenbly 190 Includes aigrip shaft 192 to which Is connected
a thermal trip bar or paddle 194, a magnetic trip bar or paddle 196, and a
manual trip bar 198, the function of each of which is described in detail

bel ow. Assenbly .Me(:dre.Qheisﬂ@h@éﬁﬁe@ﬂaéﬁﬁt%ﬁ@%ﬁ%ﬁ@ﬁ dn?ittﬁg m&%%&{%&e 2

havi ng a protrusbgn or_stepped- up regfon a cuto Gintacts
st epped- down- r egPoRNIEH saRakate. farvanchigheanent (smeoveonarenit Gofditidd)i theshaf t

ci rount er ence. ¢ hararPbrRRESs bRliddihe BR-oBen bpefatonissontbnl Ahoyen which 1994
on the undersi demevablei qonidu farm B0¥otdeddil] ' ' | ,nto
shaft 192. Asserrg 1t90qmal 0 imcl uges ay?gfdstleﬁﬁp‘gﬁﬁgﬁ%‘gf%@w@ﬂgm I n

Fi gure 10D, havi Rg AR eél99&%%8%86&5%imgrcetﬁtl@hbeiagmdemndemfoem:baezc. As
shown i n Fi gur esasddm | | o aropnd rch 2004 WO
01/ 16987 PCTIIB é&v&%ﬁigt ?‘a’f;%%r'éeﬂr@ %?e?r?{r"?'b}%#‘%g‘{" q@{:’eﬁgewﬁy hited a:j ly
seated within gr nt Nob AbBAssiedune, /Y2, k68 j tioned at
end 199A of grgol Oringlc"ate%%'g .end leEOZB of prein%g 202 ingggpgg%}ﬁo t he .
cavity. G oove 1é§ gried hereid by 5e F?Fcepagatpﬂ'%‘ﬂ 25 farjeraspaationmt eoatdcts

di sl odgnent t her&énd 66tham e ndARallyl dbcar ab ted Fésruﬁfeﬁrf%'}‘g[?@h%%@g@ﬁ;ei n

spring 202 is approxijmgtely .018 inches in dianet

approxi mately . qrzf\ltgaéy tﬁﬁ mgchanisan 40 ssslesktibed abgve inabhnbetidregitisieep.
Referring now t cFifiygg.e 11, shown is intermediate [atch 90. Latch 90

I ncludes a main nenber 206 having ends 207 which are bent towards each
other and in which are formed hol es or openings 208. Extending from nmain
menber 206 is an uppd® cPARRHiopNith the abbyestascrbed blow-bpére bparatisnh, Wlogskar t he

latch portions hsambly 6@ ah4YinYartidthar L9 h%%%%goéf are si,tpucttur}gllyeér?dnpl any
functionally similar to that described in United States 5,910,760. In particular,
cam housing 62 includes a spring-loaded cam follower (not shown) which,

when a blow-open opeation has occurred, latches movable contact arm 50 in
- its blown-open disposition.

Referring now to Figures 10A, 10B, 10C, 10D, 10E, and 10F, shown is
integrally molded trip bar assembly 190 of trip mechanism 40. Assembly 190
includes a trip shaft 192 to which is connected a thermal trip bar or paddie
194, g magnetic trip bar or paddle 196, and a manual trip bar 198, the
function of each of which is described in detail below. Assembly 190 also-

includes an intermediate latch interface 200 having a protrusion or stepped-
up region 201 and a cutout region or stepped-down region 203 with a surface
203A. .Near one end of trip shaft 192 is a channel or groove 189 that partially
extends around the circumference thereof, As shown in Figure 10C, groove
199 has an end 199A on the underside of trip shaft 192 that defines a cavity
extending into shaft 192, Assembly 190 also includes a torsion spring 202, as
shown in Figure 10D, having an elbow 202A defining an end 202B, and an
end 202C. As shown in Figures 10E and 10F, spring 202 is wound around



enbodi nent. Lower latch portion 212 includes a protruding region 213 with a
bottom surface 213A, and a cutout region 214. Referring nomqg“a&nﬁgoéagures
12, 13, and 14, shown is trip bar assenbly 190 in conjunction W't

portion of tWOPHtE¥hal workings of circuit breaker 10. Tricpasdhaiie 192 is
shown | aterally di sposed between paral ligl sideplates 84 of the sideplate
assenbly, with its ends positioned wthin holes or openings 216. This

di sposition provides a pivot area about which trip bar assenbly 190 can

rotate. This rot #tdan oftrip8BhhMaDLeshd® | ieonal. | v bi ases
assenbly 190 in éﬂf count_gr-cl ockw se i‘récg’i%c?%%ﬂh@?h gg %v\ﬂe?\{%gs) éib°¥v
i nt er nedi at e- | at €#2A6F &p1iNg203 isishowni posifieaed af epd 199Al aftgeoald 193] ivaposRe

bet ween si depl at 31T .0f latch are mated with

correspondi ng ci ??u girr s‘g@&eﬂﬁ“é‘%@g@wﬁbﬁgﬁ&tyz@Pw g&%@?ﬁ"&?& peaperly -

providing a pi vpesitorespringr202amd pravent disdgmeRPtheREsHiFHS SRS 165 H‘Qenhs 90
atc

220 in sideplate 4 rovide a stop for limting the rotati-on of

in the cl ockwi seaQ???"é%f?'BﬁO&mnéw%SE%ﬁer"am?f)%gs aparexipately . Otdinghesm as
descri bed bel ow. diaireregrbdve 199Ss b ' found in. al

di sposi tions of _circul Py eaker 1@@5@%?”?%@?@%%@%%@#@sﬁgiappm{!me r
| at ch portion 219154nghesdeepoo4 WO 01/ 16987 PCTI | BOO' 01219 16 of |atch 90
is shown fixed in place by internediate latch interface 200 of trip bar

assenbly 190. In partg , | N4l tgure 14  cutqut region 214
of latch 90 i s shown %g@rgvﬂﬁt%r rrégﬁbﬁﬁ%tsgf‘ ef'???é'ﬂ%%&%, Egﬁcl"l’?o
bottom surface inglgdess maiomendberR0tiuaving 8ads 267 Midh%r&%ehﬂtcﬂfhrﬁ@’éb&ﬁd,
engaged relatio | i th .surface 2Q3A of interface 200. Upper latc
portion 210 of Qgg'lcﬁn% W@cgﬁ%ﬁ’@ﬁatﬁ’&f ProReniNgS 205 Edarding Siom owim2 of
latch cutout regnembeP20®is &1 agher [Fidh PBRTcH'S ' Lom
cl ockwi se rot at igg dﬁe,to ® t hg%ngitggment ofﬁ? %ﬁiiefﬁh?"z‘ig'éhﬁ’ﬁ)‘@#‘ﬁﬁ5%z% th

i nternedi ate | at'@&f’hi Redng linrarlyraftseb ffammeach athenippie ekemplarypor ti on 210
with cradle 72 - | rotatipon.of cradle 72, .
not wi t hst andi ng%ﬁ%@;ﬁpﬁrﬁ%ﬁ?{o&hgo erggrl "3@"’335\7@'?9@'58(?@96@33% fle

cradl e in that datlen swfacerRAddyand a citoitmggiont244ppi ng operation as
descri bed below, trip bar assenbly 190 is - '

Referring now also to Figures 12, 13, and 14, shown is trip bar
assembly 190 in conjunction with a portion of the internal workings of circuit
breaker 10. Trip shaft 192 is shown laterally disposed between paralle!
sideplates 84 of the sideplate assembiy, with its ends positioned within holes
oropenings 216. This disposition provides a pivot area about which trip bar
assembly 190 can rotate. This rotation is influenced by spring 202 that
rotationally biases assembly 190 in the counter-clockwise direction. Also
shown is intermediate latch 90 which, like trip shaft 192, is laterally disposed

between sideplates 84. Holes or openings 208 of latch 90 are mated with
corresponding circular protrusions or indents 218 in sidepiates 84, providing a
pivot area for rotation of latch 90. Protrusions or indents 220 in sideplates 84
provide a stop for limiting the rotation of latch 90 In the clockwise direction
which occurs during a tripping operation as described below.

Figure 12 shows the latching arrangement found in all dispositions of
circuit breaker 10 except the TRIPPED disposition. Lower latch portion 212



rotated cl ockwi se (overcom ng the spring tension provided by spring 202),
causi ng surface 203A of internmediate latch interface 200 to rﬂ\;k%%gz@&ay
from its abutted, engaged relationship with protruding regio

i ntermedi ate Wpaiftﬁlﬂ8790 Thi s di sengagerment enabl es the sprippgt@ieRs
experienced by cradle 72 to rotate latwh 90 in a clockw se direction,
thereby term nating the hard abutnent between upper latch portion 210 and
cradle 72, and releasing the cradle to be rotated counter-clockw se by the

af orenent i oned sof latgfs 90 $HowrPBRIaH 'p'lkgcerﬁcﬂﬂ?é? a%@la't&guh[%rﬁl R FRED

di sposition described above in connection w t gure ﬁ?é‘f‘%rred
exenpl ary embodi RERESSSIRRY 18Qi bhpatticulet, dsraleo seerein FIGGrehass catdaef

tdn 214
201A(Fi gure 10B cutout regions 214.
I n oﬁle grrbodl rre)n?hﬁﬂce %eﬂg%r& |g@§’p‘%’ﬁbé’(° ”?Ogjlvéfd@eff@%m%fWIﬁED@MmZMA
'2I'2|2 s p[ ﬁf er [ edf cgwﬁa@zgm o?prptradiagtregibﬁm?@?ﬁﬂatcgfggc’ﬁggﬁ?ﬁhggé ; aac h dport ion
W interfa ue..t o over-rotation
count er - ¢l ockw sgeq%&c}%@cp wgih ﬁ‘t‘f?"’?%g&%@'@%ﬁ%r?@oo;ﬁmp@rlm potﬁsﬁlznbegi above
wi th respect to MBrEUSEishouh dtitieutird byaldst RRY AR Sotaus segiase ©f
| atch portion 21 ar cutout region fg rom H‘EB%%E &thtﬁgegland
abutti Ircl)g t op suré‘é@ﬁcr@@ @(Ee@augse latchm0 is fpreverited ot Ry 15
March 2004 VWO OL{hLbGG@aqEl 17 ke bat t om surfacéguu’L’JA ( |egtl?re
11) of protruding f@%g @ngﬂg@gf ﬁ%’ PQFHPQ a‘fﬂ@d?tegﬁéd@tﬂﬂ@mﬁlatﬂrﬁacel ter
the latch | oad r%ﬂl(atthe)abhllnmrmbfuppérIamcdbﬂﬁﬁm@@ith%ﬁd?{gg”ﬂ Vé\ﬂ,ﬁfseﬂ,&re 14,

spring 202 is pogitioned in channel 199 of trip 202C of
spring 202 rot at SHMeockwise atatignsef aradieiiz, ﬂbt\mthstmah\gdhélspﬁﬁg tdrisop i t's

b essur p°s'“““e‘*a‘“"““"bb‘e%é"’“"é“'f*i he B3 PRt fselon . lovewr, 202c i <

pressurized contc?ct W th intermed ate
posi ti oned under®HiNd & Hippinaseneratiordas desaibiedwieldw, arp baCSsseHifR480 iL09A of

e s Mo N b A Sdr g "
rotational direc@using Susface 203Ars interretfiardaten|iMifacd' S0 R it R dy HomS' 2€-
and its abutted, engaged relationship with protruding region 243 of intermediate

latch 90. This disengagement enables the spring forces experienced by

cradle 72 to rotate latch 90 in a clockwise direction, thereby terminating the

hard abutment between upper latch portion 210 and cradle 72, and releasing

the cradle to be rotated counter-clockwise by the aforementioned springs until

operating mechanism 38 is in the TRIPPED disposition described above in
connection with Figure 8,

In the preferred exemplary embodiment, protrusion 201 of interface

200ﬁha&a4aeight294A1Figurer‘rOBﬂhat‘excéeas height 2714A (Figure 11) of
cutout regions 214. [n one embodiment, height 201A is approximately twice
that of height 214A. This preferred configuration prevents improper
engagement of latch portion 212 with interface 200 due' to any over-rotation of
latch 90 in the counter-clockwise direction during the resetting operation
described above with respect to Figure 9. In particular, it prevents the bottom
surface of latch portion 212 near cutout region 214 from improperly contacting
and abutting top surface 201B (Figure 108B) of protrusion 201 which would



i tioning of spring 202 is chosen so that the bias force provi
ggzctis, a? al | Pineg, snal I er in magnitude than the sprlngﬂ%qhﬁgﬁgao%orces
experienced by cradle 72, thereby always enabling the cradle spr o
to rotate | at¥Ro/888T n a cl ockwi se direction (as described palpgy@biMb
llatch 90 and latch interface 200 are difsengaged due to a trlpglng -
operation. Wien latch 90 has been rotated cl ockw se due to a erpl ?ch %0
operation as such, the cradle spring forces are no |longer felt by la

after cradle 72 Ikesp bottainefiirey P18A-(F uP&lfﬂ éafﬁ%rﬁf}g%gbg%oﬁggéiﬂggﬁ Qg@é of

Lon 94 no | onger contdcts
provi ded by end K9REITEGHRNA Gndesrathesitar dhe tatdad #Bonigbeggl at ch 90 | n
- | | tion. The configuration, size, an :
Lpesggrgéegogl?ghgﬁﬁggﬁhggithat the bias force rotates |ateh 90 |n_the210
counter-cl ockwi se direction only to a point where upper latch portion

>c D) : h
o LoPeLLY (ROS, L onets Bl g 441spHnt 0o pbsefid i randl 19d 8A
Cospect o o gur st 18R uBEH AR o B H03 rtated souer-laclis8 i i end
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forces) where | %3447 g06nipGRssptived sontact with mmatﬂdéedé_ﬂr:ggf)pff% B%@S%I?H%Ser
bort ] on 03 of 1 sa 38 REPSIPARRF Sk n hles e e A R eI ageon!
Fegion ido, ddibitlitad Ol @t ch 90
OO O b or amaibouard 20047t 91) oFlkfN<0. ddsiddridhias' P, Shd1,
ateh " port i on ZPCE SRGIAZ Sarika e birs foree o leton8bin thowoane cioskviissc | bed
above). As des%tdlbdaﬁ&]ﬁébﬁpn%??édé@h?ﬂﬁscﬂéseﬁ Qaﬁgz%a@ﬂgg%hﬁ&%z’é' gnd
sideplates 84 in order to limt the clockwse 70 .tl RX. ;
Al t hough these %S@Hnm HfrEpring28921is chesanesy that tiwcbvias foroy providtidty &Ry O

. i h VIS t [imt
el ani 11y 1 R el Bt hBniBLnE0 e S ebsenombacac co
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Cooperates i h oY RRCa8L de SR Bs ditiban alvan e l@ph SBrandiatchhat can
cause trip bar Interface 200 are disengaged due to a tripping operation. When latch 90 has
been rotated clockwise due to a tripping operation as such, the cradle spring
forces are no longer felt by latch 90 after cradle 72 has rotated counter-
clockwise and lower portion 92 of latch cutout region 94 no longer contacts
latch 90. The bias force provided by end 202C of spring 202 then takes over
and rotates latch 90 in the counter-clockwise direction. The configuration,

size, and positioning of spring 202 is chosen so that the bias force rotates
Inteis

lateh-90-inthe-counter=clockwise direction only to a point where upper latch
portion 210 is properly positioned to make contact with upper portion 93 of
latch cutout region 94 during the resetting operation described above with
respect to Figure 9. The counter-clockwise rotation of latch 90 due to end
202C of spring 202 advantageously prevents upper latch portion 210 from
being left in a clockwise over-rotated position (due to the cradle spring forces)
where latch portion 210 is in too vertical of a position such that, during the
resetting operatio'n, it could undesirably contact upper portion 93 of latch



assenbly 190 to rotate in the clockw se direction and thereby rel ease

cradle 72. One type is a manual tripping operation, and thelsj\slrulﬁw(ﬁ)tﬁ
associated therewith is shown in Figure 15. Figure 15 shows 6 of

the internal WOBFKPHgs of circuit breaker 10 within base 12cTmgdohitigse 12
havi ng been cut away at 226A and 226Bigo provide a better view thereof.
Shown is trip bar assenbly 190 and manual trip bar 198 thereof. Al ong the
outer sidewall of base 12 is a push-to-trip actuator 230 of trip nechanism
40 that is posit CUiRugregion A4 ehan angledhat Weuldpresrtpnarakb)t AfcAPMISEE QY

Actuator 230 inc tton 25 w,th top portjon 25A that protrudes

t hrough rectangu Fd;g@ Eoptg%%dgdéounge\{'cicf‘:@é%qﬁiﬁioﬁﬁgﬁ Gelndmecessans forilagenkaichal so

to Figures 16A apdrtbBE {2uslbecomiclhehas Wiktigtch 2 rfak 2@@,%@?%\%?@0# n
oft'o :

bar-1i ke nmenber 231 that slightly tapers near its
slideably fits into a ornmed between housing structures 228 and 229

roove f
and the outer sidewal ‘P‘g&PS‘H abpverp@liusions or siaps220qre pravigadivi des a
gui de for the vegidkgrk ' ' or, 230. ctuat or 230
“includes a stop mnﬁere%‘nﬁggi{ﬁogmﬁggfeﬁlééﬂgﬁséag&%ﬁﬂOfﬂénﬁgigﬂg% HgBt ur e
229 in order to {heseiretresionsideallyprevertiiodkwie agérratation &8 RXioH 800 t(%(gi S
groove. For reas?él}g %l_}ﬁ.%tt%%ﬁ bel 0%411' a.sEri n ot shown) is seated
March 2004 WO 017169 {98, Yeiaplisy & Rarts, t their ebiitytemcopmplistuat or
230 and t he bot tiis gdalb byi tohsta in es
shoul ders 233 f&_gm wWhi cﬁ?ﬁr‘%ﬁg ?ot rﬂ%lselgs £°’§€Pt‘25&e“?ﬁ3'ﬁ5”$ %i‘gerButton 25

sits upon shoul dePekwsg ion, gnd of $pAng 208 coBperatascivititstdpa 220 to
appropriately ¢ ' At L2t ' .curved flange 234 is
AR S L R :

inserted. Button 25 al so inc S TWSR: abuts upwardly
agai nst a bottom surface of cover 14 so as to linmt the upward vertical
novenent of push-to- t?h%eé*& geesal types obingpingaypteratidns testtdancadds thPbar

providing cl ear a&@nitiv 1 ' .associ at ed ndl e slider, as .
described in greater det gﬁ@tog?%jvn ﬂ%?%lb%l?m?%& 'rSmWﬁ]@ef%ﬁP@ﬁﬁgm%t ely
the niddl e of nefda Qpeitpe us:mmahuama'ppihgobe'rarioﬁpéwtr@rst&:%&ré%sgoéi war dl'y
curved arm 240 Vihéltévﬂt t}gtskom port.ion 1%42.,_, As shown in Figure 15, bottom
( with 1S shown'in’ Figure 15. Figure 15 shows a portion of the internal
workings of circuit bregker 10 within base 12, with base 12 having been cut
away at 226A and 226B to provide a better view thereof. Shown is trip bar
assembly 190 and manual trip bar 198 thereof. Along the outer sidewall of
base 12 is a push-to-trip actuator 230 of trip mechanism 40 that is positioned
such that it can be moved upwardly or downwardly. Actuator 230 includes a

button 25 with a top portion 25A that protrudes through rectangular opening
23 of cover 14 (Figure 1),

~————Referring-how-alsoto-Figures 16Aand 168; push-to-trip actuator 230

is comprised of a main bar-like member 231 that slightly tapers near its
bottom 232 where it slideably fits into a groove formed between housing
structures 228 and 229 and the outer sidewall of base 12 (Figure 15). This
groove provides a guide for the vertical motion of push-to-trip actuator 230.
Actuator 230 includes a stop member 235 that is positioned to abut housing
structure 229 in order to limit the downward movement of actuator 230 within
this groove. For reasons discussed below, a spring (not shown) is seated



portion 242 of arm 240 is positioned just above manual trip bar 198 of trip
bar assenbly 190. Wen top portion 25A of button 25 is deprﬁ%\z{% wﬁg
resulting downward novenent of push-to-trip actuator 230 cals Bg m
portion 242 YWPO44$D240 to contact manual trip bar or nmenbarcri®8yoither eby
causing trip bar assenbly 190 to rotati®@ in the clockw se direction. As
descri bed above, this rotation of assenbly 190 rel eases cradle 72 and
results in the TRIPPED disposition shown in Figure 8. The spring (not

shown) posi ti onedabebembotiornt2d? GF3tefton2BNak@tHd bittos bEBL 13.3Rle§?tf$ X tzgi

actuator to retu:%:ttag i .iE,ié’tia posi tion when force upon top por

of button 25 is rfoy ﬂ'@%fo Inglidles shouldarsa23% Epaywhich epwattilyprotrudes siedrded 1 i p
actuator 230 (exdrphe gt ks | tal such as carbon
steel, and Is Int,eq?gl Iy %hﬁr?e%gésvéllg’ ia sgﬂé’%‘ng’.deﬁgﬁésc?@sés.s W%Hbﬁ',guf%éﬂ
strength of the rn@tludgsoan ppproptiatety cartfigur&BOpenisg Eﬂﬁﬁnﬁ%ictﬁ&?béiﬁgn'é to
have thi nner di iigﬂﬁe}‘@{]}c? reggﬁhl &Bﬁ‘esir ble In view of the s%ace
constraints of nddern ¢ rcui tDre 0 e shquideriaB87whish abutsaupwardiyhe
exenpl ary enbodi ragainst & hettoar ipfaceidteh - 45 inches
thick. Button 25 Is&%e?ferabl y conpri S\é%\f‘L)f&%ﬁ?hﬁlgﬁﬁ@@ué%@m%m? | astic)
with electrical i Nt REPYshristip actuator2dQ, areba culeut secliby 288 76104

PCT/ 1 BOO 01219 | Rradfdlhg ic%%rérg:et'gﬁhmg?grérﬁ igé)l?%p%?eé Etﬁi@ﬁ%&,escri bed

above, circuit Dbreaker 10 includes at tA8 tripping

operatii ons whi cHes¢ribegiin greatar detaﬁbetdw.pPhﬂmd@ﬁ;S@thdiﬁﬂ@nfé’pﬂrB&iﬁ#a?elb” the

cl ockwi se direcilon. her-eby rel e cradle 72. The structure tor
iﬂeon%chq? ! 23 :

provi di ng these ‘additioR marwr%m% i&fayﬁmtwtﬁﬁ%géﬂls a dbivgwaedly

whi ch shows ci r cuistved anmaldaer wit aitdtohPpSRiok 35 LSRAsiL on, Wi th

| at ch 90 abutted h&,rd agai nst_| ower F?)rtig???%%@ﬂ%@@%ﬁ&m&’@n 94

of cradle 72, anBOTHRPAH29Y arme24 isipositiaped st iabbee meniuat &ipl tedrcllasigTies bae e

200 (Figure 10B) agge,ﬁmyﬁgbgr assenbly 190. Also shown is an automatic trip

assenbly 250 of trip TMmechanism40 that is positioned In close proximty to

trip bar assenbly 190. . : '
When top portion 25A of button 25 is depressed, the resulting

downward movement of push-to-trip actuator 230 causes bottom portion 242
of arm 240 to contact manual trip bar or member 198, thereby causing trip bar
assembly 190 to rotate in the clockwise direction. As described above, this
rotation of assembly 190 releases cradle 72 and results in the TRIPPED
disposition shown in Figure 8. The spring (not shown) positioned below
bottom 232 of push-to-trip actuator 230 causes the actuator to return to its

initial position when force upon top portion 25A of button 25 is no longer
exerted.

in a preferred embodiment, push-to-trip actuator 230 (except button
25} is comprised of a metal such as carbon steel, and is integrally formed via
a stamping process. As such, the strength of the main portion of actuator 230
is enhanced, enabling it to have thinner dimensions which are highly
'desirable in ylew of the space constraints of modern circuit breakers such as
circuit breaker 10. In the exemplary embodiment, the carbon steel of actuator -
230 Is .045 inches thick. Button 25 is preferably comprised of a suitable
polymer (plastic) with electrical insulating properties.



i i 19A, "'19B, 20, 21,-22A, and
Referring now also to Figures 18A, 18B, 18C, , , ,

228 shogm in isolation is automatic trip assenbly 250 and I.[tssm%/rgggg&_sa
com’)onents. Asgeoileys7250 i ncl udes a galgneélf ?l%kﬁaI%g’B aMt;:ﬁ] t'i%eo’%w’e 2,
etic clapper or armature 256, an oad te . ( K!
Erl‘zggures 19Apgnd 19B) includes a substawtially planar portion 258 vvlt_hnaS
bottom portion 258A. Protruding fromportion 258 are curved arns or w ng

[ t f arns 260 and
562 are prvot  supgor { STSAIRERY BRIMaAE17080h obbralB" desBiban atiorensirads. and
are piv - , \ :
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bot t om portion Hdékon? poRiBhRBERAS Protruding from portion 258 are curved arms or wings -
260 and 262 having front faces 260A and 262A. At the tops of arms 260 and
262 are pivot supports 264 and 268, with respective pivot surfaces 268 and
270 on which pivot magnetic clapper 256, as described below. Pivot support
264 includes a front retainihg ridge or ralsed surface 263 that helps define
pivot surface 268, and pivot support 266 includes a downwardiy facing stop or

| protrusion 265. Pivbt supports 264 and 266 each include a rear retaining

protrusion 267 which helps define pivot surfaces 268 and 270. Yoke 252 also

includes a shoulder portion 272 above which is positioned a portion of load
terminal 28, as described below. In addition, holes or openings 274 are
formed through substantially planar portion 258 for purposes described
below. Yoke 252 of the exemplary embodiment is made of carban steel
material of approximately .078 inch thickness.

- Bimetal 264 (Figure 20) is planar and substantially rectangular in form
and includes two cutout regions 280 and 282 forming a neck 284 upon which



described below, and is forned of carbon steel material in the exenplary
enbodi nent. Load term nal 28 (Figures 22A and 22B) includes1§ ub@%@@%ially
pl anar portion 290 from which protrudes, in approximtely p r@%ﬁ ar
fashion, a bottom connector portion 292 that connects with an external

I nput of -electrical current by nmeans @fl a connecting device such as a
self-retaining collar. Such a «collar provides both a physical and

el ectrical connection, and an exanple collar 295 is shown in Figure 4
(connected to connector portion 292 as well as to a simlar portion of

line termnal 29) and is described i n@lgreater_ detail below in connection
with Fi gursésgohedhporlion#ibe sTlresiahi mbettersl nswtion £67 oébiraetal 264 s gunode op9,
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28 nounts when assenbled into circuit breaker 10. Base S

channel s S8tputctifed Tha shhokclapper 2h6risofider flran tia body ftrhagn&R2yolls

shown in kiegur, . ' ar. . porti,on 290 of ad_.term nal 28,
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N
ribs 308, PgPded RRlwnand & TPEPRdnal camhoreisieel materidae the exemplary
prevent edenHililpeAes of base 12, and therefore channels 520 forned therein,

Load terminal 28 (Figures 22A and 22B) includes a substantially planar
portion 290 from which protrudes, in approximately perpendicular fashion, a
bottom connector portion 292 that connects with an external input of electrical
current by means of a connecting device such as a self-retaining collar. Such a
collar provides both a physical and electrical connection, and an example collar
295 is shown in Figure 4 (connected to connector portion 292 as well as to a
simitar portion of line terminal 29) and is described in greater detait below in
cannection with Figure 29. For purp'oses described below with respect to Figure

29, connector portion 292 has a hole or opening 294, raised portions or surfaces
297 on the top thereof, and cut-outs 299 that cause front face 301 to have a
smaller width than the rést of connector 292, lLocated at the other end of
terminal 28 is a top substantially planar region 296 which is offset from portion
290 via a curved region 298. Formed through portion 290 are holes or openings
300, 302, and 304. A tab or protrusion 306 protrudes from one side of portion
290 near hole 304. Planar portion 290 includes offsets or ribbed portions 308
formed along the sides thereof. As best seen in Figure 22A, planar portion 290
slightly tapers along its length in a gradual



are s'I'ightIy tapered fromtop to bottom as best shown in Figure 25, with

di stance d2 greater than distance dl1. This tapering aids ln1°5*l?ar@i‘?bﬁ'{fcfj
production of base 12. The tapering of planar portion 290 of "term nal 28
follows this WapEIP$g of base 12 so as to provide a snug febridighps th upon
I nsertion. Ribbed portions 308 enhance 2zhe frictional engagenent between
term nal 28 and channels 520, thereby also resisting vertical novenent-of
termnal 28 relative to base 12. In order to further prevent verti cal

movenment  of ter—mdﬁﬁbr.mtﬂﬁﬂdﬁ{hﬁwi@@-tﬁ&%@iéé% over 14 includes an abut nent

portion or wall 525, as shown In gure nd 27, having a bottomthat
I's appropriately positioned and di nensioned to abut protrusion 306 of

termnal 28 when covieferring krigfly nowalso to Bigueds SBQW[ S invliiéth}et%fi% a2
This abutnment h ' 6.down, thus keeping termhal 28 fully
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pol yester materi | e t.of cov 14 but wit a
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enhanced conpr editipbovidéd/by FbgB0e; n%]férﬂég : LC. [rip assenbly
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not in contact) g slightRQkbd =H§52' ot SR 2P e 28 hotth
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bi metal 254, f orlistaReruR gratitenthas distanzeat. Tg gy 2l B36e floggretal 254
| s connected t Ogﬁ'&ﬂ.lﬁ?igﬂio?ﬂ gié 3.}1 | oad. term nal 28 'by way of a :
conventional heat welding 8 bfal MR {PPSSiNg Qi lan #Upidaraios 26 | oad
termnal 28 is ﬁdbﬂs thisetdperray 6f e UI208S as to provide a snug fit therewith upon

insertion. Ribbed portions 308 enhance the frictional engagement between

terminal 28 and channels 520, thereby also resisting vertical movement of

terminal 28 relative to base 12. In order to further prevent vertical movement

of terminal 28 relative to base 12, cover 14 includes an abutment pdrtion or

wall 525, as shown in Figures 26 and 27, having a bottom that is

appropl_'iately positioned and dimensioned to abut protrusion 306 of terminal

28 when cover 14 is in a position of securement with base 12. This abutment

holds protrusion 306 down, thus keeping terminal 28 fully seated in channels

520—intheexemptary embodiment, the bottom of abutment wall 525 includes
a contact member or crush rib 526 that is positioned to directly contact
protrusion 306 when cover 14 is secured to base 12. Rib 526 is formed of
compressible material, thereby providing a little “give” to the abutment of wall
526 with protrusion 306 and ensuring proper fit notwithstanding slight
variability in the circuit breaker components in issue. In one embodiment,
crush rib 526 is formed of a thermoset glass polyester material like the reét of
cover 14 but with a reduced amount of fiberglass in order to provide
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trip bar itioned in contact with (seated in) pivot surfaces
268 and 270 of yoke 252 are pivot arms 318 of magnetic armature 256 for

providing a limited range of motion of clapper 256, as discussed in more
defail below. As seenin Figure 18C, chamfered region or cutout 317 of
armature 256 facilitates this positioning of the armature during the assembly
process. Armature 256 is first tilted (as shown) with cutout 317 positioned
below pivot support 266 and stop 265 thereof. Cutout 317 provides clearance
that enables arm 318 above cutout region 314 to then be rotated into contact

T Wwithpivot-surface 270 ART 3718 above cutout region 312 can then be easily
swung over the end of pivot support 264 and into contact with pivot surface
268. During operation of circuit breaker 10, pivot arms 318 are maintained in
contact with pivot surfaces 268 and 270 by way of retaining member 263 and
retaining protrusions 267 of yoke 252. Two springs 253 (only one is clearly
shoWn) are attached to and disposed betwéen holes 320 of clapper 256_ and
holes 302 of terminal 28, with curved ends or hooks 253A of springs 253
protruding through the holes and providing the attachment. Springs 233 have



assenbly 190, thereby releasing cradle 72 which |leads to the TRI PPED

di sposition descri bed above in connection with Figure 8, wh er
overcurrent conditions exist in the ON disposition. In the %%r%gg%l on
as shown in VEPQUHES77 electrical current flows (in the foldcawkigmoe
opposite direction) fromload term nalp428, through magnetic yoke 252 and
bi metal 254, from bottom portion 287 of binetal 254 to novable' contact
arm 50 through a conductive cord 289 (shown in Figure 3) that is wel ded
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viewed in Figure 7)., Wien non-overc
defl ection is ni HiexENUMEsEsefrotatiboaladisplacarentaftiapper egsr ent | evel , the
tenperature of binetal 254 will exceed a threshold tenperature whereby the

defl ecti on of binetal i t rijon 287 to make_ contact with

thermal trip bar or n@ﬁ%ggﬁ%ﬁF&fh%@ﬁﬁr&@ 187 shewn mifigurednt act
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manner by changing the size and/or shape o Y#er nor e,
adj ust ment can |§gf%m5erm}:og@p@a§ exish in the QiNudisgositiorewinthe ON KigyosRioh®- - not
shown in Figure showrah rei7h ' uch,, t it rotrudes to a
certain extent through the of %%r(:ﬂ‘glﬁgg@'g?&b%r\?&@ t"fgﬁﬁwlaqu?eepwweer mal trip
menber 194) . Pr Sliegtvomdram laagderminat 28y tARdghsmagnetic yake®520nd bimetal 254,
from bottom portion 287 of bimetal 254 to movable ‘contact arm 50 through a
conductive cord 289 (shown in Figure 3) that is welded therebetween, through
closed contacts 52 and 56, and from stationary contact arm 54 to line terminal
29. Automatic trip assembly 250 reacts to an undesirably high amount of

electrical current flowing through it, providing both a thermal and a magnetic
tripping operation.

The thermal tripping operation of automatic trip assembly 250 is
attributable to the reaction of bimetal 254 to current flowing therethrough

The temperature of bimetal 254 is proportional to the magnitude of the
electrical current. As current magni_tude increases, the heat buildup in bimetal
254 has a tendency to cause bottom portion 287 ta deflect (bend) to the left
(as viewed in Figure 7). When non-overcurrent conditions exist, this
deflection is minimal. However, above a predetermined current level, the
temperature of bimetal 254 will exceed a threshold temperature whereby the
deflection of bimetal 254 causes bottom portion 287 to make contact with
thgrmal trip bar or member 194 of trip bar assembly 190. This contact forces



more readily contact thermal trip nmenber 194 (and thus rotate assenbly 190)
when bi netal 254 deflects, thus selectively reducing the anQ§ of 4
deflection that is necessary to cause the thermal tripping %qrgkeggq]_

Cut out regi on¥O28B698hd 282 of bimetal 254 have rounded cor RgffRABH and
282A (Figure 20), respectively, which egse and facilitate the higher
density downward current flow in those regions (during the ON disposition
of circuit breaker 10) caused by the narrowi ng of the flow path of current

bet ween head por tassembdB61SNED MRRRK ; . I utopatjc trip
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magni t ude of themotereatiy coﬁtﬂcﬁtmaﬁﬁlb‘iném%f'@f@?{d%gé{cgaﬁ?qtﬁ%refrﬁ,a ﬁilf ﬁ?hces

force that has a_ tendenc o pull magnhetic clapp

{
260A and 262A of "PEREMERS! 264 dpfiacis thewacleively aR8iRgReT AhiB0M 6fddkcl6n The
magni tude of thi thadls hareksX® th ' because, as descri bed
above, the body of clapper 56%@5%\}%6@&&&%&%8“89988?%8*1' yoke 252.. \Wen
non- over current condiéi ons exist, the tension provided by -springs .2.53

connect ed between hol €4toybtedimnsdadans 28%6f bimbtaldisdshR@FoGhddddsinbay M nal
or edet o m nod’ ou s anen 202 (Plghls 20 fesrk oG wiigyase end fadiistodhe higieed
that over comes density sowmyard nuirent, lonoinithess oS HLARS HRPENAIShERN 49
bottom circuit breaker 10) caused by the narrowing of the flow path of current
between head portion 286 and neck ."284. fn an assembled automatic trip
assembly 250, cutout region 282 extends down the length of bimetal 254
substantially past the bottom of arms 260 and 262 of magnetic yoke 252 (see
Figure 18A) in order to prevent interference with other internal and/or housing
compohents positioned in close proximity thereto. In contrast, cutout region
280 extends to a point approximately just below the bottom of arms 260 and
262. This provides for a wider bimetal 254 below arms 260 and 262 of

magnetic-yoke 252 which reduces the susceptibility of those portions of
bimetal 254 to increased eddy current effect heating that could cause an
annealing or pitting of that area during high (interrupt) current conditions.

Automatic trip assembly 250 also provides a magnétic tripping
operation. As electrical current flows through magnetic yoke 252, a magnetic
field is created having a strength that is proportional to the magnitude of the
current, This magnetic field generates an attractive force that has a tendency
to pul! magnetic clapper 256 towards front faces 260A and 262A of yoke 252,



portion 319 of cl apper 256 to forcefully rotate counter-clockw se towards
front faces 260A and 262A of yoke 252. During this rot atior:‘5 I@é}%g%
portion 319 of «clapper 256 nmakes contact with nagnetic trip bar "o nmber
196 which, asvO8HWM{ in Figure 7, is partially positioned betnemenizgd apper
256 and front faces 260A and 262A of ygke 252. This contact noves the and
of trip bar 196 substantially between curved arns 260 and 262 of yoke 252,
thereby forcing trip bar assenbly 190 to rotate in the clockw se

direction. This |Buwdwapsitudecof thig rEEiveifsRess bi ' detail
above in connectiBn Wit h Fi)guge 8. As with thgﬁéhﬁ%?rr@%ﬁﬁgéé%g?dné&%%%# ation,
the predet er ni ne8CRYftRhPodRorslappri256ds wadar than thenkagyenfiyoks 26RP Ve

ti b ' ' . . i shed b
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In Fi 7, 18 [t.can he seen that portions 2 an
oP mlagﬁret? isc yoke%ggévsaﬂgg?g%@?ﬁ?mﬂqé&?'_é?fﬂOﬁ@?ﬂE%fr?s@iPd&wV@&bmm | oad
terminal 28. Thi spredsteriniied elrfint 1&leh!d thFosHRRNEUAIGH eiﬁ%%@ @%ggagg%gﬁe”era'

reshapi ng of the magnetic flux lines that are gener tely
f1 owi ng cur r ent sOY&CRBeStheasPring tensioni campresstid springs 1853 Aad ehbslingssticih on

i ts the it o198y ckBRAPESE by Hitste et abSuiaadowarce Rnt
e ot o pey L pandaean afyekod2? bund s Tetefon ol Birdioh 12 of

bl owof f force r g%%é‘%’g %*fé"a'f‘?ﬁ(gﬁ]t%q}dﬁtfbmagln@iqt{jp@r eumermher86mhict, 288 and
e e AN S

such high curre(r)ﬁoﬁ?condi trons. PCB /| I gur es
enbodi nent of | A @2 PRt opgokenab2. Tihig cootact ebves thes emdibf tribepies 10.

At o o YRR RS TS 57 B A S v v
current wi |l nortfi@beyassenidy d804p potatd indhe biock@iReaif@stior-OThiBieHiR 1o G ' €Nt
appl i cati ons, a"l‘ﬁ!ﬁ'?"&lfgfgﬁgsiiﬁrgr? bs Abs&bedS detall above in connection with Figure 8.
As w_ith the thermal tripping operation, the predetermined current level that
causes this magnetic tripping operation can be adjusted. Adjustment may be
accomplished by implementation of different sized or tensioned springs 253

that are connected between bottom portion 319 of clapper 256 and load
terminal 28.

In Figures 7, 18A, and 18B, it can be seen that portions 258 and 258A
of magnetic yoke 252 substantially extend between bimetal 254 and load

temq!naLza.—J'hisﬂpesitioningofmetailicmagnethwms'2 causes a general
reshaping of the magnetic flux lines that are generated by fhe oppositely
ﬂowing currents in terminal 28 and bimetal 254 during the ON disposition of
circuit breaker 10. By reshapling the flux lines, this configuration limits the
interference between the flux lines, thereby reducing the outward blowoff
force between terminal 28 and bimetal 254 that is generated during high
(interrupt) current conditions. This reduction in blowoff force reduces the
likelihood of the force causing terminal 28 and bimetal 254 to undesirably



term nal may advant ageously be used, as shown in Figures 28A, 28B, and

23C. In order to better acconmopdate the higher currents, tqu1Q%| é@@iOf
this enbodinent is fornmed of stanped copper or brass of an |A% 8%

t hi ckness ofWappresi natel y . 093 inches. Term nal 28A I ncl yeessidiniaie
substantially planar portion 330 (agaizz tapered) fromwhich protrudes, in
approxi mately perpendi cul ar fashion, a bottom connector portion 332 with a
hol e or opening 334 extending therethrough. Connector 332 al so includes

i ndents 331. on bagk cutouts 333, that cause front face 335
to have a snall er*%l Aid) tﬁéﬁﬂgﬁgﬁﬁgﬁc%@ﬁﬁﬂﬂéﬁ@% 332, and a notch or
cutout 337 extending fromthe bottomof front face 335 towards opening

334, as shown in Fi guriguZBC2A art:a2B deplct bhenfiddpherR o I tbﬁﬁ@‘af‘gé g@gA I's a

top substantiall 39| %% r.e%i on ., 336 which is offset fromportio via a

curved region 33%‘. E5rined g F%%Jb‘?feag%rrw-oﬁh@tmn@ndana@u. fymed afsearnpgs 340

(for securenent s$taintexgndédt ings 342 (for

attachment of the !tvvo spri nagmg%%ﬁ},&e?igﬂ%‘?ﬁbgﬁﬁér%sq @Hn%-(%ﬁ\?&kf&fﬂb

same purpose as Praphcalions vgme electrisahturaentad) nomnaih/'ﬁmo\ﬁlﬁﬁmﬂ’i}ﬁgﬁy ° o
e. R d

portion 330, wt rg ' Vit 46 on the other sid
portions 348 ar ;: al ; Ig’f (]):(ra m@ﬂghg%Béﬁia@Rﬁ%é@nﬁo?nth emkadimast ofloadi bed
above with respdetminal mapladdantagéosishd8e! Al As) ortions
348 are not as ?ewoﬁlcgd 1%8 r'gbbeuc:fl%ortignsa%%%ﬁmg ﬁl@?ﬁg&ggﬁgr&d
i ncreased thi ckrfésg OFOTPEL er aggormodalmtedighes currentsntarmifal 28Aldrisiygh
they provide a smbddimbklit ig ' j tohi l,s 520 of, base 12. Al so
shown are support ribs SSOW?Ig?édeélfhég%@Pﬁg c§ E@&g?%'rbéﬂ%ﬁ gy increased thigkpess
338. The oper at i@PBroxiBatelynQ03 Ivhesi Mermin zsmiiﬁpme@%ﬁms%éhtﬁngrgldda;

as

ti | , j j 250, . i tiall th
82;clr ?gegr abosg in &%f@%’%@g%}ff@m wg@@%@%ﬁ nnh@%ﬂ%@ﬁ"\%@; t er m nal
28. PCT/ LBOOY o1 Pesparsiicarifashionya bettdrh@hAeASy ?&ﬂeﬁvﬁﬁé %Jilﬂo%aﬁﬁge@r?i%%ﬁgingz o

self-retaining |, 95,.t h may be used with erther

(or 28A) or Iine%(g#ee%ruﬁ?wirfg *ﬁ'&f&%ﬂs\énme&w@ﬁa@lswwum indents@3 ebwthe .
Col I ar 295 i ncl tujetheredfasfioie333%Rat &1 ' tantially open-ended
squar e shape. th%e}"st% 480 i ncl udes @ E%ﬂt%e%%%aveasma er.v{i)ig{g]

¢ rest of connector 332, and a notch or cutout 337 extending from the
bottom of front face 335 towards opening 334, as shown in Figure 28C.
Located at the other end of terminal 28A is a top substantiélly planar region
336 which [s offset from portion 330 via a curved region 338. Formed through
portion 330 are holes or openings 340 (for securement to magnetic yoke 252)
and holes or openings 342 (for attachment of the two springs 253). Atabor
protrusion 344 (having the same purpose as protrusion 306 of terminal 28)
protrudes from one side of portion 330, with a corresponding cavity 346 on

the other side. Ribbed portions 348 are also formed in portion 330 for the
reasons described above with respect to ribbed portions 308 of terminal 28.
Ribbed portions 348 are not as pronounced as ribbed portions 308 due to the
general increased thickness of terminal 28A as compared to terminal 28,
although they provide a similarly snug fit within channels 520 of base 12.
Also shown are support ribs 350 for enhancing the strength of curved region
338. The operation of terminal 28A within circuit breaker 10 and, in particular,
automatic trip assembly 250, is essentially the same as described above in



I nwar dl y-facing detents or protrusions 482 fornmed in the two vertical sides

thereof, and an upwardl y-facing circular protrusion or rai sqg %rg&@@ 484
formed on the bottom A neck 486 is forned on the top of base 8, %ining

an openi ng t WeAyk9shi ch a top portion 488 is inserted. '“Pk?ﬁu@é?ﬂ?' ary
enbodi ment, top portion 488 Is a screwdgaving a clanp portion 4 rotatably
connected to the bottomthereof. In use, collar 295 is connected onto the
end of one of the termnals of <circuit breaker 10. Describing this

connection w th ceapesiontvdit @ﬁqiq%pggi nal 28 shown in Figures 22A and 22B,
connector- portion 292 of termna " is inserted into base 480 such that

rai sed surfaces 297 aput detents 482, and wuntil opening 294 is engaged by
circular protrusion 4Bgfertng powdo Fapre 29, skown dn Bﬁarﬁﬁgisbif_trg%mﬁ§1h§

i nsertion becausgggmne;élg%ﬁ %é@ﬁé f.tﬁce 381, which has a w jar; o
smal ler than the inner W-dth 8 &'thgpload Serminal 28 (or 288) erlineteeminahagnel
t he remai nder of tQ:cnnmtexteﬂﬁﬂ!pbﬂiw&d)ﬂ%;thare%.rBﬁkﬁ@ﬁﬂ?lg{j%s$§| Lar 295

provi des an inte %(ﬂ_len.ce fitqsvm t h opening 294 that res f&¢ gprtion
moverent of the &89 PFNG & sutstAntiely epemended 2quarbeshept.s B48S 48D iiidgy 295

revent verti cal inwayd ; r Lye to, term nal 28, and the
gnhanced fricti or?al eﬁ%@%ﬁ%ﬁ%@@%“@g ?Q?iqmesanftla%ggo verticglfsidasnnect or
292 al so resi st stEERArand amupwardly-ecingdeiraumdd motrt bRk iﬁsé@s&ﬁgg | 28.

Positioned as s wi..in Figure 4), collar 295 is in " et ai ned
di sposi tion. mé@%éﬁ%ﬁ%%@%’ﬁn&ﬁ?%@g iIscfermed on die toptdf base @80} défmihgad

t 1 nal 28A shawopemindrt A t. 332 of
erminal 28A 15 I gKEu Lo L roe o ] 4 itton 808 ik Bhed inthd Bacrplncur  ace
abuts detents 4EIMOATIORE. 40P Porion W8BJs Aisster NBRgROBADHNIH AT oyl

f

openi ng 334 is ep#AseRdY tkd b rusion 484. Like cutouts 2
termnal 28, cutouts 333 o'?‘étg#gnrﬁ?]%%%A facilitate this insertion and

provide a simlar channeling effect for the remai nder of connector 332.
Notch or cutout 337 & Usfiler 295 B3Dnakstedianto the enesr dhof e trinRs RFCaUSE

It is appropri gl ' n .| .ed to channel circular protrusion
184 of onllor 8hiY bfdakeF 16 éeg&fgaﬁg%s conneclion with respect to load terminal 28

shown in Figures 22A and 22B, connector portion 292 of terminal 28 is
inserted into base 480 such that raised surfaces 297 abut detents 482, and
until opening 294 is engaged by circular protrusion 484. Cutouts 299 of
terminal 28 facilitate this insertion because they enable front face 301, which
has a width that is smalter than the inner width of base 480, to easily slide in
and “channel” the remainder of connector 202 thereln. Protrusion 484 of
collar 295 provides an interference fit with opening 294 that resists lateral
movement of the collar relative to terminal 28. Detents 482 of collar 295
prevent vertical movement of the collar relative to terminal-28,-and-the

enhanced frictional engagement provided by raised surfaces 297 of connector
292 also resists lateral movement of the collar relative to terminal 28.

Positioned as such (as shown in Figure 4), collar 295 is in a self-retained
disposition.

Describing the connection of collar 295 with respect to load terminal
2BA shown in Figures 28A and 28B, connector portion 332 of terminal 28Ais
likewise inserted into base 480 such that its top surface abuts detents 482,



295 under connector 332 which is beneficial since connector 332 is of

I ncreased thickness as conpared to connector 292 of terninaH é&. Egﬁéiusion
484 of collar 295 provides an interference fit with opening § arp

resists |ateweloympyenent of the collar relative to termng CT%E 1%)gtents
482 of collar 295 snap into indents 33b of connector 332, prOV|f
interference fit that also resists |lateral novenent of coIIar 295 rel ative
to termnal 28A, with detents 482 al so preventing vertical novenent of

collar 295 rel ati ' t ai ned .di sition of collar

295 |s thus real :az(rgid&ﬂg\ff’ Wg"ﬁct Y gg&is%gﬁﬁ@ I F%ﬂ?b%%ae Likecuiputs RO

the termnals of OfdemnaltZB:aroeM 33Bof tdnmurﬁmdsjﬂffa@lfta@%ﬁnpéérﬁﬁﬁEHH%@Q gan
the ter

t hen be inserted ween cl nd the top surface o S
connect or portion. %B%awngﬁ%éﬁ "!fereﬂ&}%&@fbwmws%ﬁ Notchtoron of
screw 488 until tduweout@3rat cohhsétbPa &S gonduct or to
the termnal. External access to Sg%g%ojgtghfﬁfe%th%ﬁs% &Drb Qﬁé’? &'Sone of

hol es 20 in coverapPlPR"ﬁt%]MISEEdlénd/mrtﬁgumddblohanaeltGDthasgﬁdlr@ibﬂ@ﬂ;fac\ﬂla'rVer
to be inserted a e screw 438. Referring now
Fi gures 30A and %Ig Lﬂhg\aggéﬁe té‘%@ é’h 8"9 ﬂaéalr@e;ﬁomaectpraammﬁ t he

pr esent |nvent|0rir.lcréasethness Es@um%réﬂzto%né&orzﬁéﬁf&?r | l%gt(f:& {iugfi and

rotatably dispos bet wee | ates 84 of circuit ~breake
‘provi des a poi nt %gf‘ q‘?g\f’;ﬁqr pr idep 2 interferense fit withrogiening 384 iat E’ééfbts cradl e

72 has an openi n%t&%nﬁd@bﬂﬂﬂﬁ Y‘ﬁiecébll‘eipfé? gg«gﬁn %%%ﬁ%ﬁ#&é‘g gfrmllﬂér

extends. Cradle 72 also inclu es an ap er ure

cutout or hole 3995 |Sﬁﬂ§ﬂmigrﬁh@erﬁe33WborﬁdﬂMr(B3mprdwdmg ﬁnhﬁt@ﬂ‘sfenﬁbj tor
hol e 394. Large e (0] Q. be | arger than est
di anet er portlgo?\lsg%gg{s 'é%z}a'éﬁ?iérée&‘ﬁc@%ﬁ%gsd’@@ Wﬁdgml\%énwdhl es 396
and 398 of 15 I\/adetenm H@oQﬁ‘é\l@tﬂ&@ vigtidal ﬁ@e%ﬁﬂ.g%aﬂﬁbgg%l%fes 84 (see
ar ger o 394 of

Figure 13), pin serted mdway throu
aperture 390. Beg% ?gé‘st%ﬁ?l?éﬁ aﬁﬁéﬁﬁﬂoéltﬁog qﬁao!lareﬂﬂﬁ isd:hhs realizgdier to
insert pin 82 through cutout 394, pin 82 may advantageously be

E?SL e'; reated for streAfiércaliar R8s tdnnettddbiio HPaRY 6f Bhe B HISLARELAG Ne

circult breaker 10, the end of an external conductor can then be inserted
between clamp 490 and the top surface of the terminal's connector portion.
Clamp 490 can then be lowered by means of rotation of screw 488 until the
clamp frictionally secures the external conductor to the terminal. External
access to screw 488 is provided by way of one of holes 20 in cover 14 (Figure
1) which enables a tool such as a screwdriver to be inserted and to
appropriately manipulate screw 488. |

Referring now to Figures 30A and 30B, shown-are-cradie72-and——

cradle pivot pin 82 of the present invention. As shown in Figures 12 and 13,
pin 82 is laterally and rotatably disposed between sidepiates 84 of circuit
breaker 10, and provides a point of rotation for cradle 72, As shown in Figure
30A, cradle 72 has an opening 393 through_ which upper toggle link pivot pin
78 extends. Cradle 72 also includes an aperture 390 consisting of a smaller
cutout or hole 392 interconnected with {blending into) a larger cutout or hole
394. Larger cutout 394 is sized so as to be larger than the thickest diameter
portion of pin 82. Before pin 82 is positioned between holes 396 and 398 of



internal tenperatures sonetines encountered in circuit breakers. As shown

in Figure 30B, pin 82 includes a stepped-inward portion 397 .@ ng
its length. Pin 82 (presently inserted in |arger cutout 392)%"‘?%%%%@#)

shifted such WORHEISOorti on 397 becormes seated Into smaller peliidh2392.
cutout 392 being sized to provide engagenent therewith while at the sanme
time, in the exenplary enbodinment, enabling pin 82 to rotate therein.
Because portions 397A of pin 82 around stepped-inward portion-397 are too

thick to fit withsidepl&eel : i houl ders whi ch

ensure that cradle 72 reﬁg?%ip@glr’lgt é@gélnoéf\f%?%agw}ésgﬁﬁgm“{l;%@h{hﬁ‘?ﬁ'ﬂhs@rg@'

then rotatably p&¥iaut3Adef apertwesidth Bemusesubsants Hradsusd Q%t?étﬁ.ﬁre%‘lin
operat1ons

of “cirout i br oak oo HeBlhiB g Rihygh o sBE, pifelimanademtagatushy b one of
two manners: cradket-fFeatedYorr stietigth 86 thelt igtr)% g,gﬁg %gﬁ%%§ °§M§% Q (HE é #@éhlgﬁi;e?dl e

72 may rotate vm'tq r1;{)]lp 82 gvm'_thin hol es

These two net hodd'6112} temperatyres ometiras eacaunteretin cinalit Broekersr A FHdwn

i ncreased fl exi bid FigMrd ‘ ' erating mechani sm38. In
particul ar, proper ?o{ aﬁléo’nﬁ%P Egrﬁcgﬁd#éeg]algieggﬁﬁngrp Iicipidway alphg itg2

somehow | ocks uplesgth.c &lima2 (presentty msémediniatgs calf i 51 j,at es
84. During-the- aﬁ%@ggh% \%?gbess stop, bar 88 %vaest?%lﬂﬁgﬁ%n%}'%ggﬁé'?he
engagement of steppeda-on SEMessiFatesintg smaliencutout 392, eutoit 39mbeiag |
cutout 392 of csiadd & gRvideSerid@emd ' 8,..s1op har 88 is

positioned «close to, gnd subfgagnt iégplt@rfg*gﬁﬁﬁ’gﬁ?gpﬁjeaﬁ?g%eo@ﬁ&w the i ndent or
cutout portion SEINRIANSHBPLMEDL anahling pincB2tH retdts theteii Because portions

assenbl y- conduci 3g7 hili i ond20SI L1 O as, such, stop bar 88

has a tendency to aﬁggfbiihr????\@ﬁg%g%#&g'?ﬂﬁrldgpq&oﬁggQT%@MU\B’K&FPﬁt‘dlﬂ@inor to

the left, thus péragiancutayt38Bsthentpratide SRoEEERIWHISh bﬁﬂﬁét@t%&% S _Wwhi ch
' ivot pin 15 March 200 6987

Cei) P 1510 SRR B P Y8 s i st ot
o TS e LS b et 0 S Bt
escribed above.
This rotation can occur in one of two manners: cradle 72 may rotate on |
(independently of) pin 82, or cradle 72 may rotate with pin 82 (within holes
396 and 398 of sideplates 84). These two methods of rotation are
advantageous in that they provide increased flexibility to the operation of
operating mechanism 38. In particular, proper rotation of cradle 72 can still

occur even if pin 82 somehow locks up and cannot rotate within holes 396
and 398 of sideplates 84.

During-the-assembly process, stop bar 88 serves to help maintain the
engagement of stepped-inward portion 397 of pivot pin 82 with smaller cutout
392 of cradle 72. As shown in Figures 6 and 8, stop bar 88 is positioned
close to, and substantially to the left and below, an indent or cutout portion
395 of cradle 72 when the cradle is in an assembly-conducive position as
depicted. Positioned as such, stop bar 88 has a tendency to abut indent 395
if cradle 72 moves downwardly and/or to the left, thus prevénting substantial
movement in those directions which could result in a loose seating of pivot pin



st epped-i nward portion 397 of pivot pin 82. Al though stop bar 88 and the
pair of side-by-side conpression springs nmaintain the afor nt i
engagenent, they nonetheless enable a little "give" to exi sﬁgﬁ\ﬁérfﬁgﬁ&
engagenent wWh¥PEBY98t adl e 72 may advant ageously nove a smalplergbdlhaise
about pivot pin 82 which provides increased flexibility to the operation of
operating nechanism 38. Referring again to Figures 12 and 13, stop bar 88
s shown laterally disposed between sideplates 84. Stop bar 88 includes

ends 450 whi ch aB&,in largert dudowh@Hdp|iatye BEIRG el t, ndi.anet.er
than the main porgi?ggl of bar 88 and ;sepa?ﬁgggﬂﬂeﬂ?@g%@%ﬂingth%e‘?@rgﬁsz.
During assembly, ° -Sige goniPEessiresrings i(Retehowing sctirgyupmn sradie? 2pRFvided
until shoul ders 4arigwhd A | t ha eni ngs 454)
contact inner sur %@'g%ﬁgww @?ggéﬁgg 265kgéﬁg&%ﬁércug‘?ﬂqéggr%@ﬁg%mﬂh

portions 450A of SteRged-ABeardpostioniddy oipivatipin B2l Athdadh %E%r%@ﬁd\%&%nglﬁaairi .

surfaces 84A of sj gt . A machine, such as an orbital

then used to i mﬁ%ﬁ? bgps? e%éggl?sﬁ'BptsPHﬂgs msentaindbe pfosementionstbul ders 456
are formed (onlyeongagdnserthiben honbihelds basuff i cl ent hi ckness to
be structurally fi r@e are tﬁ?n enoughs?gh?%;?mt“ﬁe%ﬁ%rté eg‘[]e'g@}@f#i ally flush
with respect to BUgdement whesebysaradier? Zmay aduantagedisBroes 2amRall 8ktance

shoul ders 456 hagema ik ' ter eni.nas, 454, they cooperate with
inner shoul ders 452 tdo hgﬁaﬁvﬁﬁpﬁ %V‘ggg%g%éﬁﬂg‘gﬁ@ﬂ'&@ﬁhgioeefﬁt@meg 84. In
particul ar, out ePPIAHNY hecbaris® 38.1 | resist further outward separation of
sidepl ates 84 potentially caused by, for exanple, forces generated during

hi gh current interruppief ul der.s 4 resi st any | nward novenent
of  sideplates 84 (t ReBhing A tc?f’ﬂ@‘r‘S“t‘ﬁi?"‘E?z;er%OR)E@reﬁﬁ féaqhowrdatanauy Thi s
mai nt enance of tdispaseddiatyedresideplatsy 8L PERIPASards lﬁélﬂéfé‘s'seﬁ&%ig@d Q,#gcgls re
proper positioni;ng (gng f uInCt i OEI n& of operating nechani sm CONporent s.
Al'so shown in Fi'gureSXamPiaR emaodiment,of aswnalles siamater thandhamain pbriivararh
2004 WD 01/ 1698 ba3BERGY scparitld Htefi deplates 84 Simlar
to stop bar 88, ort bar 460 | nc?@ﬁ%ﬁ@%@?ﬁ"ﬁﬂgﬁﬁ?mpﬁ, £R
exenpl ary enbodi re igerigddnte hales 454 of sideplates 84 until shoulders 452 (which
have a larger diameter than openings 454) contact inner surfaces 848 of
sideplates 84. After this insertion, portions 450A of ends 450. protrude out of
~ holes 454 along the outer surfaces 84A of sideplates 84. A machine, such as
an qrbital riveter, is then used to inwardly spin press portions 450A untit outer
shoulders 456 are formed (only one is shown) which, although of sufficient
thickness to be structurally firm, are thin enough so that they are substantially
flush with respect to outer surfaces 84A of sideplates 84. Because outer

shoulders 456 have a larger diameter than openings 454, they cooperate with

inner—shoulders452~te—helpmaintaiﬁhe?.pacing"bémeen sideplates 84. In
particular, outer shoulders 456 will resist further outward separation of
sideplates 84 potentially caused by, for example, forces generated during
“high current interruption. Inner shoulders 452 resist any inward movement of
sideplates 84 (towards each other) that could potentially occur, .This
maintenance of the spacing between sideplates 84 serves to help ensure
proper positi.oning and functioning of operating mechanism 38 components.

Also shown in Figures 12 and 13 is a support bar 460 laterally



di ameter than the main portion of bar 460 and separated therefrom by
shoul ders 464. During assenbly, ends 462 are inserted into hl%'hﬁé?r ﬁgﬁ(ypf
sideplates 84 until shoul ders 464 (which have a |arger dianeter £

openi ngs 466)WeeHteast i nner surfaces 84B of sideplates 84. pAbimbniy S

I nsertion, portions 462A of ends 462 priadtrude out of holes 466 al ong the
outer surfaces 84A of sideplates 84. A machine, such as an orbital
riveter, is then wused to Inwardly spin press portions 462A until outer

shoul ders 468 ar dispb8sdBEiviedl e S 4S A)., ALt hough outer shoul ders 468

are of sufficient !Spthi%rggess t%d%&s?ts?dcﬁ\ﬁ@%rlvsft‘?? ﬁ?'gé]%éypa@fébﬂh%ﬂ enough

to be substanti alnojudesuesids 462tvhicle spedi tHede@MEay SFERERS {Béﬁa%@ﬁﬁ' depl at es
Rén op ﬁgs 466,

84. Because out ea-aaﬁbqﬁltg‘eri 468 have a Iarger difaneter t

they cooperate wrth i RnoAN 1 G117 8pdioRed bapAe0 and separatedifereh®m bg‘ha p

mai nt ai n t he spashagdéetagge gldgdg ' nper, descri bed above

in connection wi LH st op bar rDSUSﬁJ}1 n ﬁ%f@??égaﬁgﬁﬁgﬁﬁﬂmmg‘f) 468-0fgg and

support bar 460 SfePlaies §feuntilishouldeondes ¢eflichhbad a ldrgecdidinkte? a0l €5 466

for support bar é5dh ref formed [N, areas of -sideplates 84 that

are substantially orﬁéf@sﬂo%agé&?@egis ggcgqs %P&s'%ﬂ"é@szﬁﬁ ar thisr med f or

stop bar 88. Suchseltiosj portiohs1d62A ofeads hes Rt @8 out UPRAEL 4B8'aighdnR 'k de
al ong el gtn.

I the oxemp! ar yHAGED AU Seips i omaeiinsosyshs aroortlal it Do
her oot sel act o0 o L hay o S B bt by REfersbPHicR B 76 arnosc
conponents. | n dPABed (@Hpeae imshayn)adiihough autcr sREGEE B arERY suﬁg-{e@gug Z -e,
Ret orri ng now 1 o e RCdE SRR ARDCRBY gi Bin aousho ke submtantall fush
handl e assenbl y With esgecito auitert sifapas 84l sﬂeﬂ%?ésaéﬁzﬁgf}a&fe &ng%%%%a' ate

or support ne I_F%se |y of circuit breaker 10, e ass $s
formed of metal g% éa%ﬂ Feterian erenings46H, ithey cuteeratavain ighergnd 1 5

March 2004 WO 05hd6lRI8Ys 54, /dnd0R) S rical ndl e assenbly pl ates
100 that are Cogi}j%%i bl hermg%%goé%& WHED Mifthin 1RO spacing between '

ates 84,'in the manner described above in connection with stop bar 88.

In a preferred embodiment, stop bar 88 and support bar 460 are
formed of carbon steel metal. In addition, holes 466 for support bar 460 are
preferably formed in areas o_f sideplates 84 that are substantially on the
opposite side of where holes 454 are formed for stop bar 88. Such
positioning of stop bar 88 and support bar 460 provides for proper spacing
maintenance of sideplates 84 along their entire length. In the exemplary
embodiment, support bar 88 is positioned between trip bar assembly 190 and

crossbar assembly 60, the exact positioning and size thereof selected so that
it does not interfere with rotation of those components. In other -
embodiments, additional support bars may, of course, be used in order to
further ensure proper spacing between sideplates 84.

Referring now to Figure 31 and again to Figures 12 and 13, shown are
handle assembly 70 and associated parallet sideplates 84 of the sideplate or
support member assembly of circuit breaker 10, Handle assembly 70 is
formed of metal in the exemplary embodiment, and includes parallel and



handl e platform 101 that interconnects with handle 24 of circuit breaker 10

as described bel ow. Each handl e assenbly plate 100 i ncl udeg %@52@%{]9 102
(only one of which is shown in Figure 31) through which han P y
roller 86 ext¥RAY1P# gure 5), and each al so includes a cir QdgraBogRiot
region 104 that rotatably mates wi th a&3correspondi ng pivot surface cutout
106 (Figure 12) in each sideplate 84. Al so shown are handl e assenbly
actuation tabs or protrusions 108, that protrude fromthe bottom of each

handl e assenbly SYateetricdhandircissembiyigiated F0D tharafbohnetialad é)tﬁé}%?n v

contact nenber 19%:1 h S|£ late 84 includes an actuation PRD=ERY 8ut

regi on 110, i ncl udi Hgﬁat&fm ﬁf hat intersannacts withandte 24 epairodit brédieraachs

actuation tab 10@eassbhder l@é{b\ﬁ.e{?afcﬁrhanaieeﬁs@ﬁ{b%élgg{ ?@ig%&;ﬁgg ho@u&en%ggﬁge of
i r

notion of handl e assenbly 70 during norna
10, as descri bed (Y 8l SAwhighdeshown ifFFigure$1 )L &ransh which %ﬁ@le%s@@ﬁ{t}:y e 84

al so i ncludes an ' Lnt o I C Is inserted the stemor s t 107A
of a stop or tab’%ﬂﬁ%eg"g’ééﬁ%%gg&'ﬁ%ﬁ alsprigcludes grircolar pivet regidn gosed
"so that they naytfiat romtatfyriatssoditds cdrreSSorRMhdBRBE S ef%?&ﬁﬁ@Qt(ghe end of

| i

each stem 107A ig spin pressed, for exanple an or jgure 12)
order to secure E‘[%%é‘% latg 84. Alsp shewnsue handletassemblynsstiatiinstabl 6B

osi tioned al on i t.h si gdepl at es. and at | east
Bart ially exter %gﬁﬂ?s?\ﬁﬁo&gg%e‘ g glﬁg/%iios“‘u%ab& °Eh?€%ﬁf¢§6}"aﬂ§® assembly glate
such, stops 107 #P®\aash intlvding mednwasiiyl@dved Pbﬁmlcﬁmﬁfa%?mwe?qobr ggpﬁha

I n_Si tes

becom ng out war di; ' d, frompivot surface cutouts 1

84 due to, for &'gﬁg@eﬁ%ﬁ% 5@&‘@@'%@%!% regien 430 hinghdingra bottom

i nterruption. Rebartionid1 et bries haSAT d ain.to_Figures
6 and 7, shown j,n rgiﬂgure 32 |s gg?hdﬁowﬂ‘gié?gh%‘@%é‘ﬁggs‘@%"? ayides fxo
without a cam fgP? P thereet thexahaet @ rangeDbypotiardofiraraifelasyemitily ¢0RMiring

general ly from tgmmiaps ; ' r to ers 112. Figure 7

depi cts the di spositi oﬂe%?'°ﬁ?glr’nﬂﬁloﬁuﬁs'?ﬁ'ég%@agid?féﬁﬁ'éﬁgagw; A Rhowh o

assenbly 70 wherfiguies #2 anst $3a@ach sidepilateios dise irlhdds s drii 10@'}?&@%@{,
98

In order to proyi r r 5 _March 2004 WO 011
5eT! | Boo/ 01219 ‘ﬁ%eﬁ% tRe SRITBE sHAH$67 A of a stop or tab 107 having a head portion

107B. Stops 107 are configured so that they may be manufactured by a
screw-machining process. The end of each stem 107A is spin pressed, for
example by an orbital i'iveter. in order to secure stops 107 to sideplates 84,
with head portions 1078 positioned along the outer surfaces 84A of the
sideplates and at least partia"y externally overlapping pivot surface cutouts
108. Secured as such, stops 107 prevent pivot regions 104 of handle
assembly 70 from becoming outwardly disengaged from pivot surface cutouts
106 in sideplates 84 due to, for example, outward forces generated during

high current interruption.

Referring now also to Figures 32 and 33, and again to Figures 6 and 7,
shown in Figure 32 is cam housing 62 of crossbar assembly 60 without a cam
follower inserted therein, Disposed 6n and protruding generally from the top
of cam housing 62 are stop members 112. Figure 7 depicts the disposition of
cam housing 62, sideplates 84, and handle assembly 70 when circuit breaker
10 is in the ON disposition. Note that, in order to provide for a normal range



of novenment of handl e assenbly 70 towards an OFF position, actuation tabs
or arns 108 are separated fromthe bottom portion 111 of cut1%%ar5@g'¢£ 110.
The tops of stop nenbers 112 are internally positioned between si E tes
84 adj acent tb“g@t'llﬁ%f’i on tab cutout regions 110 and not farpselfyeH ved
portions 109 of actuation tabs 108. As :uch, stop nenbers 112 are
positioned to abut against .curved portions 109 when handle 24 is attenpted
to be noved cl ockwi se towards an OFF position at a tinme when contacts 52

d 56 and bak maverent of Haddoasic kD ON dj it
(such as when co > I 90 OGRS Anidr Besitdh At il tabm; <

(such as mhen'con&%f@ and5856 atrefl n 0sel _
abut nent (fShﬁwnd:‘gh | mlg%bl%f:ﬁ@ﬁ @@tm@ﬁfﬁrrepomonlmgiwc?@hﬁé%?lﬁc}o
nmovenent of han @ ¥ t noyenment of assenbly

in the cl ockw se dj rg?'?i on (pt h?gﬁgﬁél?ﬂ%éfgaﬁgeénggy mt!oaﬁgrl?@ﬁfﬁ%ﬁﬂ sideplabdsed by
cutout regions 91 ?Q@ﬁ@té@ﬁcwaﬁoemb nmoba@iﬁsmofgr@rth@g%\hg% t hat
circuit breaker py}ﬁé% ’Iﬁb&hﬁ G:Ql;qr&éggqlﬁltlon when I n tact 1 . As
such, a blear indication s %V% IRt Ascvchcstop BEemalners 5A 2hgue not
opened even t houdiositioned peaboCagHhestay ’I_l,}ﬁ-ﬁ eppt ed.. However, in
normel operation, :%gen contacts 52 anQFéSa ca%ﬁfgdboﬁé%%g,g'@?@ﬂ ifrateepted 12
rotate cl ockw se ‘CWFTO Qefarise taveards pnaDFR auﬂtimm@ﬁhe%eﬁ@&ﬁa&g%?pe
such, st

assenbly 70 |s LSS he OFF position. As ,
member's 112 .rot at eesaﬁv\g;/d) r%%nﬁﬂ-c%sggﬁbgisq 33"%?’8%@ reragin i the1 @V dispostiipnn i n

e ons 110 Wi i e p o oD afe 86 BB R e o1,
R_ef err i ng now al % gu{ngergf(%% 'nﬁﬁ?@ﬂf@)" gbtghmu&aﬁeraruﬁm totatiopand! e 24 of
o iy, MUt ol b BSAlg A HHN ot e,
and a base 404 hg\’t‘hﬁff %kaﬁ? @‘Wp" i(ﬂimgl'simfrangae SOROBHInGmAk téﬁabﬁg%/éé)y
Channel s 407 1 nt o ohy aechs 1), Mol e ot ndi-ad Gomiadieaing tat craitgur o
I Fontneman same ety 5. YRt
R ] 2382%@%/%8@98 glgar} contacts 52 and 56 have not opened even though |

an opening operation has been eitlempted. However, in normal operation |

when contacts 52 and 56 can be opened, stop members 112 rotate clockwise

with crossbar assembly 60 (and contact 52) when handle assembly 70 is

moved clockwise towards the OFF position. As such, stop members 112

rotate away from actuation tab cutout regions 110, as shown in Figure 6. This

allows for full movement of actuation tabs 108 within regions 110 which, in

turn, allows handle 24 to move to the OFF position.

handle 24 of circuit breaker 10 which, in the preferred embodiment, is molded
of an insulator material such as plastic. Handle 24 includes a top portion 403,
and a base 404 having a top curvilinear surface 405 and a bottom cavity
region 406. Cavity region 406 includes protrusions 408 that define two
channels 407 into which sides 101A and 1018 of handle platform 101 (Figure
- 31) of handle assembly 70 are inserted (as shown in, for example, Figures 4,
5, and 6) to form an engagement connecting handle 24 to assembly 70. This

Refenfingynewalsﬁcrﬁgures“\szmﬁimm , and 34D, shown is



PCT/IBOO/01219 connecti on enabl es nmanual novement of handle 24 to cause

operating nechanism 38 to change di SpFSiA,E);O?" atshgezgzreing?gr@%ée/r?r%géﬁ)igﬁf?d
imately mdway w thin one channe in ! :

ggf\r,\gélnngr ot?/t}‘éf?wgsdo& is an integrally formed protrusi OE{“’P@,@#@% 48f9 .

(Figure 34D) which, like the rest of hagsdle 24, is prefer?_ aIyI

insul ating material such as plastic which is at |east piardl z‘ - oxi mat el y

conpressi ble. Side 1016 of platform 101 (Figure 31) includes, app
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?nggret 23 liont 0 chaﬁ%ﬁ?%ﬂ'ﬁ‘@ﬁs thQbﬁﬂg@ dtspof;ﬂ@?,\crlaeésdielsg;?g@d %égéﬁg@mﬁslaggq ﬁ|el ghtly
ox it| travekﬁbﬁ?ﬁ‘?ﬁ?““‘é?%??‘ﬂ%&“ﬁ B ‘ﬁ‘é %laé‘f‘@'r‘é(!ﬂ {n thememplany shape so as
ar e Je . . . .
(o et ace. ikl it 4081 gn ko) BELLS IS,
Coatog v thin AR 3ghy i ks tre rent a4, Iprodbly BARLE 1O
- i ‘ m .
Sl Tl ot e tatepatehaldlich &Rl IBRR i aBbasureraldont 411
ddition, the fri _ enge e L
2er {/elsot 0 resist %wmleo%cha mfa)ghgzlaﬂ%rrr]n m’lc E.Pg@@qr g 3"?5“3%9 gégﬁ%ﬂaﬁ% %ny -
B al ternative enaaneh %&gmngﬁ'ﬁéﬂbeﬁ’e outsen T ogpmsoximiatappthecsame sieland
an alternative enbodi nent, a__ _ \ Wptheckame eReiand. |
O 07 it ke 86 epuinbom091dnhich chdorElTFSh oo i 28 o o
"ncl udes a 111t "Befed o chaptal &Oémr@tmsine&ogtwﬂbdefﬂnhé(a@mﬁ%ghﬁgbé‘?@e%%ti?nd

) ; U
nati i t htravele o¥er Rrfigt Brtiﬂﬁé Y‘@ h '1 _the exe_ngpl ary e
tsﬁ[:)sr,nt gﬁt : QPI \;,/VI t r%&ggaj ar in shape R s'g§§)r1§ §1 &S shown; in theexethplary

symetrical to t fmenty protryside 4090 pr&e«eﬂ@trobﬁ?%d @Lsg%gé %&%ﬁ%iﬁ@ﬁ%& an
ooV di nga 1 uns e cavel, WhiRb8dn D1 EHiRG reorisainto ohamroses o7 progsion
cxerplar ervo H6h A ot mksnomet ¥ sl ity R e iy 1
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414, and 1 5 cont 150 B EBI0RARLaDIR AT sarve freantorthetconiictkh Bitiebn 2004

WO 01/ 16987 handle 24 and handle platform 101. in éddition, the frictional engagement of

protrusion 409 with indent 411 serves to resist movement of platform 101
within channels 407, thereby providing a more secure connection between
platform 101 and handle 24. In an alternative embodiment, a protrusion 409
may be disposed in each channael 407, with corresponding indents 411
formed in both of sides 101A and 101B of platform 101.

As shown in Figure 34B, base 404 of handle 24 includes 3 first side

41.0witha£uwilineaﬁopturfave section 405A and terminating with an end
portion 414 which (in the exemplary embodiment) is substantially triangular in |
shape. A second side 416 is somewhat symmetrical to that of first side 410,
except that it terminates with an end portion 418 that is truncated in
comparison to end portion 414, praviding a truncated curvilinear top surface
section 4058. In the exempiary embodiment, end portion 418 is substantially
concave in shape. Truncated end portion 418 cleérly occupies less space
than end portion 414, and is configured so as to not interfere (make contact)
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t hroughout the range of notion of handle 24. In particularws%@%_ﬁgéé'on
418 is configured so as to not interfere with automatic trip g 250
of trip nechawDomwuedd? when circuit breaker 10 is in the CF@C&éE Eﬁition or
during a resetting operation, as shown 3gln Figures 6 and 9, 'ﬁ 6?Pvely.
Referring now also to Figures 35-38, shown In Figure 35 is a curved. handle
slider 424 having an opening 426, a convex top surface 428, and a concave

bottom surface 43GQth L Lyrcuit breaker, 10, slider 424 |s positioned in
a subst Zﬁt ially g\?tgrdlfg%gr%éﬁélgf%}k'?‘gﬁQEF'E)C‘% ‘%"ﬁé‘f%m@ﬂgroy@hmetheggnge)ot t om

f 430 i meadion afthandie 2. lanthrsdingt and | surface 405
of handl e 24. an  hoa Tartathien 874 pahiok A83¢ ORMREP SR 858 Roh,g

partion 403 of handl e
426. As shown in%@%ﬁe '{*E%Utamtlewp Asseankdy 240 af ttipovesHamizmh 40 wHdro@rouft24

are positioned Ibreﬁb&ﬁb%inttﬁe@pf 14 .top portion 403 of handle 24
al so protrudes tprﬂg,uah geni ng 2 g‘?%ﬂ%‘é‘s@!ngl#:regeﬁ'ﬁﬂ\%‘i’fﬁt&ﬂaaslshn\mar,
slider 424 noves'MaTigHEPSD ad Dorespectivate 434 of cover 14 as handle 24 is
rotated through Its range of notion. The overl apping relationship of slider

424 with handl e 24, | f that. (ip the exenpl ary enbodi nent)
openi ng 426 of sli derné}%ﬁg}dé%é\pnghggp Fﬁ‘kﬁs gg'@lﬁ'ﬁ Wi Indrigue, 36 islalouvedvi des
? barri er hWhi chhﬂlﬂf"%ﬁlderﬁlﬁ;#d\mr(ng émﬁpé];zﬂﬁg hnsmcﬁmﬁsﬂsq@éw%r% 22
rom reaching t | rnal  wor Ki of circult breaker . 't '
pur pose, slider %%?’838%%@%anm\f&lmeﬁlmghb@aker thatiddrt424i 15! not

easi |y flex i nwepabitidneddn afudkeini ?\P@ﬁﬁ L der 424 is approximately
. 055 inches thigk of cel cgn t_ﬁrgslrgnﬁ)yp ast E%@F@%hlpWEP&BG&?‘{)WPE!@Wnough
to resist signif SYiitgee 450 Isqptacedson thprofand substaatially ot@rbps Wsgpigar ed

to base 404 of hmwbfehAM ' i e to arc or ride over automatic
trip assenbly 250 of tri E)e %&Hgﬁpé%o n hdje ¢4 pratudas through opening

s T R s S B, .
SR Al
as handle 24 is

rotated through its range of motion. The overlapping relationship of slider 424

with handle 24, along with the fact that (in the exemplan; embodiment)

opening 4286 of slider 424 is smaller than opening 22 of cover 14, provides a

barrier which helps to prevent foreign items entered into opening 22 from

reaching the internal workings of circuit breaker 10. For this purpose, slider

424 preferably Is thick enough such that It will not easily flex inward. In a

preferred embodiment, slider 424 is approximately .055 inches thick of celcon

thermoplasticrraterial; Although thick enough to resist significant inward flex
slider 424 is relatively thin compared to base 404 of handle 24, and is thin

enough to arc or ride over automatic trip assembly 250 of trip mechanism 40
without interference (as can be seen in Figure 3).

~ As handle 24 is rotated through its range of motion, top surface 428 of
slider 424 makes contact with bottom surface 434 of cover 14 along arches
436 thereof. This contact reduces the chances of separation that could
compromise the barrier protection described above, As best shown in Figure



WO 01/ 16987 37 PCT/1B00/ 01219 38, base 404 includes grooves 438 that extend

al ong the side edges of top surface 405 fromend portion 41[% I\ﬁ%’r ﬁgﬁ
portion 418. As top surface 428 of slider 424 nakes contact W i %‘hes
436 of cover W@0/HPHUghout the range of notion of handle %ﬁmﬁ[}ahﬁz&ont act
causes a slight deflection of the side3dges’ of slider 424 into grooves
438. This deflection reduces the friction between slider 424 and bottom
surface 434 of cover 14, enabling handle 24 to snoothly rotate through Its

range of notion.. b 4 e e, a, thicker sljder 424 to be
| npl ement ed t han agfhiﬁm#%eg‘\%g@l\égﬁé%&%&s{%lw Grtend ﬁﬁangﬁge fidgiadgep af top
constraints of cisudace 400 fraiveendLportiondi1ago ehe p%Hidi‘lQHBVTDA@top" ﬁ‘?ﬁfaﬁ%g&h &0
inward flex and tsﬁm?&r ovidi ngo nhanced barrier protection. Tn <0
exenpl ary enbodi nent, arna%‘@&s Jg%cté(‘f'@' %{Ebﬁ)%%f@%ﬁr.TéabrdughhﬂSthdﬁiﬁigze &
addi tion to havi nmtientof Has@Ed. 811 Bk &hsé&%s!i@ﬁf@ﬁ@%ﬁgﬁgf@,%”%éed@;

i ncl udes a cut-ava%/, section 440 near one corner
best shown in Fi §i#ler 4dhinip granes 488. Stiswdefiettibh geditetThe ?ﬁ&ibgggﬁveeﬁlem hon

440 provides cle f ) 5 0f, push-to-trip actuator
particularly Meﬂfﬁggﬁiaﬁaﬁgéhg&rﬁ e’i‘£34| ‘#Sctol‘f@" &Fer!ﬁbbm)bandleﬂMo during a

resetting oper at $0acthisrotdts threhgiMits irsnd kD, ' L0 caujunction
SR g oo AL obpEH AN 3.

with cut-away s Lon. 44Q_i utout 238 of button
to provide  cl ea{ﬁﬁ’i‘%g%ggﬂﬁ%@e implemerded Hhanwtherisowohllbe poi@neRio"

noti on of handl ethedight £pHcel kGl | v .| ar sp that top portion
25A of button 25 calg be dta&p?rnégggl?%f#@i@ﬁ%aﬁRgrr{agﬁ'gﬁg'é§@‘i’ﬂfé“@ﬁ slider

424 within cut oUESBRRt to Inwasd ex acd s RIS ektsinices b&ﬁ:@%@&ﬁdﬂmhe
section 440 of hardl %%mwﬁ% te in ofder to prevent interference
bet ween push-to-tri Jﬁ% tuat o HONEFS 7L A8 ApPrimateho03p dnalies daépand
slider 424. Referri n?n now to Figures 39 and 40, and again to Figure 2,-
particular attenti ot pddition bzhaving a tnzapsoénd Borsh Wa BN AR £4lds cover

14 of circuit . se 12 ILs shown having a top region @ .eally
desi gnated 120, kf4§ﬁé§8§%s\}gﬁ u?%vgg SQHQR%E‘F%O?WQP@ enenof erebpatiorydngrad | y

desi gnat ed 122. bespshaveyindfigire@ 3ufA Has84H2 A - i ortions 124
that mate wth sggﬁgnefw&%iv% cut - anay ?)Iré ﬁgﬁgﬂﬁﬁgﬂrﬁg‘%ﬁﬁ%ﬂ’% bottom °

region 122 of ides clearance for button 25 of push-to-trip actuator 230,
particularly when circuit breaker 10 is in the OFF disposition or during a

resetting operation. As also shown in Figure 15, working in conjunction with
cgt—-away section 440 is cutout 238 of button 25 which is positioned to provide
clearance for slider 424 (not shown) throughout the range of motion of handle
24, ‘Cutout 238 is sufficiently large so that top portion 25A of button 25 can
be depressed notwithstanding the presence of slider 424 within cutout 238,
As such, cutout 238 of button 25 and cut-away section 440 of handie 24

cooperateinorderto prevent interference between push-to-trip actuator 230
“and the combination of handle 24 and slider 424,

Referring now to Figures 39 and 40, and again to Figure 2, particular
attention is directed to the profile between base 12 and cover 14 of circuit
breaker 10. Base 12 is shown having a top region generally designated 120,
and cover 14 is shown having a bottom region generally designated 122. Top
region 120 of base 12 includes raised portions 124 that mate with

corresponding cut-away or recessed portions 126 in bottom region 122 of
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cross-sectional view of Figure 40 taken along the |line 40- | e 1,
when cover 14 |s connected to base 12, appropriate attachiﬁgh%%9F2@§{128
(conprising n¥QRLAHE screws in the exenplary enbodi ment) aiqpangibed into
hol es or openings 16 (Figure 2) in cow8r 14 above recessed portions 126
and enter corresponding holes or openings 18 in raised portions 124 of
base 12. Attachi ng devices' 128 are selected so that, upon full Insertion,

the bottons ther emiveddd npk shpmliaftd i I etra base. 12
bel ow I ts raised portions 124. As su%ﬁ%%{%slssgecﬁr%r&%t"#%ggr'BHF‘?g n along

conserves space WIEHN® 4010 ofFFigutect wheh doase14 & coﬁm%bﬁa'@lﬁofﬁakéqgi ng devices
128 do not interf | .. nter.nal rkings. therein. The di nensi ons of
rai sed portions 1%?%#1”(?&?8{5%@%‘15\9?% ﬁ@(@?@%méﬂ@@mtémwewmﬂw
attaching devi ceSXemplarpentuuinbnd BRSINBENE Il Roks oPLENRLETR (EeEpLi | Nt 0

ro

ase 12 so as to vipe a sufficiently strong connec 12
b e t ff | bike
and cover 14. |nohg" Ekahpieferessashonrionn 126 and entengorrdsptraty ﬁ&gs@Ee

I nto

approxi mately 1 lopeRini i oxi.mat el I/2 I'nc
rgPsed porti)c/)ns ggléggg Qgg%@?fgeaﬂgd@ﬁgag&?’tgﬁg‘ggéeﬁggg}ﬁﬂa)&&w@ﬁi1B§@rabove,
attachi ng device $5 oat, dpoa fabimsertiog, ther and
cover 14. Referr';frgga" ' ORIt HEn ey?@’g’%g@&%&%ﬁ%

to Fi 41, attachi
exenpl ary enbodi ment ﬁi@é{"‘e@]ﬁﬂiﬁm%ﬁ 8g{oewgitsara,;%drpamc I n91241323' socihithisi ng a
ti windunting hrafdgdmé t ' - gri ppi
(non- t hreaded) portion Tgﬁ_gand"?%‘r?#ﬁﬁ%a??ﬁﬁfég'éﬁg)ﬂ“%h%ﬁs%?Eg%é'13p' "
Attaching devi c oWgteRy atigching Jayines 128donotdsterfbrecwitie theeintekdf) WéiRinggWhen

por ] on 136 of N na e ehnentins 6P Aickhions LA g mobssed neoe 125

el astomeri ¢ wash@ie gelected so teat a&baeﬁipgaieyiceﬁhﬂdicﬁﬁﬁfoheﬂ@ieést el'mraibeaamt her

conpressi bl e devllﬂﬁciéwpﬁ‘ S ri 9 . In the cross-sectl orPa Vi ew of

Fi gure 40, at'tafbl ng devi ce'@%g gg" gﬁdﬁ%ﬁ%‘éﬂ%ﬂé@ffmﬂymmmmmtmn

openi ng 16 (Fig ﬂ%eg?{bgs;g?ﬁngn%fggﬂ. fP6hE BRAMPIaRPeMBE Rt Std R SC 12
IcES 128 are approximately 1 inch in length and penetrate approximately

- 1/2 inch Into raised portions 124 of base 12.

As shown in Figure 40 and described above, attaching devices 128
provide a mounting arrangement between base 12 and cover 14. Referring
now also to Figure 41, attaching device 128 of the exemplary embodiment is
shown including a main member 132 comprising a mounting screw with a
head 134 and a body separated into a non-gripping {non-threaded) portion
136 and a gripping (threaded) portion 138. Attaching device 128 also

includes-a-compressible member 140 that (when fully assembiled) is adjacent
to head 134 and engaged by non-threaded portion 136 of mounting screw
132. Compressible member 140 may be an elastomeric washer (asinthe
exemplary embodiment), or it may be another compressible device such as a
spring. In the cross-sectional view of Figure 40, attaching device 128 is
shown assembled and inserted into opening 16 (Figure 2) in cover 14 and
corresponding opening 18 in base 12. Figure 40 shows gripping portion 138
extending into and attaching with base 12, non-gripping portion 136 extending



extending Into and at t achi ng with base 12, non-gripping portion 136
extending 15 March 2004 WO 01/16987 PCTII1300/01219 39 thr@t@%@gg@g 14,
and head 134 providing a stop for limting the possible separati t ween
base 12 and cHPN19E7 Conpressibl e nember 140 is shown i n prTRBSIGIEN

bet ween head 134 and a top surface of ciwver 14. In this nounting
arrangenent, the conpressibility of nmenber 140 permts base 12 and cover
14 to tenporarily and substantially instantaneously separate a small

di stance when pr ébiugh aevelHpmdhdda ' i ; uch as .due to
the generation of ase%séf)p uring hi gréacﬁf%ﬁtgwiﬂr%%rgﬁgﬁ%’ﬁﬁf@gﬁ?ﬂﬁs‘@?
contacts 52 and ar cdupeit basoie and sgvemtt.i Qompfeasibldrienitan 12838 12

and cover 14 all akewh t e vented, providing a pressure
rel ease that protect s‘h?ﬁget?d;éﬂoﬁ'ct%ﬁ?’g%?ﬁ%?‘igp?@d@fw(?isﬁ‘ﬁfa?@ obgavek d44. 10this
e uppar L Meitbor s 150 Ape, LoOh o cofaestify ofemA 0 Bafuthex 18 Wi ¢
base 12 and cove(r%lrn 510 %ngpoltf”mﬁ’é"l"ﬁlﬂégd§Pﬁﬂmtfwlﬂaﬂammbbnslyw;';mt@ée
formed sl ots 154Ammfidistaids w ' ' : l.ch depicts a top view
of base 12 withoyt,co onen‘{vgé? E};&r%\é?rn%@%\E@m%\ﬁﬂﬁgfggmg&%,ﬁgrnmﬂéﬁ!’a%d@%ves
or channels 156 }‘E?c@ter@f@@fmeaaumgam @mvmemjpt@hqagﬁkﬁ%#w
2

adj acent to sl ot god@el or-ard on the outer surfaces 1

si dewal | s 152. Basg %sa'ﬁb %idqus@cﬂﬂﬁ%@%% ipn F@@Eé@%mt@iasefbﬁtwem basé hg t op
of sidewal | s 15a8nd coveri4ldlawscthe deneRitse !séssto]tfév ) of which is
vi ewabl e in Fi gu‘:ei%a}? V\gt hgeg: wWhi ?ﬁ are fg,?me'd s oté’ﬂ%zfg&gﬁﬁgﬁ%@swﬁ%h
align with slots DALPreRacks thestiisturaliategrityoof dimsit bieakeheo, cover 14 i s
positioned on top of base 12. Sidewalls 153 al so include grooves or

channel s -t hat - ar e- sRefetring fow Wﬁ@ﬂﬁés’stlzl,??, gggb‘%ﬁ ﬁ%?@ﬁeiéé 3%280 "t

menber 150A i ncl es a pair of shoul ders
connection wal | N A% LPePHdBeMbers 1Hi0Ayandd $608 ohtirquitbredkdrei@th as shown

coniee A4A f . | mbodi
o Do e o upeash 9 AERR Bonk9 50 dbunls e,

al so i ncludes an gpenin

extends upwar di YWHiRR Grevrmedsints $5d@nt 18580eAs ShdiRir FBLRARP whithRpfcts”

shoul ders or supPRIpvidi B¥Bade §2 wahd, oocnqgcr)]ﬁecﬁté ?hrt]argilg! slsldéwaﬂs 152 also'include

grooves or channels 156 adjacent to slots 154A, and grooves or channels
157 adjacent to slots 155A, both formed on the outer surfaces 152A of |
sidewalls 152. Base 12 also includes smalf recesses 21A formed in the top of
sidewalls 152. Cover 14 includes sidewalls 153 (only one of which is
viewab!e in Figure 42) within which are formed slots 154B and 1558 which
align with slots 154A and 155A, respectively, of base 12 when cover 14 is
positioned on top of base 12. Sidewalls 153 also include grooves or channels

that-are-similarto-channels156-and 157 of base 12,

Support member 150A includes a pair of shoulders or support wings
158 and a connection wall 160 therebetween, forming essentially an i-beam
as shown in Figures 44A and 448, Support member 150A of the exemplary
embodiment also includes an opening 159 and a cutout region 161 that
substantially extends upwardly into wall 160. Support member 150B includes
a pair of shoulders or support wings 162 and a connection wall 163

therebetween, also forming essentially an I-beam as shown in Figures 45A,



t her ebetween, also formng essentially an |-beamas shown in Figures 45A 1
5 March 2004 WO 01/ 16987 PCT/1BQ0/ 01219 40 458, and 45C. Inﬂﬂg gﬁ%@%ary
enbodi nment , V\% I0 égg i ncludes an elongated integral housing 1 A NAVT g an
upwardly exte i%4%8Ut out region 165. In use, as shown in Bogus@dfiy

support nmenber 150A is inserted into silots 154A of base 12 whereby

shoul ders 158 engage grooves 156. In this position, connection wall 160 is
di sposed internalAﬁla"withi n the body of base 12 and generally perpendicul ar

to sideval I's 152.43t ané|48G. oin the exbmptiri embotingsmakall ¢Wﬁﬁﬂﬂ%§%npél%®e{tggit

breaker 10, supp . | s, di sposed between arc extinguis
assenbly 34 and gflfgtgpﬁnorﬁpggmégg@mvy‘ Hpwaidly extenging eytoubregiah 18t . | n
that position, the clearance provided by cutout region 161 facilitates the

transfer of arcs (credtase,ns mrﬁiﬂtFi%thgfﬁngg%t%ﬂe@%n@h%f |1§B%A{/g?ei"ég%®‘ﬂ”£; Ses

extingui sher assg %x %4 i.n order to .

as a barrier for Eﬁl 08 i°ﬁ§a§%é2 vriesebiashanddears 158 eafage grodives 68k thid O

(those conponent pokitioh! i r, 15 as .viewed In Figure

46) from arcing Zlar?d/ 8r hﬁjod[n%%g%"e)gv? h l{'ﬁ? 3%{"35@%%)"%‘9[%%%&1’@6" heshodyofihase 12

novabl e contact &Pfhdsoerally perddridicuartto rsaenalle 15RY FEMRIOBIHE oiﬁeﬁr&tgﬁ\%r ed
A

range of notion. , ' . pr.ovi des earance for upper arc run

(Figure 3) of arc cﬁgb gﬁié?%gwﬁbﬁeéﬁ?rn&rsﬂ@ﬂmﬁ manghar1504Hs dispoabd betsamn i n

Figure 46, suppopgtc extinaalshébassdmshi I A.of base 12

wher eby shoul der?rr&%ajr&n{ﬁa?e groovgsm%y%&sr%s@%ﬂgeﬁbg%égi? the-exgmrlay 63 i s
n

di sposed | nterna A that pesifionsthe sleararegmdvided by catdut régleongaqi cul ar
breaker 10, ~supprr) TEleS IR e oris RrE8tn bcohBthsetirahono orc e y 32
and si depl at es Sﬂfﬁ"ﬁ extiagshendssembhndb i ¢rask to Be{idiséibéﬁedgg,ﬁhé {Ngﬂ,.lgsut out
region 165 prowg&%ghggr@@ l,ff0'rlﬁ:’(rsro\/tabltﬁ contact arm .50 to nov
t hroughout its rgﬁw red range or PIBEhe theintemat warkings«if sijcuibbireaker v@s t o
fill vacant spachdse coraporintd tomhkastt 8 SRR ' | at e and
works with the rgg)t of V\(l@“ 1%3 to act as ar%ma%ﬁbg???@r‘gg&!ﬁ%ﬁp%@qrﬁe
i nternal wor ki ng&odfoR BFeing angfor hrtgases. Guitoggegiondéi atésehsurb§thati ght of
movable contact arm 50 has sufficient room to move throughout its required
range of motion. Opening 159 provides clearance for upper arc runner 48A

(Flgure 3) of arc chute 46 which is inserted therethrough.

As also shown in Figure 46, support member 1508B is inserted into
slots 155A of base 12 whereby shoulders 162 engage grooves 157, As such
connection wall 163 is disposed internally within the body of base 12 and
generally perpendicular to sidewalls 152. in relation to the other internal

components of circuit breaker 10, support member 150B is disposed between

+

stot motor assembly 32 and sideplates 84 in the exemplary embodiment. In
that position, cutout region 165 provides clearance for movable contact arm
50 to move throughout its required range of motion. Elongated housing 164
serves to fill vacant space between slot motor assembly 32 and sideplates 84,
and works with the rest of wall 163 to act as a barrier for protecting the
internal workings of circuit breaker 10 (those components to the right of

support member 150B as viewed in Figure 46) from arcing and/or hot gases
potentially created by contact separation.



support nenber 1508 as viewed in Figure 46) fromarcing and/ or hot gases
potentially created by contact separation. 1 5 March 2004 WQSQk%%ﬁ?ﬁ&44l
PCT/ 1 S00/ 01219 Cover 14 is then placed on top of base 12, whereby e tops
of support nEEEI50A and 150B are Inserted into slots 4R4Beafig.355B
respectively, and shoulders 158 and 168 engage their respective grooves,
as shown in Figure 1. D sposed as such, the |-beam nature of each of
_support menbers | 50A and 150B prevents or |limts further separation of

sidewal | s 152 and 153 Calee 14ds tHek i, dup of pressure
) 2eeke 12 GRS,

within circuit br glﬁ 1 resulting fromthe gener PPoIg
hi gh current int e'ﬁr ughso%%ﬁ%ffﬁ@ ére beatted into SRt BHEE)d 1558,%@%(5&@@@
red of

shoul ders 158 andntitshoald Lipat.el kensi oned and manuf act
suitable material_so as to qﬁ%ﬁ?ébg&g‘ﬁéﬁ“ﬁ?ft‘?@?%‘%&@(s&ma\fﬁ;. aseBowmiral so

al | ow venting of F&QYeditDispesatkas sudh, ek ' | eased. Upon
g shain PIBRAE OF Ba Pl Qpobf! GARTL P

a particular thr I ure wWithin circuit breaker 10, ®dges
of shoul ders 158q§E§ a?‘é'z%ﬁﬁ'r‘?demé‘ﬂfémfﬁiutylﬁr\ﬁ@para(tiqu sidewalié H52 6RQQ%8S)

to *provide.th i suede circumstappéd =Y 1548, 155A, and
1558, while at tg.:?eﬁ uitarre ti e r?a%ﬁaﬁ?%gmg?lgg&gpﬂegé@gf‘%c‘i% hyeakgr Hear

a constant separ Wgofr%é'meeneraﬁ@j Qfghﬂesduriugnﬁg}ccd"ﬁéhtwb}r&?tﬂogo and 163
cuch venting thi oueh the eriadCBRERUIRET I adlifor ShatisPasiaencbren e

such venting through the slots no

portions in the §Pléf99ﬂat&bﬂﬂlitﬁemimhedmdhﬁélﬂ:fécﬁui@d%fiéaﬁgblg%ﬁgrg@isg%% tg]} b
ase

(Figure 1) which at _the nterface between reces
12 and the botto?nﬁéo e%ﬁé@%&ﬁme@%&ﬁ@ﬁ apd\160B 19 alsgpallivngentdg dickesal |

enough and appr opreabier! y wherdbyqy Lpserfion of foreign itens
therein is substantiall _fgre,verjt g?"%e??\gggﬁ'-e?%‘fs@fi%Ptna-wlﬂfég@smgm and
-150B are inple ﬁ?%‘ﬂ'ei‘%t elreuitrapkerr, thebouteredges of shaiil an@fesuch

support mechani Swingray | oyed. Furthernore, the exact
pl ggerrént of one or. m?gﬂgﬂ%ﬁgﬁgﬁ%aﬁmﬁgﬁ%g&?m@ torrevide thig oubwaed i nent al | y
establ i shed vi a YGFENGHUPYSN slots 1544, 1548, 465A] sh@NE5E WihikeatiAs SaRlgSOVEr Of
a particular ci I’rﬁéihfaimﬁggm(” L9 gne : ' me

; : alls 152 and 153 at or near a constant separation distance.

The width of connection walls 160 and 163 near shoulders 158 and 162,
respectively, are selected so as to permit such venting through the slots
notwithstanding the presence of those portions in the slots. Additional
venting is provided by openings 21 (Figure 1) which are formed at the
interface between recesses 21A of base 12 and the bottom of sidewalls 153
of cover 14, Openings 21 are small enough and appropriately configured so

that insertion of foreign items therein is substantially prevented.

AlfhoughMesupportmembers“lﬁGA and 150B are implemented in the
exemplary embodiment, other numbers of such support mechanisms may, of
course, be employed. Furth_ermore, the exact placement of one or more such
support members js preferably experimentally established via the analysis of
stress conditions in the base and cover of a particular circuit breaker. In one
embodiment, support members 150A and 1508 are formed of molded
material comprising quantum 8800 (60% glass reinforced).

"Now referring to Figures 47A and 47B, shown is an insulation barrier or



embodi nent, support nembers 150A and 150E are fornmed of nolded nateri al

conpri sing quantum 8800 (60% gl ass reinforced). Now referri qg\% q?%lges
47A and 47B, %gown is an insulation barrier or 15 March 2004 8 87
1

PCT/ 1 BOO 01219 481%4¥ | ect or 500 of the present invention. Petkepiogfe Or
shield 600 includes a vertical wall 5@2 having sides with channels or
grooves 504. Integrally connected to wall 502 is a shoul der 506 on whi.ch
is formed a rounded cap 508. An opening 509 is forned in the top of Cap

508, and an opendefleddds0Gof the'p nEev{enﬁor’r’.nﬁ%ﬁ%tiﬁgreg%&%%a%@hg%l@éga%ctor

formng a cylindrical cavi tg/ there ween.
500 is | ntegral | YeRigaluall 832 bavingheides séth ghiannblsormiéids 04, R, FGfer ring
al so to Figures a side efevatgl onal view

r?é?ﬁqs .in Figure 48 |s

of the internal éé;g;rrponedﬁ?ysw%rg%ﬂs&?@"g#% on whightis fumedracrouaded egpi sher
assenbly 34. Li neU8.eAmapehingB09ds fmed i . f- retaining.
collar 295. In F‘jggrg\rgA , g%ﬁlﬁg_ctor SOdﬁ?Qé]gﬁ%gv\ﬂcaggssq%f?ghgg NG SRSt ar
295, with cap 50 ﬁt"bﬁ‘ed#" de el ehauldersiteforntiyy s egindrikat chpiew 488 nay
at | east be partthatdhetly r e i t hi nj 1 Vertical wall 502 of
defl ector 500 i s positi gﬁgdhyg%ﬁg%@@géeggC@nggﬂs Integrally-moldedrafia v .
faces arc exti HQQFBWPMQMtwiQA. Referring also now to Figure 50, shown

is deflector 500 in rel'ation to base 12 and cover 14 (the other circuit
295, not shown for the sake of

breaker conponents, | L | ar ot

clarity). Vhen def| %c%':r’ *%8‘55““9?4%%@%&5@& ang 49, shownria Figure d8as ersided, | t

is vertically slalevationsl Hewef i inteehaltddat .

vertical l y-exterbq&@@ﬂg of r usi B’S 514 whi cpkig%?fey orir'rérlgalgbgn ?Fq’ﬁﬁ\ﬂ@f’m@{ﬁfaces
152B of si dewiell | ;a L 'E‘“s’eae‘;fzsg frlliﬁ-g'uiné tgm)rnama'i_s shnyagngmebteil?zguhsgegmtialb : y

prevents any | atreftiin Rriegge t t ase , 12, and enabl es
vertical wall 502 to gérg?'erl;d sutl)sfgrl#lé g§1 @ef{)eg‘%eﬁﬁﬁﬁﬁﬁ%‘wPOS'B@'B%Q'EHOVG

si dlevvaISIIZ 152 oPgwé’e‘?ﬁyf%qancﬁﬂa thfpplgxfmdnmferihg 30!9@96& Sudﬁé tAhf é&lﬁﬁﬁf or

rails are, aBSGRAY 58 [t si.fioned in base 12 so at a

fully inserted defl ector e@%@’%{%é@dﬁ#@cgmté'ﬁéﬂ’%’lg@%s‘&!’b@alt\mlt5@ obl | ar

_ deﬂegtor 500 is positioned along the side of collar 295 that normally. faces arc
extinguisher assembly 34,

Referring also now to Figure 50, shown is deflector 500 in relation to
base 12 and cover 14 (the other circuit breaker components, including collar -
295, not shown for the sake of clarity). When deflector 500 Is implemented
within circuit breaker 10, it is vertically slid into base 12 such that grooves 504
engage vertically-extending protrusions 514 which are formed on the inner
surfaces 1528 of sidewalls 152 (see also Figure 43). This engagement
substantially prevents any latera| movemem_af_deﬂector_‘éOOJelativeJcebase

12, and enables vertical wall 502 to extend substantially perpendicularly
between sidewalls 152 of base 12 without any gaps near its edges.
Protrusions or rails 514 are, of course, appropriately positioned in base 12 so
that a fully inserted deflector 500 is properly aligned with respect to the collar
295 that is connected to line terminal 29. When cover 14 is secured to base
12, portions of cover 14 are positioned close to and above the top of cap 508
whereby vertical movement of deflector 500 relative to base 12 is also
substantially prevented. In addition, one of holes 20 of cover 14 aligns with



295 that is connected to line termnal 29. When cover 14 is secured to base

12, portions of cover 14 are positioned close to and above ngemérgﬁ 8(11;4 cap

508 whereby ‘Xfﬁroﬁﬁcfg novenent of deflector 500 relative to base 3 s al so

substantially prevented. In addition, one of holes 20 of cacensddiabi gns

w th WO 01/16987 43 15 March 2004 PCT/ 14300/ 01219 opening 509 of deflector

500, thereby enabling a tool such as a screwdriver to be externally

i nserted into th(eﬂp%gyi té}g()f cap 508 and to appropriately manipul ate screw

488 (Figure 29) 519 &9 ofatefientor500] theratyi I he ..
YooY 2ol SH8LER A deeivns to

connection. of [i Lpal 29 to an external
descri bed above vq\}%t%ﬁ%mgw @ﬁ??‘?‘&)?r@%ﬁlﬁcq\@yQﬁéﬂpéﬂﬂ@md&ﬁﬁppwpﬁgfecges an

I nsul ati on barri enaripulatf ceel 488! (¥ | ar 295 from arcing
and/ or hot gases that may be il 'zgtg ééééﬁﬁfltﬁaﬂa‘gﬁéc'ﬂic’[r‘:?'?)'?t@é!GBFeﬂl@',!oosen
particularly duffhgonnacten opinetenminahlg o anrextmhal.coRaligbf i Ng now to
Fi gures 51-54, shown is an exanple of a conventional multi-wire |lug

assenbly 360 that nmaypBsi; saccessory. . far circuit breaker 10 to
enabl e nore than one congﬂﬁ?eﬁf’%e}'bt%g a@’é"’?&ﬁ%ﬁﬂf@ﬁé&r@aw d0gtiefiotioresdy y

360 includ b BERYides mnInsatiom barrir i i : ' tep-1ik
o e o o et e profetting YN AL oD AP B

f ashi on t her eon. 36 | so

protrudes an app?@%@?g&ﬁ%ﬁe@ghgﬁ ’BﬁYbG gepfraied withipircuib brea%6610 hedrtidarly
insertable Into i intsrdiptibAlof ARMUUMENRS | N base. 12 (see Figure 1) and
securable to load termnal 28 of “circuit breaker 10 via a securenent

devi ce such as self-r tfai ning collar 295. Also shown is a lug insulator 370
of the present Inve t?8”'."9I'?@ﬁFaniﬂHr@ﬁﬂ-ﬁﬁ(ShMBisanrmdamﬁI@dya372 formed of

t bst anti al fi WSy ' |1 376 (Fi 52
ther ebetween. a@;ﬁg‘?t"?*df' P w0 St 360 1 mev 8 uaea B avcegsary
r

| ocking strap o Hﬂi%ea@friﬂ:bmbﬁa?&pm thantore d@lﬁ%ﬁ?iinét]&?e F&héd 379 and
a horizontal barthé@hrol) ﬁrﬁg,‘g% @rhgf Qrggg an opening 380 that IS
appropriately di ze-d-(élgyﬁ " con rﬁg rod Ingpdes, bedy A2 wiithoplaeadityoof 1866364 | ug
assenbl y 360 t heare@nged imstep-likedashidd thdrbsh.U r Lion 382, a
front portion 3%ﬂ%oi n t.&(‘a exenpl ary e‘ﬁg%ec!ﬁbnlgﬁ%tee az% ﬁﬁﬁ‘g?ﬁglﬁﬂ%
di sposed protrusi on 384 T‘é?ﬂ' Bfodrudes an appropriately configured connector portion

366 that is insertable Into load conductor opening 26 in base 12 (see Figure

1) and securable to load terminal 28 of circuit breaker 10 via a securement

device such as self-retaining collar 295. Also shown is a lug insulator 370 of

the present invention. Insulator 370 includes a main body 372 formed of two
substantially parallel plates 374 with a wall 376 (Figure 52) therebetween.
Near its front, insulator 370 also includes an integral locking strap or locking
structure 378 with two vertical side bars 379 and a horizontal bar 381
therebetween forming an opening 380 that is appropriately sized and

configured for insertion of connector 368 of lug assembly 360 therein. Each
plate 374 includes a tapered portion 382, a front portion 383, and, in the
exemplary embodiment, an internally disposed protrusion 384 (only one is

shown). In a preferred embodiment, insulator 370 is comprised of
thermoplastic materiat.

As shown in Figure 53, before connection to a circuit breaker, lug
assembly 360 may advantageously be assembled to lug insulator 370, with



shown). In a preferred enbodi nent, insulator 370 is conprised of

thernopl astic material. As shown in Figure 63, before conneq%ir@%ﬂ,cﬁ% §4

circuit breakﬁfo’uxhﬁbg assenbly 360 may advant ageously be asse ed P | ug

i nsul ator 370, Wt {0 01/16987 44 15 March 2004 PCT/ XB0O/ XIiI80dmazky 362

pl aced between plates 374 and connect or44366 inserted through opening 380

of locking strap 378 until .front wall 365 contacts bars 379 and bar 381 of

| ocki ng strap 3785q osi tioned as such, a top surface 363 of lug assenbly
t

360 abut i S2oplacadbalv lates B 4 '
abuts agai ns epn plates MSn&%nﬁéct@ﬁ@é@@sgﬁ%d %@é@m N

abut nent, - al ong Wi 4dx: 76 (Figure_52) of insulator 37
bar 381 of | ocKki \r,16 sfﬁrﬁ%é%%féoc rt 868 Hatilgrant wall 365 apntaxsebinsy3 7866hd 0 | ug

i nsul ator 370 andaridédaflockhtdies! ' between. After the
af or enent i oned asse%&ﬁ con?ec@grs@gga%sﬁﬁqn%g éegs]%ﬁbg OB gYrTans 363 efHuge
inserted, in nor PRGN AbUth egainstitie bottdmstafiproturioRU3RPof flafiass4l2 of

circuit breaker i , ' Lgur ) =and cured to | oad termhal 28
via a securerren'gi[:;l é%ﬁ“c?ﬁ@%ﬁd’@sﬁ@g\”ﬁEF”%@'Q&’%%EM@W@m 3@ and hbetoritapnt
portions 383 of DErabeof BEkinglstrap 398] s51ies r e. 12,
provi di ng enhanﬁﬁg}%@d é'tg?/p}e;:éﬁ he qo?ﬁe{g EE?@%&LQ%‘%%%@W%&@ lug
secured to | oad nal PR vartigal sepanation tharebetween! ader@pd cannot
be separately, aforenedtid hg, cont act , bet ween | ocki ng
strap 378 thereof and .fl rﬁoérdlﬂtésﬁg@@één@&?tgaéagﬁlgﬂﬁsﬁe@gw3q_q.1'aal/ﬁ!ﬁn beor
370 provides el eltSMted, ininegmalfashion finto lwdbbnﬂﬁdt@rép&l%gﬁ‘ﬁﬁ?rmé%e f@gf Vi | e
providing this pgpdftlky i1 hi on, Lug insul ator 37 nonet hel ess

provi des easy access 10 %ﬂgs (éé% B‘F’"IIQJE' & efthagd sewured to loadrteimsinab28 via

t apered porti onsa3eguremenk devise 8dch £9Lbl hk fhauratian of
| ugs 364 so that Y njent,access jis pgg\g}ggggéﬁggbg).l ﬁloﬁeg@_aiﬁ'on PQ'%OHS

Al t hough- t he- pr e?éé’ﬁe@?teﬁ%&i ffiwﬁ?%'nsft%emaémﬁadasmmsqnzh Vit

descri bed w th aemtericad 3tabg f kil ar i var i changes to form
and detail nay be made wi tﬁ%gﬁhge‘%ﬁ?ﬁﬁr@gf@éﬁ me&%‘?&% s sacuredse legd t he
invention as hePENRAT 23ringylatord a0 is tocked in place and cannot be separately

removed (pulled away) due to the contact between locking strap 378 thereéf
and front wall 365 of lug assembly 360.

Lug insulatqr 370 provides electrical insulatio.n for multi-wire lug
assembly 360. While providing this protective.insul‘ation. lug insulator 370
nonetheless provides easy access to lugs 364 of lug assembly 360. In
particular, tapered portions 382 of plates 374 follow the step-like configuration
of lugs 364 so that convenient access is provided for all lugs.

Althoughihe—preferfvedﬂambodiment*oﬂhewésent invention has been
described with a certain degree of particularity, various changes to form and

detail may be made without departing from the spirit and scope of the invention
as herelnafter claimed.,



15 March 2004 45 CLAIMS: 1. Acircuit interrupter which conprises an
operating nmechanism interconnected with separable min cont&c@gr 'zwujbn a
housi ng, said operating mechanismincluding a cradle for rotati ﬁéﬂ m a
first position to a' second potion in the event of a tripping operation,
said cradle having an aperture with a smaller cutout portion adjacent to
and opening into a larger cutout portion, along with a pivot pin, also

di sposed wi thin the housing, which hagza cross-sectional dianmeter sized to
enable said pin to be inserted through said |arger cutout portion and slid
into seated engagenent with said smaller cutout portion. 2. Awcircuit

i nterrupteaggsording to claiml, wherein the pivot pin includes two

shoul ders defining a stepped-inward portion that is seated within the

smal | er cutout portion. 3. Acircuit breaker according to claim2, wherein
t he stepped-inyard por i} ik ity d m ‘al.ong the length of the
pivot pin, 4. A ci r?ui_%lﬂcgﬁt é¢t§ﬁg@§¢ Q@@@ré‘{aﬁg’\(}?é c%ﬂgi %P?[r,a;n%r ChaREMei n

t he pi vot NHrFOMIgsted: withe sepanableatradin y cantacte d withinhian Holusinh o Ussiich goperating
circuit bprekeisrd i ‘ [ Q ejn-the pivat pipis
rotatably seated m&@g%ﬂlit@gﬂaﬁlﬁﬁ%&e{ F%pr\%ﬁéngoc %%cmnﬁ px??'@’él’!bﬁ"e

accor di ngeY& ef atripping qpesationnsait eragleviaving an aperiuce witablsynalldi ajiosedrtisint hi n

t he housi 8gaceh i jirk i t 2of clains 1 to 6,

wher ei n tﬁ% ,opé;ﬁ?@ngﬁé”#i?clﬁ%ﬁ%gﬁeé%%ﬁ g%rgg%i ag%nﬁwn%h %BBP@‘?‘H’gaI%O di5P938d  or ce
upon t he WiBR|the hausing, avhish has agrossdectianal diamstersivekido eaablendiid pin towent ai n
t he seati pgerdd i by | h i &b ortion. 15 rch 2004
46 8. A circui tﬂﬁ@eggikée?a ggg%rr %Llﬂ?lgt ?ooﬁgfﬁ%hgfs Il@ﬁ?%aﬁeﬁt@ggge%% ‘8%3 'He

oper at i ngSMAEE RURLEPRTHRS a stop bar di sposed within the housing and
positioned to abut an indent of the cradle when novenent of the latter in
a longitudinal directionis initiated that would wunseat the pivot pin from
the smaller cufout PErewbmterpter ageprding tobelsiak dr whersb thiengjvatopimmciafest he

pr ecedi ngwel sholfiers\iHinftigha s@Bped-inward portion that is seated within the smaller cutout
portion, | |

3. A circuit breaker according to claim 2, wherein the stepped-inward portion
is positioned midway along the length of the pivot pin.

4, A circuit interrupter according to claim 1,2 or 3, wherein the pivot pin has
two ends rotatably seated within the housing.

5. A circuit breaker according to claim 1,2,3 or 4, wherein the pivot pin is
rotatably seated in the smaller cutout portion,

6. A circuit breaker according to claim 5, wherein the pivot pin is rotatably
disposed within the housing.

7. A circuit breaker according to any of claims 1 to 6, wherein the operating
mechanism comprises a spring applying a spring force upon the cradie in a longitudinal

directic_:n which force tends to maintain the seating of the pivot pin in the smaller cutout
portion.



smal ler and | arger cutout portions are both sem -circular in shape.
15 March 2004
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8. A circuit breaker according to any of claims 1 to 6, wherein the operating
mechanism has a stop bar disposed within the housing and positioned to abut an indent
of the cradle when movement of the latter in a longitudinal direction is initiated that would
unseat the pivot pin from the smaller cutout portion.

0. A circuit breaker according to any of the preceding claims, wherein the
smaller and larger cutout portions are both semi-circutar in shape.




