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OF THE | NVENTI ON The present Invention relates to circuit interrupters
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having a cradi BiMEi@ICAr a.taﬂén'1 fsubdie_event of..andtu, SPbeéﬁtRBﬁl lib? eriahi
DESCRI PTI ON OF THE PRI RT bl ded™tase cirtcuit breakers an |nt errupters

are wel | knownNﬂ-n_.t_I:{e_a.u__a.s EatoncRpcketiNg 99,PDC3234lesht _No. 4. 503998

June. 8, 1900 WA Gl MeSHReF Wi am adiBitatic T ARERioN Colfaired £ e
assi gnee of t hReduchsrBlowaffiForce’ issaednd i ncorporated herein by reference.

Crcuit i nterrupters typi Qal |y include an operating nmechani sm structure,
sonetinmes ternmed a "cradle™, that is disposed in the i nterrupter housing

and whigh rotmgggﬁmg@p:rm‘.g MVENTIONt O a second position in the event’
of a tripping 20 operation. _BI vot pin is rotatably disposed in the

housing and t HrIELBHOK AEIE BNVENBOM order to provide for such cradle

radie it i's a5 "Rt ihleiin AR & Yk iy Hertrdlly i Rt css)
the pivot pin specifically, to thidise kindsfafidirenitintéiyupteisitRvingod bfa“dl@ﬂ'fat rothfeeds do
not enabl e the i vot, pin to be 25 heat treated for strength. This is
because such regﬁ'?tr@ﬂt”pa‘ﬁﬁlqpéﬁaﬁé‘fore the pivot pinis connected to the
cradl e, q@oul d make the pin too susceptible to danage during a welding,

spi nni ng, or staki n?Rﬁrocess each of which requires a |large anount of

force and/ or PRESCRINYOPORIHE PRIORARE pin. In addition, the prior art
met hods do not ena%&dé&@as‘é@rﬂbfb}e%ké%téﬂdqrdef'rub{é?s e\ oI TR Qas ! | -

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
15 of which is assigned to the assignee of the present application and incorporated

herein by reference.

Circuit interrupters typically include an operating mechanism structure,

sometimes termed a “cradle’, that is.'disposed in the interrupter housing and

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

2_0' operatlon A pivot pin is rotatably disposed 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 known to spin (like a screw) or stake (forcibly press) the pivot pin to the
cradle. Unfortunately, these pﬁor art methods do not enable the pivot pin to be

25 heat treated for strength. This is because such a treatment, applied before the
pivot pin is connected to the cradle, would make the pin too susceptible to
damage during a welding, spinning, or staking process, each of which requires
a large amount of force and/or stress to be applied to the pin. In addition, the
prior art methods do not enable the cradle to rotate if the pivot pin somehow




WO 01/16987 PCT/iBt10/01219 4 binds and cannot rotate. Furthernore, the
prior art nethods do not enable the pivot pin and cradle to be
conveni entiow dhsgpsenbl ed after connection. It would be meymhgmgpous if a

way existed to e ectlvely ‘connect a pivot pin to a cradle that would
still enable the pivot pin to be heat treated. It  would 5 also be
advant ageous if such a way enabled the cradle to rotate even if the pivot

!Oinnadi gogstenl ent tas #%%&%@@@HE) tﬁﬁgﬁﬁ%ﬁﬁ?ﬂ#& r ese"tag5 [ nvgﬁ![ |eon

provi des a ci rpivottpin and cradje ter be bonveniarntly &sassembtedeaﬂemonaectnhant ified
needs. In accordance with th esent nvent i.o ui.t interru ter S
provi ded which i niﬁ‘ﬁ%‘é‘g be 3{?@@5 arg&ou§g| Wﬁ%?é‘s{]ﬁgitﬂ %ﬁf‘ﬁYﬁ' oghedt RIVRt 1 t he
housi ng, and Jﬂﬁt&a%ﬁ&aémmﬂmmséaéﬂémsmoﬁmnwgemwra&eandtwould

I nt erconnecte th the 15 separable main contacts. The operating mechani sm

i ncl udesBa cr Aisaxbe atﬂvamagewsﬁ@uph@rwaﬂnab&dtbgmd%to rotate evencifthe pivsti t i on
i'n the event p I r t h a
aal 1or ot outb it fosFBhd nabiBd b pRAt p 1S b deadialitied BBl oiidlg th &
mechani sm f ur tdoawvenient fagkisna pi vot pin di sposed w thin the housing. The
pivot.pin is insertable through the I arger cutout portion 20 and is seated
in the smaller cutout portion for providing for rotation of the cradle.

Thi s and ot hergglaMARY CFEHEINYENTION Of the present invention wll becone
apparent froma reading of the follow ng description of the preferred

enbodi nt@t taken i Thedesentinventicniprevidesia citetitterruptemigst mestssll eithe

DESCRI PTI ON OF 3 gure 1 is an: orthogonal vi ew of a nol ded case
circuit br eakerbBUEr@ﬁiﬁéﬁgggﬁg present invention. Figure 2 is an expl oded

vi ew of the base arnaccordance with me:presanttinve’ﬂlionm eircuitihterrupterfis provided. WO
8(1)/r tl |62§70f Cg-/h lﬁy% Elﬁfugles a?nousﬂgr separatﬁe ?na?r? cgrltgc\@ hisBQS‘éd |\r/1 tﬁéN hnglSll?gn. alnrc}t ernal
an operating mechanism disposed in the housing and interconnected with the
15 separable main contacts. The operating mechanism includes a cradle for
rotating from a first position to a second position in the event of a trippihg
operation. The cradle has an aperﬁ:re with a smaller cutout portion and a larger
cutout pértion. The operating mechanism further includes a pivot pin disposed
within the housing. The pivot pin is insertable through the larger cutout portion
20 and is seated in the smaller cutout portion for providing for rotation of the cradle.
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.

25 BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is an orthogonal view of a molded case circuit breaker
embodying the present invention.
Figure 2 is an exploded view of the base and cover of the circuit
30 interrupter of Figure 1.



interrupter of Figure 1. Figure 4 is an. orthogonal view of the internal
portions of the circuit interrupter of Figure 1 without the base and
cover. . 5@@){&,@75 i s an orthogonal view of an internalpcrasdore@nioof the
circuit interrupter of Figure 1 inclauding the operating mechanism Figure
6 is a side elevational, partially broken away view of the operating
mechani sm of the circuit interrupter of Figure 1 with the contacts and the
handle in the OFF fiGa0gid e olblatdrialvow of Srniintdrisl GIrYR 'of 48! circuit
partially broken away view of the operating nechanismwth the contacts
and t he handl dnferrupter obRiglirg fosi ti on. Figure 8 is a side el evational,

partially broken a vi ew of e ' ' | caont gct s
and the handle in m"ﬁfﬁ?éﬁ' M@gi ?%Mgf ﬁ%&?%ﬂéﬁﬁé%}'gioggﬁgl‘a{?ﬂ i onal , i
partial l'y. br okgterrdptey of Fijliret withoubther isergndldoverchani sm during a resetting
operation. Figure 10A is_an orthogonal viewof the trip bar assenbly_ of the

trip meRhani sm of Figwrech re.an orthegqnal iew of an:; iptgmal Portiary of dhe aisguits )
anot her ort th%ﬁhﬁiﬁr%‘f"F urd h?"é‘-l?diﬁﬂﬁ?‘{??%ﬁﬁﬁh*cﬁgm oure 10A. 20 Figure

| OC i s anot her orthogonal™ view of assenbly of Figure 1 QA
showi ng t he groove Fidure 6iis a sideelevational, partially brokko gwey View afithe bpetatingor si on

spring of the tri,p bar sseml v. sho R FlLgyre.| Lqur Lg an
ort hogonal vi dIP¢ 'Wpf)tgﬁﬂc‘éft Wf"cﬁ#ﬁﬁﬁgﬁgﬁ?t@%\'ﬁ%ﬁgagghﬁag@ﬁ ng of
Figure | OD at tinthedFFrdigpdsition. OF i s another orthogonal view of the trip bar
assenbly and spri n%_ of _Figure | CE Figure 11 is an orfhogonal view of a

|l at ch u¥@d in conn&igured isAtside elevationgl, gﬁ@é%hﬁ‘*ﬁ\" away Miew gt tag pperating

i nterrupter of  ELOLLE : ' ' 5 OREdiispd f the

si depl ate asse"r%%ws?r‘ g"gf‘éﬁe Eg'?tg%e a}éégétrépg%g??gsser%?%ﬂg‘ngan i nt er nal
portion of the cir Eigure8ris arsideelevationalk-pgdially brokewaway viewsy tireopemting 01219

Figure 13 T's 30 SNiH Win'th Sotactsihd e Haldle iR #hd TRILAED bRPobibA." !

Figure 9 is a side elevational, partially broken away view of the operating

15 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. | -
20 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 10E is an orthogonal view the trip bar assembly of Figure 10A with
25 the spring of Figure 10D aftached. - ;
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.
30 Figure 12 is an orthogonal view of the sidepl_ate assembly, cradle, latch,
and trip bar assembly of an internal portion of the circuit interrupter of Figure 1.

]



interrupter shown in Figure 12. Figure 14 is an orthogonal, partially
broken away view of the engagement between the latch and the trip bar
assenbl y o&ot,,hﬁz(g-} rcuit interrupter of Figure 1. 5 Fi guErabbodiziean

69

orthogonal , partially broken away vieg of the base and an internal portion
of the circwt |nterrupter I ncl udi ng the push to- tr|p actuator of the trip
mechani sm Figure 16A is an orthogonal view of the push-to-trip actuator

BUSh- t 0.t 11 p-act uat U8 54,0, SRfiolisd Vigh it e inkigean Borth S Ho b o,
of the button mfermbterrshebmthigurpﬁct uat or shown in Figure 15. Figure 18A
I s an orthogonal view of the autonatic t senb of t trip

nechani sm of the ci'f %Ptml'?l?BPHh '«'Ra'%"gm‘g‘ei'a@d{ﬁvéogﬁgﬁ@aﬁﬁ'ﬁ'ﬁﬂfer

ort hogonal Vi eyétbed fife lﬁtéh%tthé tﬁ;s bar @s%amsw Of thé Bireiiit .manﬁ @f"o?Fub%Pg Fi gure
18C is an orthogonal view of the automatic trip assenb I'n" Figure

18A showbng t he i niFigure 1§asanmhoggxaimq5haﬂvmmmofmmsgm amA i s

hown i n P qur bt Boploh RS Bk Bret ind Wit RS i BRI L,
yoke of the aviponedhanishi.i p assenbly shown in Figure 18A. Figure 20 is an
orthogonal view of the bjmetal of the automajjic trip 25 assenbly shown in

Fi gure 18A. Fi gur e PQUESI®hisan ﬁﬁb%gféﬂa| \YfeéN/\P the; prsh=tporiep @ctuater ?'H%”n in
automatic triprjggresgYl y shown in Figure 18A. Figure 22A is an orthogonal
view of the loall termnal of the automatic trip assenbly shown in Figure
18A. 301@i gure 22B Figurari§Brieanothen ogbogonal view ofthe push-teeldiptastustorshawin t he
autonmatic tri pﬂﬁ&ﬁmlsy shown in Figure 18A. WO 01/16987 PCT/1BOQ 01219 7
Figure 17 is an orthogonal view of the button of the push-to-trip actuator
shown in Figure 15.
Figure 18A is an orthogonal view of the automatic trip assembly of the trip
15 . mechanism of the circuit interrupter of Figure 1. )
- Figure 18B is another orthogonal view of the automatic trip assembly
shown in Figure 18A.
Figure 18C is an orthogonal view of the automatic trip assembly shown
in Figure 18A showing the initial positioning step of its armature.
20 - - 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
25 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. .
30 Figure 22B is another orthogonal view of the load terminal of the
automatic trip assembly shown in Figure 18A.



Figure 23 is an orthogonal, partially broken away view of the base of the
circuit interrupter of Figure 1 showing the grooves in which the | oad
term nal Glooelf@sAUt OMBLiC trip*assenbly is inserted. FirgumoB®ids an
orthogonal, partially broken away vi@w simlar to Figure 23 5 showi ng the i
base with the load.termnal inserted. Figure 25 is a side elevational view |
of the base of the circuit interrupter of Figure 1 show ng the tapered ]
sides thereof. Fig is Haad: ' i of
t he cover of the ﬁ@cﬁlﬁ? l%%@éﬁﬁ%@%ﬁ#%ﬁéﬁé@é%ﬁéﬁ?ghn aEutdr?etﬁ%v wal |
t hat cont act s cirbwit interasptetiof Figuredashawingrthexgrogvesingvhich the load termindl of i s
anot her orthogonal, vi ew,.of _the cover %i abutment wall shown in Figure 26.
I insgfies, |

Figure 28A is hay '&*HEP%‘E@\W er enbodi-nment of the | oad

terminal that nmay PFiyuréRhgaEneisbgonal partialy rokén away viewaiAkiFid Figoke e triip
15 nmechanismof the circuit interrupter. Fi gure 28B i s anot her orthogonal
vi ew of 2 he amshewingthedasamiththe leadtermingkinteded-t er ni nal shown in Figure

28A. Figure 28Cis e Qrk @ynpé Ve ipent of

the load termnal- s V\négg '? ﬁ.es‘id;é;@g{r?a;lltog\g! 'o' t fetﬁggﬁﬁéeic)ﬁ)h?a%@ré?i'@%m%ﬁi gure !
29 i s an ort hofFigeire dishowirig thedapered sidestheieofy col | ar used i'n connection '
with the |ine and |pad rmnals of the . circuit intertupt of Fi e 1.
Flgure S0A s asi Fie 261 w0 Atfodpnal, By Briken sl e bihg Sayer e

mechani sm of ichéuiEihternipterion Figlfe P ERdwing g @batridhB wafl tiveit contabRaRe Mseréd W Of

the cradle pivot pin of the operating 25 nmechanismof the circuit

interruf er sieaghtermingl gifFigure 245 gure 31 is an orthogonal view of the

handl e assenbly of Haﬁe ' ' f | b r

shown in Figure 1. F gure 5?‘102%% or hgggﬁg %ﬁ@%%’?’éﬁg&fﬁ’ﬁ%ﬁwﬁg of

the crossbar shewarmFijguoé 26he operating mechanism 111 (r)lIl WO 01116987

PCT/ 1 BODI 01219 Fi gt 33,1 & 2 SilSoc VW BF BhotnBPBh:Rkinio/ /4R 1848 Vi ew
~ terminal that may be implemented in the automatic trip assembly of the trip

15 mechanism of the circuit interrupter. ,
Figure 28B is another orthogonal view of the alternative embodiment of
the load terminal shown in Figure 28A.
Figure 280. is another orthogonal view of the alternative embodiment of
the load terminal showing the underside of the connector portion. -
20 _ 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
25 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.
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portion of the circuit interrupter showi ng the handl e assenbly, sideplate
assenbly, and crossbar assenbly with associated stop nenbers. Figure 34A is

an orthogogdlaiNéegyv of the handle of the operating 5 meok@nssnnafe t he
circuit interrupter shown in Figure B Figure 34B.is a side el.evational

view of the handl e of Figure 34A. Figure 34C is-another orthogonal view of
the handl e of Figure 34A. Figure 34D is an underneath view of the handl e

of Figure 34A Fi g*‘@‘%@’%‘gtﬁ"%?‘?@u. | nattidl mkémﬁvggzogéﬁﬁd ﬁ’si‘énlng the

operating 10 nechantTsm Interrdpter s gure
Figure 36 is eportiomplafdthe, cipeuit iirtetrypter chowing\dhe Vvhandle fassemblyy vsideplatend| e,

d handle slid the circuit int t £ Ej 1. Fi 37 |
or thogonal , - peFePIIRNY, aiAsassbahassamial v Asabeted 8 fretnoars chow ng the
engagement of the hagehec 34t i3 hh%Wan viewesf medhhhdie CoN tHe _op&?atﬁi’rggufe

e ha

38 is another orthogonal view of the handle of Figure 34A showi ng the
grooves $or t Heeehasma of thejeircuitintgruptes showndmFigup® dded, profile view of
the base and the ¢ K Gl [ f | Figure 40
IS a cross-secti ong{s\'/ﬂegv'\’féo?%ﬂgé(%f(;e\"/}g{r‘oéée]éﬁv%wg qaﬁél{%f?gﬁ,&e%pf’aken al ong
the line 40-40 of Figunes34L isfanpther ofthogenaliview ofthedvemdle/offvigude 342

attachi ng device used t cure the ver to the se. _Fi 42 is an
expl oded vi ew of tﬁ'ﬁg‘éf BRD uneey Vlﬂw?ﬁt@_egﬁ"?%&agwg pter of
Figure 1 and the s { 35 TBR o¥thbB6hAAliew 2t the HénRie Slider oﬂhé"&@ﬁﬁ% view

of the base showing the slots and grooves therein associated with the
suppor t 1@enbermechanismiofthe grquit interruples shewa amFigureid. or t hogonal vi ew of one

51 he Suport Tegadesil Sdloled g el sy et Sne e ARIE, U, o
4 Figure 45A iandmandie slidgrof thes circyitifitetroptevofiEiguseipport nenber shown in -
Figure 37 is an orthogonal, partially broken away view similar to Figure 36
showing the engagement of the handle with the handle slider and the cover.
15 Figure 38 is another orthogonat view of the handle of Figure 34A showing
the grooves for the handle slider.
Figure 39 is an exploded, profile view of the base and the cover of the
cirt‘:uit interrupter of Figure 1.
Figure 40 is a cross-sectional view of the cover secured to the base,
20  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 exploded view of the cover and the base of the circuit
interrupter of Figure 1 and the support members thereof.
25 '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
30 44A,



Figure 42. Figure 45B is anot her orthogonal view of the support nenber
shown in Figure 45A. 5 Figure 45C is an overhead view of the support
menber showg oifeokt Jure 45A. Figure 46 is an orthogonal pcrasemi2idhe base
and internal portions of the <circuit®interrupter of Figure 1 show ng the
positioning of the support nenbers. Figure 47A is an orthogonal view of
the deflector used in connection with 10 the self-retaining collar of the

line termnal of tiggyfrbuGHii ﬁg Bglg??&ﬁﬁl%fev%f thé @tie? stipport niEMser$hBwhin

anot her orthogonal ew of t ector shown in Figure 47A Figure 48 is
an orthogonal Rigwe42 the internal portions of the circuit interrupter of

Figure 1 without t ar Xt Lnguli | ' not her
ort hogonal view si k#f?qu&? %tf’@ '%Faﬁ%?'g@i‘%@%z SO %fﬁ%%s?l%@r?wgﬁb%% ishﬁgﬁi"?ug of .
t he defl ector FigurewsA. 50 is an expl oded view of the base and cover of the
circuit _interrupter of Figure 1 agai,n,showing the positioning of the

defl ect . Figure Figure4aqisanovgaiead vggvgg%yp%gpp%ﬁ;ggg@m@wmaﬁm be
20 i npl enent e ith the circuit interrupter of Figure 1 and the |ug

i nsul ator associated therewith. Figure 52 i's an orthogonal view of the |ug
i nsul at or shown i nFigune46 iSan orthioganal vissv pEtherbasetandgoteanal\potionsfofithe | ug

5415 an ot hoUHERTEIRR Fiowe fHidirnd e ef¥hidias Sn8 SuBhRs Frertitus: e
lug assenbly and |ﬁd@4ﬂﬁﬁoﬂhémﬂew%mﬂ§bﬁﬁuﬁd%ﬁﬁm

EVMBODI MENT 30 111 WD 01/16997 PCT/ MD/,01219 10 Referri régech)w to the
drawi ngt0 and rthe geléeetainingcaliar af theding defimipal of theygircuitdntermypt e Icircui t

breaker 10. G rcul e dlrBlis Hlothdf oifiBgorial MigWoflthe deflector shown in Figure
47A. _
- Figure 48 is an orthogonal view of the interal portions of the circuit
interrupter of Figure 1 without the arc extinguisher assembly.
15 _ | Figure 49 is another orthogonal view similar to Figure 48 but also showing
the positioning of the deflector.
Figure 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
20 implemented with the circuit interrupter of Figure 1 and the lug insulator
associated 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. . _
25 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
30
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mechanically interconnected with a cover 14 to forma circuit breaker
housing 15. Hol es or openings 16 (Figure 2) are provided in cover 14 for
accepti ng yWosfiiggys or other attaching devices 128 that earaBosmazivespondi ng
holes or openings 18 in base 12 for MWastening cover 14 to base 12. Hol es
20, which feed through cover 14, are provided for-internal access to
circuit breaker 10, as described in greater detail below At the interface

bet ween base 12 anﬁefé)ﬁh?ho%o&h@dﬁéﬁhbs ane Figuyes 2 and@ invRitticulsr, BHOWRSES
as described in greater 10 detail bel ow. Cover 14 includes a handl e opening

22 through whilea melded gase cirquithiraker ¥y Cirsuit hreaker 04acludes ahasei12 a

ti I ; - I : LLeuit
br eaker 10 andigoenically WghShndotod Wl FEEE 16 Orifa BREEISIEL NAUGHY, -
Handl e 24 may 18. Hdoles ovopeniags 18 ¢Figate 2)arefprovitied it coves 14fforcacoepting br eaker

10 wh th It f handl e 24 15 with a | d t
shown)er 3 ycovgcpeﬁﬁl W;&Beﬁﬁm i % %wwé?éé&%fgﬁﬂe? CBV@%M‘?‘?W'"% Pﬁggg{ egn\cl)met her
¢i reui t  br eakejpehfhgsSI 8 HaBBNLIBE Mstdrini 8dver @Mo a8EH2C Hole#PEWhicR'

TRI PPED (contacts oOpen due to, for exanple, an overcurrent condition).

Cover 14 al so feedthiaugh eoverddaatpprovideddar interoal aoeeegitacizyit breakerdld, whi ch

protrudes at [i4d.00. f s - | tor, the
Getai1's of uniiaebbalirfoicals Biathaol Abtndntithucesaebberoats T2 oA

openi ng 26 i n dower14 are srabll sperihgs 24 fior yentin aseb pasidésoriied b greatert

shown) . t hough .ci rcuit breb ergﬁ I s, de ig?‘éjﬁfa si ngl e-, I[11age cjrcuit

br eaker 10 ho. SRERRISW Saer 3f ckidesa hARTe SerDaQ2 I cuUEn Spariiesn.
Ref erring now 4 Rarfdlé 24 §Figureé'1] PBPisiusddnRla coRVbhtiThaPmafngt emahE@RL i on, 25
partially broken away and partially in phantom of circuit breaker 10 is
shown™ havi ng qpen@m!y cleserthegontarts, aticiecuiti breakar19; ansl toresetmirsuit bregkenown a
plasma arc a Is (e | $4 t.or. 32 and
B are oxti g afiefiER FRppeTsald, FRRBIS 24 Riby st ol 1ndR3EGHLL 7 0
oper ati ng necltheistatusof cimuit bredkerd Orveindreby the gidsiticsloffRa@indier 24 gommespondso

the 1 ntBnal WK fRgendiiet stir) ofcoueE 4 Deufatiie PPOEnG 22 ayeh ceary '
in { Lg?ndg 0 ; 219ndiddtes Whether<ire O bFGUKBF 1{is ON{coRRICR cleseNOFF (SdnthétsShown as
- - 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
20 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). Although circuit breaker 10 is depicted as a single-phase circuit
breaker, the present invention is not limited to single-phase operation.
Referring now to Figure 3, a longitudinal section of a side elevation,
25 partially 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 36, an
operating mechanism 38, and a trip mechanism 40. _
30 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



separate upper slot notor assenbly 32A and a separate | ower slot notor
assenbly 32B. Upper slot notor assenbly 32A includes an upper slot notor
assenbl y houpdiigesdl Wi thin which are stacked side-by-si decidsadmapd upper 5
slot notor assenbly plates 42. Simlaaly, |ower slot notor assenbly 32B

I ncludes a | ower slot notor assenbly housing 43 within which are stacked
-side-by-side |l ower slot notor assenbly plates 44. Plates 42 and 44 are both
conposed of napass 12 andicoveri4, sistenctu assenmiily 82 isslsawbay indtudingca udes an arc

chute 46 within which 10 iare posi ti oned_spaced- apart ?ener all'y parallel
angul arly of f sSRPAtE URREr slot molerassembly, ﬁ"ﬂﬂpﬁ&’aﬁte QW iot mefar As known
to one of ordi [ It Fhg \ | ' r
assenbly 34 i saﬁéﬁgégglbeé %IP(?E Q&tgrgt%l%raétéegﬁgfb‘e@ﬁémmaers ?s@‘ﬁ%%blgrgg“ °§$’§at ed .
upon separ at i oassembiybousing 4d twithin whicheare istacked sideshy<side Urshdpeidaupperg now

to Figure 5, sho LS an_orihqgon |.e f ,an_internal orti of circuit
br eaker %0. Thgpﬁnrqo rﬁ?ﬁﬁﬂ&?’dﬂ&?ﬁ?&a\é%‘& I%ercsg?!ﬁj'p?@r ﬁﬁé)e"gp')‘r%gbl e )
contact ar m 5Ojnghides atlibwer $IBEMBIT agsémbiyHousihgtPwithin Which dresstadiedt | ONary
contact arm 54 supporting thereon a stationary contact 56. Stationary

contact ar m 54Sidg-hyrside lowesslof materrssembly platesfid.: Blalasfid and44 aee bath 20
di scussed bel o%nﬁﬁléqpé,ﬁ.ﬁgﬁg@%a@ﬁm 50 is electrically. connected to |oad
: . SO shown

. term nal I's a crossbar assenbly 60 which traverses the
width of circuit bAreaxtinglishemassembiy3sinehidesdinsgro chutedtt within mhichal
portion,af base 12.(not shown). Actuation of operatjn chanism 38, in a
manner scri b€ pqqlﬁoa\gpaﬁpﬁcgvﬁ%gw 98%@’!% Pe@s@%lqﬂ?%{b’s‘g'ﬁ%%’%g‘@%d novabl e
contact arm 50plates48 &6d ah @ppst arcunkei48Al, As RGPV dneof orlinahy SRS
novabl e contact 52. into or out of a disposition of electrical continuity

with fixed conthgdrt fhe funchier pharc exdingyisher assembly o geaRNRANE contact cam
housing 62 i na%f{g%iﬁete' ﬁe&#ié&?%aﬁa@ &Qét‘eﬂ'dboﬁ‘gegagﬁomif% %%f cont aet

arm50 is rot spose nder normal "cI rcunst ances, e cont act
arm 50 r ot at esthercinguit bogaker.t h 30 the rotati on of housing 62 as housing 62

5. Fondbor o 1 1's HeRURHLE Fiofie S b S o BroBndlyd 518 e o' o

portion of circuit breaker 10. ‘There is shown contact assembly 36 comprising

a movable contact arm 50 supporting thereon a movable contact 52, and a
stationary contact arm 54 supporting thereon a stationary contact 56.
Stationary contact arm 54 is electrically connected to line terminat 20 and, as - . o
20 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 a manner described
in detail below, causes crossbar assembly 60 and movable contact arm 50 to
25 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
30 the rotation of hohsing 62 as housing 62 is rotated clockwise or counter-
clockwise by action of operating mechanism 38. However, it is to be noted

© TR



12 that novable contact arm50 is free to rotate (wthin [imts)

I ndependently of the rotation of crossbar assenbly 60. In particular, in
certai n dyRawiseesr €l ectro-nmagnetic situations, novabl e ceorsaederzism 50 can
rotate upwardly about pivot pin 64 umder the influence of high magnetic
forces. This is 5 referred to as "bl ow open" operation, and is described in
greater detail below. Continuing to refer to Fi.gure 5 and again to Figure

3, operating "T‘?‘C’“ | fitalch adtd R 1o turally
and functionally g@rg‘?gré to taﬁ’g?%g%%n é%gﬁﬁ?ggﬂ@nm%ﬁf?gﬁﬁg%fes
Patent No. 4, 3beratetion ofcrodshanassemblyl®®5inparticulan in eartain dymardicini t ed

St at es Pat ent 5 ' Lsel osur of which
are incor por ateé%‘q“‘ﬁ%’%éﬁﬁgfg%“lﬁgﬁg-cejfﬁé‘zm%gg?‘é?‘?%@ ﬁ@%ﬁgﬁﬁfﬁ %N%@@pri ses a
handl e arm or aboatpgivet pinssaimder the (rMoencebfitigh endymetit foréds.. TRisGoNT i gur ed
plate or_cradle,_ 72, an upper toggle link 74, an interlinked |ower toggle

link 76,5and defemsdde as;"blgy-epen iperafion, and isdeseribad imareatendetaikbelowper
toggle link 74 witlsdgh i thHa ' | ally

i nterconnected with up'ggirn%ttéggﬁegﬁ Fﬁ%ﬁggg%%"y‘bﬁg‘;% SI’SI)PEII:&W@H ate toggle
| i nk pi vot pi rméchanisml 38iis showns Operatingsuethanisns 384s structotallpiand64. Provi ded

par al 1 el . spadutcuepaf g thet Shodh 3hR detolisye b Hates HABERp ot o
84. Cradl e 72 4,503,408 idsuet March 5, w0885 idMrénTid et)al 24hd/United Sthtés Phtedt pi n 82.

Al so provided is a_handle assenbly roller 86 which is disposed in and
support &8 by h’aﬂm@ﬁ%@@ﬁgwynﬁ&ﬂﬁ%mqﬂh disclogHeas qiwhieh argireorpetatedi cal
contact with i @% - ' caw? ' f cradle
72 during a " Eﬁeés?%'btl ngté}ggée%g? g?@?%%ﬁ@ géea ?‘g%)ég‘gh?% arﬁggs'gri bed
bel ow. A nmi n handie assendisly i76 (Cennectéd {p htindien24) alvenfiguned plate o atazdie 25 84,

and Provides e ol dogkbuddiie P4 oA IR R0R Tk, SRR Sphtier 10
particul ar asgeggiatink piot piroTE whidhistedks appeMoggie inksiowith tridié 12, OFF
di sposition of circuit breaker 10. Contacts 52 and 56 are shown_in the
di sconnd®ted drowasdeaale ipkJbis pivotally intatcepneqted with upper taggle EnksFbl in its
Patch catout waBatsiieicth 130t okt (A A0rSho JiniiieolPbodiio? ©
conpr essi on 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)
20 - viacradle 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
25 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
particutar 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 90 is shown in its
30 latched position wherein it abuts hard against a lower portion 92 of a latch

cutout region 94 of cradle 72. A pair of side-by-side aligned compression



WO 01/16987 PCT/1B00I 01219 13. springs (not shown) such. as shown in
United States Patent No. 4,503,408 is disposed between the top portion of
handl e assg@gihdeeg? and the intermediate toggle |ink pivarapwmsd. The
tension in these springs has a tendeney¥ to load |ower portion 92 of cradle
72 against the internediate latch 90. In the OPEN 5 di sposition shown in
Figure 6, latch 90 is prevented fromunlatching cradle 72,

not ¢ ht andi ngirigd Sty BGOT S BnoW HPUARed BesteSbRRN! AL ﬂado,%bsmf.

fixed in pla e trip bar ass 190 o mathan?sm 40.
As is descri b@dpasedrb;etwednﬂ'te foplpartion oftharqdle)assemtﬂseifma;ndilwmtermedlate
spring-bi ased direction |n t the

i nt er medi at e IQ@S'%W% PI |p§' é‘b #‘Eefq\l{mguso&uaﬁﬁﬁa#é@%%ﬁaa&ﬁtgn 38 nd in .

al 1 dispositi QBﬁleﬁﬁoﬁbhwldfobédié‘Yﬂra aikiat meqﬁwrmbbiatemd?ﬂfd? RiItha GREN ON
whi ch is_described below Referring nowto Figufe 7 . operating nmechanism

38 is shBwn f oqhsmqsetlomerypdﬁgttrp lateh 80 ws:areve@tpeafm unlgtching emdie 72,
h sh |
| sposi tion, ﬁﬁcu? @ﬁi}q Bh8iohl séme gm@} 8h tm%ré& .g%ﬁgu ! her)

wher eby electrlca mloa term i ne
term nal 29. Iplace bea rbtataﬂbtrm/hanassemmwm})dstﬁpimsnhahnnd#& A§4Is and t hus

fixedl d handl k
e R R hoMad i B GOl hefo, vl Bar e bR IS i Bei Ry BRI ooy
pin 80 to be Iwunt@mw% Hﬂétldrﬂﬂélrédﬁoﬁ&bhﬁﬁﬁthe(uﬁt%?mé&iﬁmhtcﬁgmc'hﬁﬂ

thereto and to the top of handl e assenbly . The 20 influence of the

t ensi on18pri ngs “@%&tgéda@dﬁtﬂh areangement fﬂ@"ﬂn alhdispositions efgircuit breaker 76 t o
assume the posiqg é:?c{éﬁ? %@%gg@ﬁgﬁoﬂ@gﬁﬁ i§ QuSGibed Bald.Y Ot @l

i nt er connecti on W prvot point 64 to rotate
crossbar assenbl y Refeiringtriosv todFigurer7, cdpewtmgsmeahanlam B8iis stiowrsfordhhent i on of

crossbhar asse 60.cau 0] ct.armb0 to.r e he
counter 25 cl @B\ﬁ( smopéiftcfrswpg Rﬁ’l#n@\t&sﬁ?%’%@n %%&%%?ﬂﬁ&éé 52 into
a pressurized arebsﬁs*eactsrpbcﬁngalvmmcrﬂdtﬁersm&réwemuctﬂ@mtoaﬁenﬁaayIﬂbwl s to be
noted that cradle 72 remains |atched b |nterrred| at e Ia‘lch 90 as

i nfl uend8d by frqmﬂpa%@ﬂamaéaﬁmmed@r@ 29 Imerder to achienathg ONper ating

mechani sm 38 | Leaker 10.
SIS e, s oy e s

operation is [etdted nealpomte&ebckwmedlrectlon (to the left) thus causing the
intermediate toggle link pivot pin 80 to be mﬂuenced by the tension springs
(not shown) attached thereto and to the top of handle assembly 70. The
20 influence of the tenslon springs causes upper toggle fink 74 and lower toggle
' link 76 to assume the position shown in Figure 7 which causes the pivotal
interconnection wi_fh crossbar assembly 60 at pivot 'point 64 to rotate crossbar
~ assembly 60 in the counter-clockwise direction. This rotation of crossbar
assembly 60 cau§es_ movable contact arm 50 to rotate in the counter-
25 clockwise directi@n_ and ultimately force movable contact 52 into a pressurized
abutted disposit_icﬁ with stationary contact 56. Itis to be noted that cradle 72
remains Iatched_by_intermediate latch 90 as influenced by trip mechanism 40.
Referring now to Figure 8, operating mechanism 38 is shown for the
TRIPPED dispo's_i'ﬁon of circuit breaker 10. The TRIPPED disposition is
30 related (except when a manual tripping operation is performed, as described
below) to an automatic opening of circuit breaker 10 caused by the thermally

1] H



bel ow) to an automatic opening of circuit breaker 10 ,caused by the

thermally Iliill W 01/16997 PCTI|B00/ 01219, .14. or magnetically ii dCced
reaction ofolaiAdesfechani grn40 to the magnitude of the ourmendertisow ng
bet ween Ioag conductor 28 and' |ine canductor 29. The operati.on of trip

mechani sm 40 is described in detail below For purposes here,
circunstances such as a load current with a magnitude exceeding a 5

predet er m ned laedi cause.t [ o PP 4N ' ar
Pesenbl y. 100 AAREE alicdtfieaRaby pRBTHeaRn 48 1 fhd flghfiudd (™ o
in the opposi toarrént fowing betwesh adcofidaoctor 28 andide gbrduictor20.9The Thi s

unl ocki ng of latch, 90 rel eases cradle 72 (Whi,ch, had been hel.d in place at

| ower portion @?’%quttﬂm"ﬁ?ﬁﬁﬂ‘ﬁm ?ﬁ#ﬁ%&%%“%ﬂ@m‘@g’-i OrRYrPRSESHt at ed. .
10 counter - cl gy ce h Q& 12U ity | i ot shown)
I nteracting bet m’eﬁﬁgwg%ggo?cﬁgﬁgﬁggggggﬁglW?%%ﬁgﬁgﬂga?%%%gi ate

t oggl e 19 nk pipredetprmined threkhold wélli catuseytripanechanisny #0 t¢ eotatetbdanr r angenent

causes pivot pj t, i y to th se
crossbar asseriymby fo5 SpHRnES fSbersitind'hé Pl E biskihgiadebaiply 196
asselnb! y 15 6Gn ﬂw&moﬁt_edit@&?dﬂ)%dmpgnmfinmedﬂb&hlewhhwtTlﬁém 50, f
resulting in a  separatiaon of contacts nd 56. The above sequence o
“events resul té"ﬁk?F?‘P’Wa‘Pfd?@hQQ gleasgs 5{%%32%?'8'?3&4%@&%%'6%%posi tion
between its ' gbl i ' ' di sposi tion
(as shown i nﬁ?ﬁﬁ%ﬂ%maﬂﬁé r?%m?ﬂﬂg@%f% Eﬂiﬁﬁeﬁ? fbo!?\% Foctfgrggluit br eaker
10 can Mt agaiount=p-clodkivisecundes tleninfueness of the terjsiomsprings (8ot shawr)e cl osed)

until it is figrst “reset* via.ar t ,i.ng _0p: | on i,ch 1S scribed in
otai 1 bel ow TBasthEPEtwesy 13 Bp 5T Pahio aaah id ShL i Flbenealt S < nou
during the rasggleiling pivee pint80 T resulting doliapsestthe 165gld Birangemens whi | e
contacts 52 and 56 remain open, and.is exenplified hy a forceful novenent
of handl e 24 23uges piyet pinfid °((EQ%"°que§°!9 I8 and ‘éﬁ"l@'géiteﬁ')usa‘ﬁ'@te a tripping

handi ¢ 24 1o (et daspribly (o3P SRy SpAS. Shie loldtR LR Lrdednit Sbseml - usi ng
handl e B8senbl6P ¢casisesa clagkwise matien ob mayabletontadt aok S0ergsultingdnalf cr adl e
72. This cont as%‘)aiaq{oﬁeosf contacts 562 and 56. The above sequence of events results 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
20 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, opérating mechanism 38 is shown during

the resetting operation of circuit breaker 10. This occurs while contacts 52

and 56 remain oben, and is exemplified by a forceful movement of handie 24
25 to the right (or in a clockwise direction) after a tripping operation has occurred

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

30 of the springs (not shown) that are located between the top of handle



cradle 72 to rotate cl ockwi se about cradle pivot pin 82 and agai nst the
tension 30 of the springs (not shown) that are | ocated between the top of
handl e WO @/elad87 PCT/ 1B00/ 01219 15 assenbly 70 and t breTimdomiziedi at e
toggle link pivot pin 80, until an uptser portion 93 of latch cutout region
94 abuts against the upper armor end of internediate |latch 90. This
abutment forces internediate latch 90 to rotate to the left (or in a

count er - ¢l ockvagsenfbily PO bh@ the Mteriititfiate RO MK sivotisih BOOONMI Angeper S ot at es
to a disposition of interlatching with trip bar assenbly 190, in a nanner

described i n neArtioni83 of |atehecuiout region 94\pkuts paainst iheuppeharmorendafil e 24 i s
| d, h : ' t,
cousrne onar o gidrod crhlSph hinetdfes fidalTath 3o b GEE

out 'region
agai nst i nt erthredefa(or in atcounted-cldckwise direction)sothatthe dottiomsportior thexeof

inst trip b 10 nmbly 190, .G it | Kk 10 ig . then.in the OFF
i 2posi tPon s HBkeR 1o & Asgamibon of nteriaiied wih Fey ssvembe 10 ea |
count er - ¢l 0cKVnfinddbskitfed Rhbre dataRbEBw: RNl RS orie Bg ARGl irefh | 1

Figure 7 (w thout the |atching arrangerrent bei ng di sturbed] until contacts
52 and. 56 are 2Aisdelgased handie24rotates te Hieteftavera smealijangylar inaremeoty each

operat i on sucrcauengdRwe & tith 2 eton GGG igkth 64 ko oruly chut Bghipefl 09,
5 . e ettt 1
moor ai@enb yasseoyy 10 CrgitaRke Th& tERin e T Seabslipnng im0 1 oy
described in thfmfects,%natrféﬁd%aé@mayihéﬂﬁemearuéuatewcﬁﬁ:k%ea(mr(&!eﬁﬁer eof

form an essenti closed el ectro-magnetic path in the viscinity of
contacts 52 artawssls the QM dispesitiandegictad in Figire {dwithpetihrdatehiagat i on,

Chrobmh an o/ SFRerRMebHSGTabetd i BnRACE) g SOOE o BROSREY
i nduces a 25 nfogsefilietedtical dontatbwitineach othed Heweeer, if ancverqurent ded by upper
ohates 18, °" okl e, & By B3 Sof B Aep R b Hesabed? | over
el ectromagnet i gidvietvitH YeSpa&its Figgjré 8 rhipagainh 14Ky place 8ausing comtacte52ednd O
accel erate the novenent of novabl e
56 to again open. _ -
‘Referring again to Figur_és 3, 4, and 5, upper slot motor assembly 32A
and lower slot motor assembly 32B are structura‘lly'and functionally similar to
20, that described in United States Patent 5,910,760 and blat'es 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 ih movable contact arm 50 and through an
electrical arc created between contacts 52 and 56. This current induces a
25 magnetic field into.the closed magn_etic loop provided by upper plates 42 and
lower plates 44 of upper slot motor assembly 32A and lower slot motor
assembly 323, 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
30 rapidly separated. The higher the magnitude of the electrical current flowing
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contact arm50 in the opening direction whereby contacts 52 and 56 are nore
30 rapidly separated. The higher the nmagnitude of the electrical current
fl ow ng ﬁ{ﬁ@ 01116987 PCT/ 1B00/ 01219 16' in the arggrighfnsisr onger the

magnetic In eré’c I on and t:he nore quijgkly contaétss- 52 and 56 separate. For

very high current (an overcurrent condition), the above process provides
t he bl ow open operation descri bed above in which novable contact arm 50

forceful ly rotaf o] i \ . ts 52
and 56, 1 hi o 1A pish W St i mRllc Bjétattbriafy iheXRBR! gliday BORLRER

bl ow- open oper52 amh56 Sepanatel Fodvery high durrent (arUoveredrrerittconditioRyithat No.
3,815, 059 issued June 4, 1974, to 8 oel man and, iac%réigor%bed herej n by
reference, and®oVEPreeassprovides thed B‘HF%“OW%?“% eseeibed above inwhiSh han can
normal | y occur - f R ' \ ; y trip
mechani sm 40 a?%ﬁlsgr%?ﬁggp%m\glg f?ﬁé%‘ggﬁ%gﬁsgﬁﬂﬁ ?k%lgsjgﬂirg%ﬁ%ﬁéhcdgnnect I on
wi t h t hebabov cseparates bontaptsdhz apd:h6 dpisrratation beingindependent ok atoissb&i0 and, in

Phat descr bodMeTON 6 s Sbel phbtlion's 3hehun b8 HespRBeih IR I g o2
i ncl udes a sprstates RPateatiINe 2381 5)060 Wssueniuinest) 1874, tol8delmaiand a bl ow- open
opeation has aoccurred, | atches npvable contact arm 50 in its bl own-open

di sposi tion. AB¢IPPaied hewein By refgience. anrdhprovisies g tester sgparation of soptactsr
shown is int ' e id I sm 40.
Assenbly 190 a':ldng?t%rge% ?éﬁnﬁphllgngtﬁﬁ%%g@t%s&ﬁ?éﬁiq@ﬂ&%gé\%@?@@ a thermal
trip balOor peghiiesateddy teip maphanisor 40 ap describied ahavel in coptectionwith nanual
trip bar 198, Ig;iglgméunction of each of which is described in detail bel ow.
Assenbly 190 al 'ncludes an internmediate |latch interface 200 having a
protrusion or stepped- up region 201 and a cutout region or stepped-down
-region 203 with a dacbanectidh Vititthe dioxe-deserilzedibloiv-operpoperafian, tedssbhar a

cnannel O O ook gh ARl R sl s Tiotay 6 84 nchifall 454 e ence
functionally similar to that described in United States 5,910,760. In particular,
15 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, 108, 10C, 10D, 10E, and 10F, shown is
integrally molded trip bar assembly 190 of trip mechanism 40. Assembly 190
20 includes a trip 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 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
25 203A. Near one end of trip shaft 192 is a channel or groove 199 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
shoWri in Figure 10D, having an elbow 202A defining an end 202B, and an
30 end 202C. As shown in Figures 10E and 10F, spring 202 is wound around



199 has an end 199A on the underside of trip shaft 192 that defines a
cavity extending into shaft 192. Assenbly 190 al so includes a torsion
spring 202woainessown in Figure 10D, having an el bow 203&Tasdoiodzing an end
202B, and an 30 end 202C. As shown im7Figures 10E and 1 OF, spring 202 is
wound around is WO 01/16987 PCTI I B0OOl 01219 17 the end oftrip.shaft 192,
and is partially: seated within groove 199. El bow 202A of spring 202 is

shown posi t | OfiéleRd oPF hARACR! ally RoNARPscdtbd WithRchrodf fog) R N9 202

i nserted into e cavity. Goove'l serves ‘to properly position spring
202 and pr eve2024iofispdog@02 is shavgvpositionadsatend ofigroeves199, ovithy endi

enbodi nent wh b SPLI [ rQXI I . ' hes .in__dianeter,
or ove 100 | o 23RS 3Pbd 202 WeeBa RBIAL AL, dronVe 190 3EER 1o Brordr ™' 015
i nches deep. [gokitiohispang 202 and prevent dislodgaientthéreof fro shafl1e2¢ 4 at ch 90.
Latch 90 Includes a main nenber 206 having .ends 207 which are bent towards

each 1 ot hePrefgtred gmpedimentvhargingniing 402ds approsimatalys0tBimchesinendi ng

frommain nenta?:g j pt@&- ld3b Mk q@; ; )
portion 212, t emgtﬁgtdgio\%métq)%ﬁdg e'lﬁgtﬁﬁgam&%??g@*h%{%m a% 'ﬁ%ﬁ%r in
t he exenpl ary .0tninobésdesgp. Lower | atch portion 212 includes a protruding
region 213 with a bottom surface 213A, and a cutout region 214. 15

Referring now al so ] 12 and. : s | Bnb enbly
190 in conjuncti onR\t/e\n?ﬁrﬁth%@rﬁ? ilﬁﬂu%ef% 1%@91%:}%%"2%&#% ’éntéjljégg’f ic%fcrhgg;qst
breaker 10. Tingudesa mairbmembes 206/halingends|207 whicioarchbdnt toweandseach! | el

i depl ates 84 qf the.sidepl at senhl v, with its.end: i ti oned .wit hi

ol en U8 ope gty ang 18 whidh rededaRitoled or Bboints 208 ERoBAG At ek whi ch

trip bar 20 a?ﬁ@ﬁ&érﬁobqgaﬁ%pbﬂaﬁrﬁ%?ﬂibilgao%atd @We'r&téméémsﬁgektd;thby spring
y

202 that rotationally biases asse I n the counter-clockw se

di rection. Al dajch padiahs beinglineary. affsetdram eaeh otherjn the exemplaryri p shaft 192,

is laterally di.o ' 95 of

| atch 90 are (r%ah@eagﬁﬁmg?thQ%wgégigﬁﬁph?gﬁ?éﬁ?%ﬁ ‘reog?@&ng}gﬁghor |‘§ eﬁts 218

. I'n si depl at es b8ttomsunface 21§Apakbamputmit regiem214r rotati on of latch 90.
Protrusions or indents 220 in sideplates 84 S

15 Referring now also to Figures 12, 13, and 14, shown is trip bar
assembly 190 in conjunction with a pbrtibn’of the internal workings of circuit
breaker 10. Trip shaft 192 is shown Iateraily d_iS’pqsed between parallel
sideplates 84 of the sideplate assembly, with its ends positioned within holes
or openings 216. This disposifion_providés a pivot area about which trip bar

20' 'assembly 190 can rotate. This rofati_on is influenced by spring 202 that
rotationally biases assembly 190 in the counter-clockwise direction. Also
shbwn 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 sideplates 84, providing a

25  pivotarea for rotation of latch 90. Protrusions or indents 220 in sideplates 84
provide a stop for limiting the rotation of Iaich 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

pEe



provide a stop for limting the rotation of latch 90 in the cl ockw se
direction which occurs during a tripping operation as descri bed bel ow.
Figure 12 wHeyssobe | atching arrangement found in all dirmaBoodizees of
circuit breaker 10 except :t:he TRI PPED8di sposition. Lower latch portion 212
WO 01/ 16987 PCT/1B00/ 01219 of latch 90 is shown fixed in place by
Internmedi ate latch interface 200 of trip bar assenbly 190. In particular,

as al so seen idfdtt L 80 ite itk th ' ~mat ed
W th protrusi o 951 9bi Mowt Biatin s OF imérnedk o 1L IntacSa00r o
prot rudi ng redlasassemblyf190atio padizular, as alsoseesdn Figurejéccusoutaegion@ighi p

Shown’ abut ¢ ed TR S AT iaeee Wi BRERIsioR a1 pEletaB 208 wbperin o, o1 °
cradle 72. Becsurfaee!2aBANT PFothuiing Rgior 243 bf Rtshddipkak stsutted, shjagediue to
t he engagenent of |ower |atch portion 212 wth internedirate latch interface

200, t he® abut rfelatiopship withisurfaee RO3H of iniariaae)20Q.+ Hpeerdalch ppstion 31@af s the 10

count er - ¢l ockviyg eggqg %BBQ? ablted hard i%giﬁ?/t lt&ﬂ&?"ﬁérg@? a9 & %Ig?ﬁgﬁpfé

tension (descri above) experienc e cr ein I'rection.
However, dur i%gofecradie2i iBecapse tatch 804ds prayeotedfomn blockwisetrotgtiohalueds senbl y

190 i t at | ockwi ' h i.ng .tensi. i ded b i
202). caus, ndheerbasanagatreriARb Hhdioh 212 Wi e ediate JBERnfsree of o e
away from 15 20D, e ab@thentoDdsiRA I4teh portiohsIMwith Eradiy 72 peveAfs thegi on 213

of internediate |latch 90. This disen a%emnt .enabl es the spring forces
experi eled bycouptarslqckyise rgtationaf sradie 7. notwithstanding dhesedngitansian on,

t hereby term ' J : h Lon 210 and
cradle 72, angﬁ%%ﬂggg!’aﬁxgvgﬁ%egﬁ?gﬁB%éﬁ%fe;ﬁé?g‘!g;{ e c'rgun 'gr Hg%gc’ﬁﬁn se by the
af or ement i onedusingi axtippingtaperatdnasdesdribed beliva ki basdssembiin180és TRI PPED

di sposition desgribe bove in_ connectian with Figure 8 1nt referred
exonp! ary enbdQHIEREOCRYSE TeNsFearmBging spre tnelhoproYEEd By.seant 20gR: 201
(Figure 10B) tdausingeirrigs 208A @ intéiddiateratttifterface 200 teistftelawRoreis 214.

I n one enpbodi nent, height 201A is approxi mately twice 25 that of height

214A. TH's pr disatiedeengaged ratationship mitiraretrudipg spgien 243 ghintersmrdiate at ch
Bount or - of ociurien 49 "ipABerGhdtint heblbe U RprittadBuienkal 6 0 11 the
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
20 operating mechanism 38 is in the TRIPPED disposition described above in

connection with Figure 8.

in the preferred exemplary embodiment, protrusion 201 of interface

200 has a height 201A (Figure 10B) that exceeds height 214A (Figure 11) of

cutout regions 214. In one embodiment, height 201A is approximately twice
25 that of height 214A. This preferred configuration prevents improper

engagement of latch portion 212 with interface 200 due to any over-rotation of

tatch 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
30 and abutting top surface 201B (Figure 10B) of protrusion 201 which would



descri bed above with respect to Figure 9. In particular, it prevents the
bottom surface of latch portion 212 near cutout region 214 frominproperly
cont act i ngw@fAatey abutting top surface 201 B (Figure 10BcmaBogmosdr usi on 201
whi ch woul d WO 01/11987 PCT/1BOJ 0121® 19 is keep bottom surface 213A
(Figure 11) of protruding region 213 floating (di sengaged) and undesirably
alter the latch load relationship of trip is mechanism40. As shown in

Figure 14, spry | | 44 ' . 11 .shaft 192

w h ond 2020 ‘ERLEHon Sufigsd 4190 ol CYBFBRIMNG o2 feRifd ! (2 heq

| i nes) from i t{disengaged) angbendesirablyitertheviatch.loadtelatidnshipof tipyd posi ti oned
.under and in pressurized contact with Internediate latch 90. In particular,
end 202C i s pOeFRaNisM&%nder and in pressurized contact with an )
undersurface 209A of an el bow.area 209 (Figure 11) of latch 90. Positioned
as such, end 10 2024s stiowapin FiguizOm, 3prihg 262 & positiorfedrin ehamndl abQlfHip i Nt he

counter-clockwi se rotational direction, for reasons l‘j(i)scussed bel gw. The

conf i gur Bt i on, Shaft/192 withy end 202C; of $pring ép2 ated coupserclockwiseshawn ity ¢ he -

bi as force proyidiad iRgsPis it 205 ; : ' arld odEEHegUde
than the spri nagés?#ggé'gésexper'%gl%gsgﬁ p%s;lﬁocrf‘gshf)gvhr?@& ?ﬂgﬁtggﬁd\%ys er?tgbl I ng

t he cradl e sprunderfoddeprassurizedicantactiwith intermediate tateh 92 kini pasticlilarzendon (as
descri bed aboveg), when Latch 90 an int.e C | sengaged due
to a. trippi ngﬁ?ﬁggaqqsgﬁneaﬂ‘@%ef 38%h%é%\ﬁ@%ﬁ@éhﬂ%ﬁ/ﬁﬁ%@ﬁh@ﬁ%%ge due to
‘a tripping opergdA efarialibducdrea 209 (Figars ¢1)aflatel 90f Positioned asBach,araker felt
by latch 90 after cradle 72 has rotated counter cl|ockw se angol ower portion

92 of |30ch cu2QRR of sRfingr202applies g-hias fapes tojatch 90 the soumdergockwige i 45

force provi deduobitioffhidfeibn dor PRisod dikdgsddibblbik The@bRfigurdiish, sl B | at ch

90 in the counter-clockv | rect1on. -The configuration] size, a

posi ti oni ng of positicining aiospring 202ds chosen saithat thedbias force pravileddwy-ansk | at ch
90 in the count ey cl o dj L O Ve lo L ' ch
ort i on 2101 2085 e r ot iiB8e i edinioe B 1 siting (S kBAencdt °c;
25 Ihat ch cut ouy ¢ragdieor2, ¥erdby alwaysiehablirgethiel aradlerspring faroesiosotaté tatciabov e
Wit _ et _

—)

15 . 90 in a clockwise direc_ﬁori (as described above) when latch 90 and latch
interface 200 are diéehgaged dtlje't_'o a tripping operation. When latch 90 has
been rotated cIockwiSé Edué_ toa tripp_in.g operatib_n és such, the cradle spring

forces are no longer felt by latch 90 after cradle 72 has rotated counter- '
clockwise and" lower portion 92 of Iatch. cutdi.nt region 84 no fonger contacts

20.  latch90. The bias force provided by end 2'020'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
latch 90 in the counter-clockwise direction only to a point where upper latch
portion 210 is properly positioned to make contact with upper portion 93 of

25 latch cutout region' 94 during the resetting operation described above with
respect to Figure 9. The counter-clockwise rotation of latch S0 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

30 resetting operatidn, it could undesirably contact upper portion 93 of latch
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respect to Figure 9. The counter-clockw se rotation of |latch 90 due to end
202C of spring 202 advant ageously prevents upper l|atch portion 210 from
bei ng | ef tywhBu/fsef? OCKW se over-rotated. position (due tcedrimomwizgl e spring
forces) where latch portion 210 is e too vertical of a position such
that, during the 30 resetting operation, it could undesirably contact upper
portion 93 of latch WO 01/16987 PCT/ 1B00/0' 1219 20 cutout region 94 at an

angl e that wolgutbut rrs%s_sn 944t aﬂvéf@ébmad%mcpprbveﬁwr dméﬁélihdmulltff@r lagch 66 at ed

counter-clockw se (this rotation being necessary for lower |atch portion
212 to becone o Bedntatedcounterelockwise (hissotationdeing neressanyjetiowesialeh  As

i order to | ERrSH B2 rtebielatcrsPRiinr cbafinforRicd 2067 s Bachp B O ¢

protrusions ideally prevent clockw se over-rotation of latch 90 into too
vertical of a posi tAsdgscrbed above, pyotrusions orsstops 220 ate provided imbi ity to

acconmplish thi al ,.By s | i a constant. Bi as rce.on . latch 90 in
the counter- a"i%ﬂg%ﬁﬁé“d'?{ PE:EEIL} E%ﬁ“‘ﬂg'i\%°§6@\‘£'381[}°‘?3Pﬁ%f%§%8}5‘é‘?% s with
stops 220 to XReswprottisionslidddiy pisviint eldcRwise-over-Rithtivh 6FiatchTo it & St S.
There are several types of tripping operations that can cause trip bar

. pp! ng . > Lnat car A
assenbly 190 tvgrical at a ppsition.variablifiin parts may. imi theihapility & aggomelistnse
cradle 72. ; ' X Welr] p@e;&; ucture
associ at ed ?ﬁ@'ﬁ%ﬁhbﬁga@ﬂg‘ma%&éﬂﬂfe 1@. |g%%@m§ng\%§u§%ortion of
the internal Xiockwise digectioh, end 202¢ obspsring:202 Cooperaies Withestop22204a h base 12
havi ng en cut _a t 226A and 226B to prqvide.a better view thereof.
Shown iggtri p%\gpfem@ég@}%&%ﬁ'@@@@ﬁf&ﬂﬁ%gﬁ?&\oﬂ %‘ff?s'l% t hereof. Al ong the
outer sidewall of base 12 is a push-to-trip actuator 230 of trip nechanism
40 that is positi offére arecéeviehsittypds ofaripging wperdions Weat day causel trignbar dl .

Act uat or 230 i ncl udes 0 ttop 2 1 t.h g, t portion,k25A t hat ot rudes
through rect ar?g‘&?ﬁ\%?yob&é@?a%?@ {E‘F ”i%%\"sﬂa"?‘%%&m th?(ebﬁéésﬁﬁ? A w al so
to Figures 16/42ngdnd@fpe iB'eHahial tipping6perdtieh, Zvfthel strueRif® bbSstiatel @ Mai n
bar-1ike menber 231 t'hat slightly tapers near its bottom 232 where it
slideably fitgherewdthds ghaiwn i fFigure dSo dtigwrerl hehayws g podiostaf the intersab28 and
229 andyghe ol Giings & Wit SreaR@>fo tithihBadl"12, WthbalB12 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

20 button 25 with a top portion 25A that protrudes through rectangular opening

23 of cover 14 (Figure 1).

Referring now also to Figures 16A and 16B, 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

25 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



groove provides a guide for the vertical notion of push-to-trip actuator
230. Actuator 230 includes a stop nenber 235 that is positioned to abut
housi ng  s{yoiflkys® 229 in order to limt the downward nopcansaieipe act uat or
230 within this groove. For reasons 2l scussed below, a spring (not shown)
Is seated WO 01/16987 PCT/ FBO0/ 01219 21 between bottom 232 of actuator 230
and the bottom of base 12. Near its top, actuator 230 incl udes shoul ders

233 1 om i chyuuahtotof 247 bIESuBof 450 andthd balis of Bdse B4 Nalr 21, S

upon shoul ders own 1n gure es an approprrately
confi gured opeactogto 280 indiudestshouldens 233 frbrrmUeh Bipgarndly protnes tasclirvddlit t on

'25aISO|ncIudsa 7.whi ch abuts r dl ais_abtom
surface of cov ﬁﬁ“gué'g&f’bﬁﬂtﬁ FP%%'??J’B‘@%[P?%%"?" %ﬁﬁﬁ&ﬁﬂ\fb%\?m ﬁ

push-to-trip amehidesanappro Jﬁrmbl . cohfigured opeihg 286 38 wifith cutvey fahgy

clearance for handle 24 and its associated handle slider, as descCribed in

greater 8etail Z%nsmsemd@tﬁmr@ alsopaludss 3 ﬁhﬂﬁlﬁﬁfpﬂ&?x‘ﬂhlﬁh abytsiupwardlyni ddl e

f nb d
240 i th 5 bot et bAKRR shfiacd bFedet 12 s8astdimicind bRy Gorleaf | PUTTeS ST
of arm 240 i s mosemenicfpushsto-trkp actator230| and agubeut wommslforp bar

assenbly 190.- When.to ort| n 25 button 25.i.s es t he | t
S Coamar o roENBING Sebanen it fandie 24,80 1S B SoridsSd RRBUE Sk s mor ¢ 1 on 243
of arm 240 to g&uiBed i rdeltaupbéna» wmmm@au&&%dlytfm 8pprokimteigy trip

bar assenbly 190 to rotate in the clockw se direction. As described above,

this rdPati ontheimiddiegfingin memben %3a1s@fs°ll§héﬁ‘rt@ actuatar 2304s adownivardiy
TRI PPED di t d
ol ow 50, bt r a8 B 248ty bofith boftion 202, ORS Wit ROFiGEANYS ooRBR |1 11

return to its portion Quopamﬂnarspmmriemustatmvamarp.labbmbaml%aftnp bauot t on
25 is no | onger eﬁrgéi in a preferred enbodi ment, push to-trip actuator
230 (except as ik § is conprised of a nmetal such as carbon steel, and
is integrally formed via 25 a stanping process. As such, the strength of

the mai n portion ofWheh mn pdsrtlaﬁQSA of button 25 is depressed, the resulting

15 downward movement of push-to-tnp actuator_230 causes bottom portion 242
of arm 240 to contact manual t'rip bar or member 198, thereby .cau'sing trip bar
‘assembly 190 to rotate in the CI_'oékwise 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 shbwn) positioned below

20. bottom 232 of push-to-trip actuator 230 causes the abtuator to return to its
initial position when force upon top portibn 25A of button 25 is no longer
exerted.

In a preferred embodiment, push—to-trip actuator 230 (except button
25) is'oomprised of a metal such as cai'ﬁbn steel, a_nd is integrally formed via
25 a stampihg process. As such, the"strenth of the main _bortion of actuator 230
" is enhanced, enabling it to have thinner dimensions which are highly
desirable in view of the space constralnts of modem clrcwt 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
30 polymer (plastic) With electrical .'insulating properties. |
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I s enhanced, enabling it to have thinner dinmensions which are highly
desirable in view of the space constraints of nodemcircuit breakers such

as circuiyolisaker 10. In the exenplary enbodi ment, thepcamsizst eel of
act uat or 280 I's .045 inches thick. Batton 25 ist:preferably conprised of a
suitable 30 polyner (plastic) with electrical insulating properties. i
1191151 WO 01/16997 PCTII1B00/ 01219 22 In addition tothe manual tri pping

operation describeg, afGign. ';tﬁe%iaﬁl\’%l?ﬁ;ﬁﬁ@&gé&ﬁbﬁ%ﬂ&ﬂfem%ﬁ@gﬁ her mal

and magnetic tripping operations W se can cause trl
assenbly 190 threakerddncindes autpmatictherenal dnd anagnetic srippindopesiations!| ease

dle 72. The ,strpct f i di ng_th ddi § ] trippi

operations caith Biewse cofoalive e et deremR, APl e dodbisd (. 1 ¢

ON (non- TRI PPidactibrs 8RS theéreby relédde ¢radiel 7R OTHd stnictore ToF Frotviaﬁfagth%kel ower
atc

portion 92 of latch cutout region 94 of cradle 72, -and 0 heldin
pl ace by®i nt eraddifionaktrippingepetationscan bepseqndndtigwefowhichshews sirpuit
assenbly 190. i W RIPBES e Lt 0. 10
mechani sm 40 t a%&r?wg}ggﬁstéggﬁoﬁ ?n cl oggd%%%'%?’?@ﬂpékpfﬁa@eﬁed;i%gnbI y
190. Ref erri regainstiowerdrtiorF82) of latchiditoutr8gion BIGf ctédle 7208nd Rilch 80, 22A,

o 3" ey e 55 et o R 5B T e 31 L

magneti ¢ cl apRRseRbh2I 90 Alse shofn isB a'uﬁﬁﬁaﬁ@lﬁp"d%@émgﬁdm"tﬁéi c yoke 252
15 (Figures 19A and "19B) includes a substantiall | anar portion 258 with a

. . S, [ 1y pla
bot t om pOrt i ormeci@aisrrAbithalds pgsitiensd m'Q?rQ)WOZSEYYafPé"E bavassembly 180. wi ngs
260 and 262 having front faces 260A and 262A. At the tops of arnms 260 and

262 are pivot supp 26 s MW d t4i '\ fo3C 268 and
270 on which pivot q{rféggrr@?i ﬂ?gfg)g@r'g%%"%@ geégraﬁggl\be %’vsx%u'glaf/g?A‘suppor.t
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rear retaini ngnagneticralappit of armstire R56\eindslodd teriingli 280 tMagHetiegore 268 and
270. YO%< § 252 (%!g%(r)es 19A and 19B) includes a substantially planar portion 258 with a

bottom portion 258A. 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 266, with respective pivot surfaces 268 and

270 on which pivot magnetic clapper 256, as described below. Pivot support

20. - 264 includes a front retaining ridge or raised surface 263 that helps define

pivot surface 268, and pivot support 266 includes a downwardly facing stop or
protrusion 265. Pivot 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
25 terminal 28, as described below. In addition, holes or openings 274 are
formed through substantially planar porﬁon 258 for purposes described
below. Yoke 252 of the exemplary embodiment is made of carbon steel
material of approximately .078 inch thickness.

Bimetal 254 (Figure 20) is planar and substantially rectangular in form
30 and includes two cutout regions 280 and 282 forming a neck 284 upon which



I ncl udes a shoul der portion 272 above which is positioned a portion of |oad
25 termnal 28, as described below. In addition, holes or openings 274 are
formed thr@egingpstantially planar portion 258 for purpeyasesbesieri bed

bel ow. Yoke 252 of the exenplary enbati nent is nade of carbon steel

material of approximately .078 inch thickness. Binetal 254 (Figure 20) is
pl anar and substantially rectangular in form 30 and includes two cutout
regi ons 280 and 28 ' ti6h describé@ i
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substantially planar portion 258 with a bottom portion 258A. Protruding

from portion 258 a'Réféth%Wélﬁ@t@FigméwﬁA,ZQB, 498G, 298, 19B,i20921,28R, f aces
260A and 262A. At the tops of arms 260 and 262 are \%%vot supports 264 and

266, with resdi22R: shpwatin isplationds avtomaticdrip agserably #R0 @ndis\wafiolsgnet i ¢

cl apper 256, e ' L ot i f4 ont.
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and pi vot suppoagnetioalapper odasmatuco2stivand|lgad termingl 280 plagnetip yoke 282 on 265.

Pivot S‘F 8 polr t S(Flzgt?frle_sa A %rGIg _ 13@? %ciur&%ls %ds%b%té’n%gﬁy BI%ES‘J.S&rﬂgn-zsa with a
bofto_m portion 258A. Protruding from portion 258 are curved arms or wings
260 and 262 having front facés 260A and 262A. At the tops of arms 260 and
262 are pivot supports 264 and 266, with respective pivot surfaces 268 and
_ 270 on which pivot magnetic clapper 256, as described below. Pivot support
20. 264 includes a front retaining ridge or raised surface 263 that helps define
pivot surface 268, and pivot support 266 includes a downwardly facing stop or
protrusion 265. Pivot 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
25 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 carbon steel
material of approximately .078 inch thickness.

_ Bimetal 254 (Figure 20) is planar and substantially rectangular in form
30 and includes two cutout regions 280 and 282 forming a neck 284 upon which
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protrusion 267 which hel ps define pivot surfaces 268 and 270. Yoke 252 al so
I ncl udes a shoul der portion 272 above which is positioned a portion of |oad
25 term nafogaduges described below In addition, holes aicrapmmpipgs 274 are
formed through substantiall:y planar pgrtion 258:for purposes descri bed

bel ow. Yoke 252 of the exenplary enbodi nent I's nade of carbon steel

mat eri al of approximately .078 inch thickness. Binetal 254 (Figure 20) is

pl anar and substantially. rectangular in h.gr 30 and includes two cutout
regi ons 280 _aﬁaam-.wmmtﬁgv witer hasanaibwd whi ch - 1 1vil WO 01/ 16087
PCT/ 1 BOO/ 01219 24 manner, with width w2 wi der than width wi. Referring

briefly now al so t RefértiHgriefly néw also @ Figiresfdds2r,shdwniin Figure2Btis an of base
12 into which load term nal 28 npunts when assenbled into circuit breaker

10. Base. 12 IRoEQReihaseataistawhish lgagh tasming) 28 sounts when sssempledrintoeach
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channel s56 520 theriebf, ach eithsshbottate 5222 % shown iRi Kigure 242 Bje sifes of planat 28

but the bott .52 f.channel. 0. I X h, Wt
"nterf orence. PETIOMASA pLIEAGHgTHg 2By 3ma W mtuler RobekBsmion: S0dinserts 2o
rel ative 10 bam chanhels BR0NIY BN shdifBers 276 (sel Mgue 20B) ot 28 or ©

channel s 520 fornmed therein are slightly tapered fromtop to bottom as

p . ;
best shown i n abuljthecbottoms,522 of ehannglace2iingerted as suehywith an interferance Thi s
tapering aids g Brdv/ife . r | mirfa : ' Pl anar
portion 290 ofﬂtperr-'n rﬂwgﬁa?gllﬁm@%%ﬁgﬁﬁng gfzgt?g?ga%?bs%%a?{o
provi del@ snugrévantedeTheisides o basd 32) arxtbtheraefore ehdrimets 20 formed ti¥8inenhance
the frictional_en nt. t ween . term nal 28 and chapnel s, 520, thereby
al so resistind® ﬁ@ﬁ@;{gpﬁﬁ?\agmf%? bqttg:rqﬁqq,at?eségﬂtp\&ngl pure 'Hﬂg\; 12. In
order to furthistaRted2 Greatr thah AistaREdE MThis Wpdrigaidstin th8 Mididéd | ve to base
12, cover 14 includes an abutnent portion or ‘wall as shown in Figures

26 and 27, haRwRHGODSF PaRP HRa T edaDeInGAIERN RArtary S9bef BroalZand
ST b SR R B Bl BE Ao 2B RERKT dibr 11 2
15 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 portion or
wall 525, as shown in Figures 26 and 27, having a bottom that is
20. appropriately 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. In the exemplary embodiment, the bottom of abutment wall 525 includes
a contact member or crush rib 526 that is positioned to directly contact
25 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
525 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 rest of
30 cover 14 but with a reduced amount of fiberglass in order to provide



hol ds protrusion 306 down, thus keeping termnal 28 fully seated in
channels 520. In the exenplary enbodi nent, the bottom of abutnment wall 525
i ncludes @oWRhkAst nmenber or crush rib 526 that is posivgmBewit® directly
contact 25 protrusion 306 when cover 284 is secured to base 12. Rib 526 is
‘formed of conpressible material, thereby providing a little "give" to the
abutment of wall 525 with protrusion 306 and ensuring proper fit
notvvithstandl | ity in the circuit breaker conponents in

i ssue. In one er@nlﬁgatcﬁ{njb%égﬁgk rib 526 is formed of a thernoset gl ass

pol yester material |like the rest of 30 cover 14 but wth a reduced anount
of fiberglass. in orfiguresd8fvand 168 sidw atoredtic thpassaobly 25019 asgémbledhanced
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contact) wth 5 ortlon 258 of yoke 252 A screw 255 is. shown partially

screwed Pnto obyoks,253- i) Somew 255 issthawn pastiallyserewsd ipto Bneet al 254,
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to top region - t erm nal y way of a conventional heat
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" positioned ab oul der 2 ke 252 ar rtion 290 of
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which are inserted into holes 274 of yoke correspondi ng hol es 300

of termBal 2272RfYakeR52ywith P!?“ﬁﬁﬁﬁ@'l"n 2900t ierpinal 28 parglial ang dd Gentichas
only one heat -G ?I%thﬁldem&tﬂﬁﬁ 85@ 'ofgodk | n?i]' SQ@U&? ARal28 {o%gg Lhre296.

Positioned in con seat pI vot ces . nd 570 of
yoke 252 are Hecutingdeviced suckt asitivets 830 \Mhiu:raamlasm intorholes 3‘64 of yokea

ns"seon | o BF oA Lakeconfi BB 40 or ApeTd S8dnba s Bicralifhe . o0 O
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process. _Armature 256 is fi ted (as shown) wth cu out, 31 osi tioned
bel ow p#%ot sipaeft %"Gg!i’f'ilé (ﬁrﬁsfﬁg'epﬂﬁﬁﬁmad‘&'f'&?ﬂat@l'? VB SUFACES| car ance

268 and 270 of yoke 252 are plvot arms 318 of magnetic armature 256 for

providing a limited range of motlon of clapper 256, as discussed in more
detail below. As seen in Figure 18C, chamfered region or cutout 317 of
~ armature 256 facilitates this positioning of the armature during the assembly
20. pmcéss. Armature 256 is first tilted (as shown) with cutout 317 positioned
below pivot support 266 and stop 265 théreof. Cutout 317 provides clearance
that enables arm 318 above cutout region 314 to then be rotated into contact
with pivot surface 270.- Arm 318 above cutout region 312 can then be easily
swung over the end of pivot support 264 and into contact with pivot surface
25 268. 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. qu springs 253 (only one is clearly
shown) are attached to and disposed between holes 320 of clapper 256 and
holes 302 of terminal 28, with curved ends or hooks 253A of springs 253
30 protruding through the holes and providing the attachment. Springs 253 have
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t hat enabl es arm 318 above cutout region 314 to then be rotated into
contact wth pivot surface 270. Arm 318 above cutout region 312 can then
be easily wéWwigsPver the and of pivot support 264 and iwgraBemt@ct with
pi vot surface 25 268. During operatioze.of circuit breaker 10, pivot arns
318 are maintained in contact wth pivot surfaces 268 and 270 by way of
retaining menber 263 and retaining protrusions 267 of yoke 252. Two
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6 n L endency 243 RBR IR Heintaisiathar 226 A aparton et reafedeiviloniamed B ¢ on
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252, and to maintain clapper 256 in a position_ that is rotatio
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seen in Figur QNﬁ}(&%ﬁck@fsggofﬁefﬁlgéﬁg&@iw%gﬁsﬁétflal?ﬁelééfsgfap g{ 266 1s

positioned to make contact sero 19856 (near

shoul der 315) ,maxifium angle of ratationahdispircentent obtlappen286.di spl acenent of
cl apper 256. When inplenented in circuit breaker 10 as shown in Figure 7,
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TRI PPED di sposaﬁtomat.dmssbmﬂ)azwepemtmemmmbd?maﬁm & tripibapever
overcurrent conditions exist in he ON di sposition. the_ ON dlsp05|t|0n

as s_hoW’l in Fﬂﬁ?&FE"Yiw%lﬂé%’?PY é%lpa@ng ceadlle ¥ 2 yhich 'Pﬁd$ F%thﬁoTR'g\ﬂErR) or
opposite di ritﬁé;?dgﬁo é%@lbé@gb6€émtg§3{p gﬁorl)@vﬁﬁ ?%g‘aﬂﬂ@ﬁéfe ryoke 252 and

bi metal 254, rom ottom portion t 0 novabl e cont act
arm 50 t hr ougrovercurtend gonditienscexist indie Qhdispositior=i pthe O3 dtSDasmoe agel ded

t her ebet ween, i onary
cont act - arm 5 Ane i o Bosfiital BB n M8 ol hiad bF BPBS S, T ec s 1o
an undesi r abl ydikiction)pfrerm ibaderminiae 28/ theUghaviagmetic yoke'@52carid bimed] 254,
provi di ng bot h a thermal and_a n?gnet Ic _20 tripping oger ation.
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

20 tripping operation.

The thermal tripping _operatibn 6f automaﬁc trip assembly 250 is
attributable to the reaétion of bimetal 254 to current flowing therethrough.
The temperature of bimetél 254 is proportional to the magnitude of the
electrical current. As current magnitude increases, the heat buildup in bimetal
25 254 has a tehdency to cause bottom pbrtion 287 to 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
30 thermal trip bar or member 194 of trip bar assembly 190. This contact forces



The thermal tripping operation of automatic trip assenbly 250 is
attributable to the reaction of binmetal 254 to current flow ng

t her et hr ougp a11ddae tenperature of binetal 254 is propor tpcanshodioiot he
magni tude of the electrical current27 As current magnitude increases, the
‘heat buildup in binetal 25 254 has a tendency to cause bottom portion 287
to deflect (bend) to the left (as viewed in Figure 7). Wen
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ronber 204 of GreiREBrO et yres ustermpluibbing aleton e hasdibedtesy
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t her eby rel easi n% cradle 72 ich Teads to the TRI PPED disposition. The
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trippi ng oper b anging
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by sel ecti vel yprstrudastq:;aseltawe%fdht tHréughithee 6thér side of bimetali 254 tawards 7) .
farther into gpeni 288 such, that it rotrudes to ertapn extent

ir ough ¢ he ot BB B MarmbaT oy, Potiurt s SUC Seiri 2o ncelineRiRr 104).
Protruding as mufdreadfly 88htastnbimdl ®p Friepitset 104 (aﬁ@frﬁ.srrs&@é h¥sdrblly A90)
thermal trip menber 194 (and thus rotate assenbly 190) 10 when bi net aI 254

def | ect 30. t huswhen bisetal254 deflegts, thustseledtivelyrredusingitivel areunt of deflegtions

necessary Lo SAER folSsid . hOGHASAN Bfbro, UL, 9, 00, 220 o

respectively, which ease and facilitate the hi gher density downwar d
current flow in thdautoutrggions 280 @and2f2 ofbimetal 266 bave raumded comrers i rcui t
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250, cutout redprsity ddwnwardcursent®ow ih tisodecregions (duririgtheON Alsposition of
our e 182 | b eraer dph Bt BB reroniib fiba noweaY Brau °“2n§f’§r (see
28?3 Ltngr 28. oﬁ BEWEER head poition@B8Chrid néckZ84. Nh @A 48sbinbldtPatbmatié frig-ont r ast ,
assembly 250, cutout region 282 extends down the length of bimetat 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
20. components 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 suscéptibility of those portions of
bimetal 254 to increased eddy current effect heating that could cause an

25 annealing or pitting of that area during high (interrupt) current conditions.

Automatic trip assembly 250 also provides a magnetic 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

30 to pull magnetic clapper 256 towards front faces 260A and 262A of yoke 252,
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280 extends to a point approximtely just below the bottom of arns 260 and
262. This provides for a wider binetal 254 bel ow arns 260 and 262 of
magneti c ke Whi ch reduces the susceptibility of treras@miitoons of

bi metal 254 to Incr eased eddy current2geffect heati'ng that could cause an 25
annealing or pitting of that area during high (interrupt) current
conditions. Automatic trip assenbly 250 al so provides a magnetic tri pping

operation. fiAZ ﬁ‘“ﬁ'@g gfi{]w&&m&%@&mﬁaﬂwa@&@e V&K Gesciibed®

magneti c aving a strength t I's roportlonal to the
magni t ude of tabevedhebedy of Tlappen2gistwidef thandhe bady af yokes2b2at Whent i ve.

force that has a._ tenden 30.. to pul netic d r 256 t rds front
faces 260A andoBiYTieytkanations eREl, s HHFEh A BRERY sorsar i 36 The
magni t ude of tddhAeétbd batiéerchbles 820 io cﬁmeaMﬁalé%%OZQﬁ IERFtekhinaf
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bottom portion 319 of 10 cl apper 2 nmakes contact wth netic trip bar
or menb#® 196 qlannen25§§nal@$cqmtaqliwdhgua@enc trip bg@@ttmambprp whicha@8 bet ween

cl apper 256 a b%.jmr noves
the end of tr :Lg'o ar T%ﬁ& E @ﬁ@%“ﬁ%@mené{%@\?éé&a%sgé r38é562 of
yoke 252, therﬁﬂﬁdmmmofy«kq&mrﬂassenhww%tl'reemidttapbarﬂae cl ockwi se
dlrectlon This | S,to the 15 TRI PPE n . as cribed i.n detail
above in connéﬁpﬁéﬁgﬂuﬂ’?w&ﬂr"é‘“@ a'@%?ﬁ‘fﬁé Pﬁé‘?‘ﬁ?ﬁ?éﬁr ﬁglﬁg’ "p8r at i on,
the predet er miRg BaF dédePhbily 1982 rétBR in thé BRERWISE direBREH) ST IdddsRE the
operation can be adjusted. Adjustnent nmay be acconplished by
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connected bet ‘“ﬁ@ Withthé Y8R iﬂp%é&pgeygﬁo:ﬁ the? BFéde?e“rﬁuﬁébdcdrPélﬂ 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
20 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
terminal 28. This positioning of metallic magnetic yoke 252 causes a general
reshaping of the magnetic flux lines that are generated by the oppositely

25 flowing currents in terminal 28 and bimetal 254 during the ON disposition of
circuit breaker 10. By reshaping 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
30 likelihood of the force causing terminal 28 and bimetal 254 to undesirably



20 termnal 28. In Figures 7, 18A, and 18B, It can be seen that portions
258 and 258A of magnetic yoke 252 substantially extend between binetal 254
and | oad &ydihédy. 28. This positioning of netallic nagreermsoneie 252
causes a general reshaping of the nmaghetic flux lines that are generated
by the oppositely 25 flowing currents in termnal 28 and binmetal 254 during
the ON disposition of <circuit breaker 10. By reshaping the flux |ines,

this configurgtion limts the . ween the flux lines, thereby
reduci ng t he 3{!?%?63’698%9 §uc§@gégb&§[\%ﬁl@i\%m nal 28 and binetal 254
that is generated during high (interrupt) current conditions. This
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substantially tB HErbof, 8Gionfs 33WAPat\bause rontFade S35 o' RiverPsmaNsr width via a
curved regi on 338. For ned . t hrough portion 330 are holes or_ openi ngs 340

(for set@remnerthan &m@gh@i[qqanggq@é 3§g,29nd 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 s_ubstantlally plar_\ar region
336 which is offsét from portion 3_30_via a :durved région 338. Formed through
portion 330 are holes or openings 340 (for securement to magnetic yoke 252)
20. and holes or openings 342 (for attachment of the two springs 253). A tab or
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.
25 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,
30 automatic trip assembly 250, is eSsentiaIly the same as described above in_



20. and hol es or openings 342 (for attachnent of the two springs 253). A
tab or protrusion 344 (having the sanme purpose as protrusion 306 of

t erm nal é%mn%ﬁtrudes fromone side of portion 330, wpciaseem@rivespondi ng
cavity 346 on e ot her side. Ri bbedigportions-348 are also fornmed in
portion 330 for the reasons described above with respect to ribbed
portions 308 of term nal 28. 25 Ri bbed portions 348 are not as pronounced
as ribbed portjons 308 due to general increased thickness of term nal
28A as conpar &Rpéﬂ%}wﬁhgﬁ ) Bgal t hough they provide a sinmlarly snug fit
wi thin channel s 520 of base 12. Al so shown are support ribs 350 for

enhanci ng the str eiRgférring now todtigure 9, showAds aif lexampler seifi-retainihgicellat nal 28A

D50, 1's' essania®h gt vy bessed yitr e laskttehioels for 2Bl or netesmingger
PCTABO0O/ 01219 to%ennea%ﬂg%n%&tbré %Fataﬂcﬁﬁr %gfr@%jtbaa 5}&% PditiGh 9ur €.

29, shown is an exanple self-retaining co ma e used with
ei ther I®Dad t 80 havingg substantiplly apentended:sauareshapey Base 4fhincludesxt er nal

OB | AR B PR 0 R .
. e gl pnct et sce 7,
e gl SRR ot b o o e 50 O
through which g, 6;5&?\"!%’{&6%!1 %ﬁﬁhiaﬁobm&?ﬂas IsIndetfods iR e éﬁé(mégéy ot at abl

y

enbodi nent, top portion 4 IS a sc aving a clanp portion
connect ¥@ t o temebddimentntomh portion 48B1is aserew baving axdamp podion 6 retatablyo t he

end of one of [ ' it breaker 10. Describing this
connection w t%“?’gé%gg%’“?%ﬁ?@%ﬂﬂféé%ﬁﬁnal 28 shown in Figures 22A and 22B,

connector portion 292 of termnal 28 is 15 inserted into base 480 such that
rai sed surfaces 291nabe;callat 295 is cthinecteddonto tiie endpforienof thé4erminalsg@liged by

A e Lo e S L RERICTE N
smal l er than tdWwnin®Figures 2RAQINIZEES; cHRRectbPp&ifioh 1292 Bf tetmindl 28 is
15 - 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 smaller than the inner width of base 480, to easily slide in
_ and “channel” the remainder of connector 292 therein. Protrusion 484 of . -
20 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
brevent 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.
256  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
28A shown in Figures 28A and 28B, connector portion 332 of terminal 28A is
likewise inserted into base 480 such that its top surface abuts detents 482,



and "channel " the remai nder of connector 292 therein. Protrusion 484 of 20
collar 295 provides an interference fit with opening 294 that resists
lateral mysiRggs7Of the collar relative to termnal 28.pd¥Beid1%19482 of
collar 295 prevent vertical novenent3bf the collar relative to term na

28, and the enhanced frictional engagenent provided by raised surfaces 297
of connector 292 also resists |ateral novenent of the collar relative to

termnal 28. 2 ks Pg% ' j A isin
a self-retai ne%nﬁm%ésl t %§4 i@cbral(gglar?g t eaggtr??é%ﬁn?naq%fugegﬁtggs W th
respect to | oasfterminah28, cuteuts333.af terminal 28Actaciitate thislinserionandrprovide
portion 332 of termnal 28A is. Likew | : ' e such t hat
its top surfac& %’B@'&%&Psﬁf%‘aﬁ@‘z‘ f&rﬁ@@ %@é&l@%&#gé%f ?go"'éﬁ'%ﬁ 31 and .
until opening Zgtbut 33EBEEEMTRCIF 332r4ls0 ficilitates thesinsertidn becanisedt igut out s 299

of termnal 28, cutouts 333 of termnal -28A facilitate this insertion and
provi de % si n@pPRfopEatensized gndcoatigured to ehannebaifgularairotusion A8 of epllag32.

Notch or ~cut °?bs%ﬁ&eP&orﬁ@&ﬁ%@M@&?isgde?{éﬁ{:iﬁl:éihéé rﬁfec?]é‘r%abfié BfLion
because it is appropriratel’y sized and configured to channel circul ar
protrusi on 484 intfeasald thicknésbas icolvparedio eonnact®3292wfi tefminal 28: nevotrasiah si nce

connector 332 ig,0f i1ngreased.thickness as ared .to nectar, 292 of
Lorminal 25, PRt eEPlA 293aA0udon gy ripiorghce Wby oBenind 38 thatipeinte: 1

wi th openi ng 3ggefahoveRehtbfthelcaliar relative tetsiminab RBAh ©eténts aB2 ok kallarve to
- termnal 28A. Detents 482 of collar-10 295 snap into i ndents 331 of

connect k0 332, 2B shaRintg indents, 231 pteannestor 382 praviding ap interigrence fitdhal o
movement  of COHs%rrF%%é Iéfe'rél%c‘!\'{éntu&ftto? ) '?bs%ﬁiéﬁvé"t& frmftal 88A Switf2 al so
col l'ar rel at

. preventing vertical novement o __ Ive to termnal 28A. A
sel f -ret ai nedddtents482 also préventing aertizabmbyembotofraoliai 235irelativedo col | ar 295

I s connected opnto.,t nd, of ,one of the ferninals . Ci i,t breaker
10, the end of ?%{H‘"é!?éan% s%%?%ﬁ’@?ﬂrd' gﬁ&'?ﬂghoﬂér?ﬁgéﬁﬁﬁ re%@gﬂeen cl anp
490 and the top surface. of the termnal's connector portion. Canp 490
.can then be | ower edAfigr callan2951s carinectedronié thecerd\ofi@® ofithe terhiimals of anp

frictional 1y S gt U frehksr 16 46E 834 of SN fehR cbRaddiSr dafl HeR B indeiledl "
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
20. 1) which enables a tool such as a screrriVer to be inserted and to
appropriately manipulate screw 488. |

Referring now to Figures 30A and 308B, shown are cradle 72 and
cradle pivot pin 82 of the present invention. As _show_n in Figures 12 and 13,
| pin 82 is laterally énd rotatably disposed between sideplates 84 of circuit
25 breaker 10, and provides a point of rotation for cradle 72. As shown in Figure
| 30A, crédle 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
‘30 portion of pin 82. Before pin 82is positioned between holes 396 and 398 of
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access to screw 488 is provided by way of one of holes 20 in cover 14
(Figure 20. 1) which enables a tool such as a screwdriver to be inserted

and to QE&gm&@,tel y mani pul ate screw 488. Referring negrimsmwhigeres 30A
and 30B, own are cradle:72 and cradle pivot pin 82,of the present

I nvention. As.shown in Figures 12 and 13, pin 82 Is Iaterally and
rotatably di sposed between sideplates 84 of circuit 25 breaker 10, and

provi des a poi tiop for radl 2 . e I gure OA cradle
72 has an operﬁ"i?d’?a\s@%g%‘z i) \9%? %@gf@gﬂgﬁk 'BY‘E\SWBPW'

extends. Cr adlcitott 30457 apBRlife3ID. aeemetsubetaaaﬂ pressiirs is fdt required mal ler
cutout or hole 392 interconnected with (blending Into) a |arger cutout or

hol e 394. Larqider tednsant pip$2 thepughout394s Ping. @avaﬂyemtaemnﬁuhe t hi ckest

di t 30 I

Soe and 309 biiestTEaBh Bl psifam BRI apspRaT Wi BRAIG ST, U cc
Fi gure 18), piinteffaltemperaturgs sometined emcdmatpreﬁnmwghnt beeafers. AmSthn 394 of
pcert i n o2 TRRGS 2080 2 neRoeR ety b guy e ©
heat -treated flgn tﬁt rﬁafatzfxpsésehhﬁtndehemn ra?g@rmﬁldga) ’f thish shistedslicRY t he

hi gher 5 |ntern ures sonetines encountered in circuit breakers.

As shown in Fthgtooﬂm&? beeorpes seateddate sinalles puloyt 39Rvputpus 3LRibsing 97

d I { tout 394
iy oo, s loiBlle Ry dRon  BERAIB e 3RS LEReIhd B, Cut oLt 299
392, cutout 3%kehwplary enmomdempepabi\ngqmnmgagmmaé\m Bacadse/umrhenat t he
. ti t b 8

Therei - Beca AR BE SRR stoBpSdrarY porERR LIEIRR PRI £ on 307

are too thick drialfer tutbiut 9921 th8y'Bldvitle shtuldtrs Shich éristire Bz étadife FR0UI der s

whi ch ensure that cradle remains centered on pivot pin 82. \Wen pin 82

i s then rotat ersmatmr\ter@d@@ pivetpiR 83. N¥herspigd2 laﬁ@mwtablwogépnsﬂes 84,
cradle 72 is a&%(tﬁeé%&@&%b% a&i&’dési%of]s?dé %498.%%?2“% 4t i Iotitd fpppat | ons

of circuit bre escri ove |s totation can occur in ofe of
two. manders: thembmnganmagsetttotgam;mramn(mfmpt breaket $0 dbjcriied alshveor cradl e
72 may rotate Wu tg on can t(>ccur in one o# tewo manners: cradle 72 may rotate on
(independentily 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
20 operating mechanism 38. In particular, proper rotation of cradle 72 can still
' ob_cur 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 pofﬁon 397 of pivot pin 82 with smaller cutout
25 392 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 preventing substantial
30 movement in those directions which could result in a loose seating of pivot pin



396 and 398 of sideplates 84). These two nethods of rotation are

advant ageous in that they provide increased flexibility to the operation of
20 operati §@ diRgdani sm 38. In particular, proper rotati arcmBie2dl e 72 can
still occur even if pin 82 sonehow |3cks up and cannot rotate w thin holes
396 and 398 of sideplates 84. During the assenbly process, stop bar 88
serves to help maintain the engagenent of stepped-inward portion 397 of

pi vot pin 82 V!thh%@!rbﬁfousswwnth&i?t%ﬁ?aséerﬁmadbﬁaﬁebreéﬁeﬁtm% bair 6F gur es

6 and 8, stop bar s positioned close to, and substantially to the left

and bel ow, an siderbside carapressiop sptings(no shown) agting upon gradie f2qmevide adl e i s

I n an assenbl y- ¢cor Lve o) |-G, L& , Sto
bar 88 has o (SRR e wRR el Ehedls ot e B 885 Sl iR, 0 1P
and/or to the stepped-innard portion'397af pivdt pinede.i Althclghratorebands and thepair
directions which could result in a | ose. s?at' n f pivot gi n WO 01/ 16987
PCT/ JB00P 0121 Pf side-byside comprgssion. serngs rgaitain h’qg?fgfq"g?"ﬁw? assenbl ed

circuit break men théy 56l 8nadl QM&w;@Q@gﬁmm & i ngs (not
shown) acti ngettsjn 0 e’cr adltgg%golgért%'?ggel 'na' gpri ng Torce whi chﬁal SO serves to

keep smal | er cengagementwbarehyatadie7? may adyantageanstyonens a soallztistante pi vot

pin 82. Al though. st r d L5 oo hy- S essi on
springs maint a?ch?"ﬁh%&gﬁrsﬁnﬁﬁ%ﬁ%\gges[e)ﬁsgeagengh?ﬁbﬂﬁetg)(%%%g%ﬁgﬁgg’s enabl e a
little "give" dperatinginechanisrat3s. engagerment whereby cradle 72 may '
advant ageously nove a small distance about pivot pin 82 which provides

I ncreas flexibili to the.opetationof . oberati NoJn ni. . 10

Ref erri ﬁg again to %ﬁﬁﬁ"@sagff @%Q‘i@sq&%’y ggﬁ%"?%@ﬁ%\ﬂ/ﬁwﬁ%%?%yl y

di sposed bet M’Qﬁ@pﬁe@ﬂf&tﬁé@ﬁsﬂé?laﬁsm.beob&&ri&dhﬂdﬁs @ss4stbwhichiarg, are,

in the exenplary enbodi nent, of a snaller @ met er than the._ nai ortion of

bar 88 and sep'arﬂéﬁ éﬁemﬁ'éﬂé?mbﬁﬁ’impnﬂﬂflﬂ ¥ua ?ﬂ"?tﬁj Fﬂéh%g?jg?rﬁ &PRQEQS 450
have a1 ar ger SH S Serbrdhd nOrBAGA! ) foulderk 45 DR R e s o
si depl at es 84.45¥ arerinserted intesholes 494 op sideplates 8dootil siroulders 4520whighot r ude
out of ol es 454 21,000, +0ReP in GhbrisioR4 bt ihEPRIrAcES i o machi ne.
sideplates 84. After this insertion, portions 450A of ends 450. protrude out of
holes 454 along the outer surfaée‘s’ 84A of sideplates 84. A machine, such as
an orbital riveter, is then used to inward'ly spin press portions 450A until outer
shoulders 456 are formed (only one is shown) which, although of sufficient
20 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 shoulders 452 to help maintain the spacing between sideplates 84. In
particular, outer shoulders 456 will resist further outward separation of
25 sideplates 84 pote'ntially caused by, for example, forces generated during
high current intertuption. inner shoulder_s 452 resist any inward movement of
'si.deplates 84 (fow_ards each other) that could potentially occur. This
maintenance of the spacing between sideplates 84 serves to help ensure

proper positioning and functioning of operating mechanism 38 components.

30 Also shown in Figures 12 and 13 is a support bar 460 laterally
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an orbital riveter, is then used to inwardly spin press portions 450A until
outer shoulders 456 are forned (only one is shown) which, although of

suf fici entgd@y/icody Ckness to be structurally firm are tormemnezugh so that
they are substantially flush with red@pect to outer surfaces 84A of

si depl ates 84. Because outer shoul ders 456 have a | arger dianeter than
openi ngs 454, they cooperate with inner shoulders 452 to help maintain the

spaci ng betweep_ si depl ates - r&d cul ' S i 6 Wil
resist furt herJa E’&&%ﬂg?@?ﬂ@&%&é’"ﬁ#&@Fﬁtgﬁ&??gﬂj %@H@gﬁ% caused
by, for exanpligeludéy 6fds 4827 @hithaste dinthé exemplaly embodinterit/dfel sriafléron. | nner
shoul ders 452 resist any inward nopvenent of sideplates 84 (towards each

other) that cdolipmetssthar theimgingastion ofhar 460andRepaEated tharered typaci ng
petween si dep! dHoGicR464 " BEfng AsS8Bly *aRdY £2 BreQREEntPitd halBs 486 R _
functioning of operating rrecﬂ nism § conponents. 3 so shown in Figures
12 and 18 |s awsidepiates 84huntil gtiuldars 464|(Whichlhawe a0arges dbametenthabOO’' 01219 34

di sposed between si de tes 84. Simlar St bar 8 r.t bar 460

i ncl udes ends Qﬂ?f? i%‘{i‘&?@?c‘ W"?ﬁ@"@?ﬁ%&r?ﬂ@ﬁ?@ﬂ?ﬁgﬁt %@P Ssmal | er

di amet er than jhfErtioR poritsts 46ZA 6f ety 46E5profrlde DAPT 1951641466 alohbtha ollter
shoul ders 464. During asse ends 462 are inserted into holes 466 of 5

nol vy,
i depl at es 54 SHERES S48 GF sileplaies B/ BACHiRR SUSh [asafcerbiialiivetas: isthem
openi ngs 466 ol B . . | [ this
iP\sertigon, pér#@ﬁ%ﬂ%‘uﬂéﬁéﬁ? 'ﬁﬁ%@ tgg’ta {eg%ﬁﬁglﬁégstﬁé%ﬁg ong the
outer $0r f acdormed\(armly enel ispshwivery). 2dthodghrauter sbouldersi#G8sararof suffictent
riveter, is then, used, to. inwardl ¥y spin press portions 462A until outer
Shoul der s 468 Rk P ametaany frmahe B Sodar B he sitsiaphe AGHH ce: <
468 are of sufyitifieepbct tbitiutérsnirracks 8AA of kideplatds84.y Betawse duteyshtuldérsi n
enough to be substantially flush wth respect to outer surfaces 84A of

si depl at es 84.468havesalasgrrdiamptastorn epenings 466 dhey ceprpsateWitthiBREF t han
openi ngs 466, r Hcwitd i | A4 | op bar
88, to help rraélﬁrel)t%)geﬁgtaﬁg’ spac%\é{bge%hmiﬁaé i@%ﬁ%ﬁ@é sﬁ?ﬂp\#e?‘ﬂ%é&mnner
descri bt8 abosideplates 8dcint thermaviner descibddabad®.in connectiona¥itiy step benB8di nment ,
stop bar 88 and support bar 460 are

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 of sideplates 84 that are substantially on the
: opposite side of where holes 454 are formed for stop bar 88. Such
20. | 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 -
25 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
handie assembly 70 and associated parallel sideplates 84 of the sideplate or
support member assembly of circuit breaker 10. Handle assembly 70 is

30 formed of metal in the exemplary embodiment, and includes parallel and



formed of carbon steel nmetal. In addition, holes 466 for support bar460 are
preferably formed in areas of sideplates 84 that are substantially on the
opposi te sy@apdesyhere holes 454 are forned for stop barrcGaBocBazib 20.

posi tioning-of stop bar 88 and suppor3s bar 460 provides for proper spacing
mai nt enance of sideplates 84 along their entire length. In the exenplary
enbodi nent, support bar 88 is positioned between trip bar assenbly 190 and

crossbar assendgymmeéflical ghdix agdenitsly platés 1 00 thidt dresEarelclir togéthepbpat ed so
that it does not interfere with rotation of those conponents. |In other 25

enbodi nent s, dandle plaiform 1pj dhat infercpnpggts with handle 24 of eirquithreakerdidrs ¢ o
furth ' ' | | ' .

Fi'gure 31 and SOHsEEH bBRR, ESLHRS Bedh i ol J0T ol SR SBEhINEH02 ) 41
asso% ?t edf pa_r(ahly_eﬂnsl;d)fddpit;ms%m&m ingFigm'e_ Hi) ggrugn ghfwh h;ndftqms‘edmbtyrbf ert -
asse of circui reaker_.10. ndl e gsse i rmed .0 al in
t he exe%ﬁl ary r@ﬁ?foéﬁ ﬁgﬁf's H%“"Pr#é‘ia §?%h?'§?l"d"‘<]ﬁc?% Pi‘@éﬁ@g’on 104 ° _
PCT/ BOO 01219 th3brotataBRirhates withal EdrrespoRaib! pivatlsaiface dtbut 18 (Figwe a2y nect ed

together by a "handle platform 101 that interconnects with handl e 24°of

circuit breakdn eaghgideplate 84 Map shawnvarechandleassambly seluationtabsare 100

I ncl udes an o | . I | | | i hr ough
whi ch handl e ﬁ@@%?égéo?éﬁ%gﬁ%e@%ﬁ@%ﬁwﬁﬁ ?%?!‘*‘Q"n' ag%%'ﬁb'gf‘)'s%tg °

i ncl udes g_ ci rtqﬂ,ea_cpiinOfMdimgaah inwariiy &Jw?parﬁomggmmactHnmbed 1_09.al|£ach o4 '
correspondi ng pi vat, surface cutou iqure in.each sideplate 84.
A 50 ahin o Saenleied4 et on actualion b elufisgion 119F insiiina bERof, o
protrude fromgdiopei{Aiabéorftapbndswith ®adk attijatin RIA08 anddBrovRRsiol ncl udi ng
an inwardly curved portion or contact nmenber 109. Each 10 si d% ate 84

i ncl udes an actlerranes theseofdhrovghoutayrange of motionaf handlg assemblyoi dwing i on
111, that corr A ' : 4@ eﬂé‘ijo r ¥l for .
cl earance ther@&%Pﬁé%%ﬁﬁﬁfa@F%ﬁfﬁnﬁ%?’gﬁ of han 'eﬂggggﬁgllﬁ 70 during
nor mal = oper at i figures 12 andi13, eachaideplalé 84aisalinsiudes ad opehing.10asntohwinichi n -

o 18811 e iseptad e Sert e e i ofg hepir 85 02 BePE AP g

f&:ﬁﬂf por h Ir o b@a@ Stohs ﬁ@_?ﬂaﬂé cahfigured b hetaneysmay batmaLfactired tiea

screw-machining process. The end of each stem 107A is spin pressed, for
example by an orbital riveter, in order to secure stops 107 to sideplates 84,
with head portions 107B positioned along the outer surfaces 84A of the

20 sideplates and at least partially extemally overlapping pivot surface cutouts
106. 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.

25 Referring now_alSo td 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. Dﬁsposed on 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
30 10 is in the ON disposition. Note that, in order to provide for a normal range
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screw machi ni ng process. The end of each stem 107A is spin pressed, for
exanple by an orbital riveter, in order to secure stops 107 to sidepl ates
84, wth Pg3gdegstions 1078 p05| ti oned al ong the outer mqmi;ms1984A of the
20 si depl ates and at least-partially #&ternally.gyerlappi ng pivot surface
cutouts 106. Secured as such, stops 107 prevent  pivot regions 104 of

handl e assenbly 70 from becom ng outwardly di sengaged from pivot surface

cutouts 106 it blgRblcR haieiReny 1@ owHaYBh OFPULURGH JRIARH EQSr 2t o

during high current 1 nterruption errlng now al so t o |gures 2 and
33, and again mrcarmsglﬂﬂeare&epanbtéd froehthverbationipaytion 132 of sutoatrdgios1hQ. 62 of

crossbar asse hout foll nserted.therein. osed on
and pr.ot rudi nmb%mrc‘éﬂ PR MEMm ﬂ% 'Bfefﬂi'lxﬁﬂ?f}a"ﬁa b@?”ﬁ?ré gﬁaﬁ nbers
'112. Figure 7 d@éﬂjﬁbéntttb%cﬁlaﬁaﬁ%ti emaupfegudi%mmha Rt faPbeldwdfitved €S 84,

and handl e assenmbl’y 70 when circuit breakKer 30 10 is in the ON di sposition.

Not e tha®, in Retiens 100 pf astuatior tabs 4080 Asssuchasige members\{dare16987
PCT/ 1 BO0O/ 0121 f
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111 of cuéI ogt tochgi mo\_/édallockv?be tawam!sm‘n OFBpositichet a tiiewhen contaetsb2 | y

osi tione et we S| a cent t actuation, t ut out, regl ons
D20 and ot f (ARS8 BUA Siesbar asseonidy Bl soteteisSderai nghe Bk atpastions "soch
stop nenbers Jsacl%§wHéﬂ%dntéE@ﬂzfaﬂd%ﬁre@ﬂﬁ'vﬂﬂ&e&%&éﬁ‘d%&&u@ﬁf T when

handle 24 is a noved cl ockw se towards an F position at a
ti me whi@ cont@lmtmeat(shawo i Figunel 33). ygictpceurs after 9shghtrmmgnai| ess renmain

wel tog- ol oseq HPLEmE of SRAGR JeseHify 76 AHB0ENS it Moveindtitor plsdimbiy 70, .,
occurs after ainthe glockwisealireotien (thoughithe ralfgelﬁndd)tbmmwypnaﬁledmyevent s
further nmovenent, of n the c

range of m)tlo‘ﬁ‘tﬂ'ﬂfr'ﬁﬂ\of’?qghiﬁhg&b.)ﬂ?re"&u“ﬁ'ﬂgﬁapér& é"rﬁ |catnmeti1@{) rd e

preventing hangleaker1( indithd'DFFadispubitidiAlvhén incfatt it istiot 288 suth, 4 BidaP the OFF
di sposition when in fact it is not. As such, a clear 15 indicatian is

provi dedSt hat ipdicatien is movided thed contasts 52 ao@éﬁé@vemhopemcbaven though

an opening operation has been attempted. 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 tovu)ards the OFF position. As such, stop members 112

20 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 tﬁe OFF position.

- Referring now also to Figures 34A, 34B, 34C, and 34D, shown is
handle 24 of circuit breaker 10 which, in the preferred embodiment, is molded
25 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 101B of handle platform 101 (Figure
31) of handle assembly 70 are inserted (as shown in, for example, Figures 4,
30 5, and 6) to form an engagement connecting handie 24 to assembly 70. This



an openi ng operation has been attenpted. However, in normal operation when
contacts 52 and 56 can be opened, stop nenbers 112 rotate clockwise wth
crosshar agpQiidey7 60 (and contact 52) when handl e assentrcyaBdotze noved

cl ockwi se towards the OFF position. A% such, stop nenbers 112 20 rotate
away from actuation tab cutout regions 110, as shown in Figure 6. This
allows for full novenent of actuation tabs 108 within regions 110 which, in

turn. al | ows: NafidbguchfohabySBifRnkl hiVertt ot Hainblec oRBLSE bpBiaeRg M al S0 {0

‘Fi gures 34A, 34B, shown 1's  handle 24 of circuit Dreaker 10
whi ch, in the rpeeianismd8daichdngedispositommsdiascribes aboven Dispasedk or mat er i al

such as plastig, d 24.incl udes a | 0 d a base 404
"having a top C{B"VWREJ‘%{ %W?’é‘ggﬂﬁﬁgeacthgag{)¢£{@ﬁh§aﬁ%W gion 406. Cavity
region 406 i n(ldmbrﬁméth bstiesn protifsions408] ¢ am intégrally fahaeogl-anﬁzin onto '
whi ch sides 101A and 1018 ‘of handl e platform 101 EeFi ure 1) of handle
?ss;anbl y270 a@*@fwrﬁﬁ%mr like thegestgfhapdie 2 i'ﬁﬂ‘fetf,%!_rah!yfg%gz)ljigggg%
o forman en &g\aégj S
PCT/ | BOO/ 012lgﬁ%§gﬁ%@%ﬁ£@g&ﬁfa§%ﬁ esblﬁgﬁgrﬁhmﬁéﬁeg%%ﬁgndl e 24 to cause
operating nedompressitie. iSide h1d of platfows 101 ¢riguees3 Hdscludds; dpploximatelyi sposed

approxi mately mi.dway, W thi.n.one. channe T (ln the ex | ary . enbodi nent),
borween. or ot | JBRBRYefein. =B isfent b BBGH ¢ 6L onAleX R e e iz Sk 200

(Figure 34D) whap8 as!priusion 408.s Wheh platfshe10¥ of handhs aéssnatity yofior med  of an
I nsulating. material suc astic. \ﬁhl at | east partially

) | h as pl ch is. X .

conpr es¥P bl e. iRFertediiptochanngls A7, pratrs "(‘ﬁq%‘ﬂi@eﬁ"“ (crm slightlyrasdt mat el y
m dway t herei | r p | si ze and
shape as prot %’g?%nd%ggmW@%ﬁ%ﬁgﬁgl@f%fﬁﬁdﬁhgbégﬁgﬁg is 10
i nserted i nt o erhizodimest, peatrusiond0isipreferatip roinded dre shape sacasifa facilijate] i ght | y
as it travel g .0vyer fla ti-Qn .S] 1071 0 | he
exenpl ary enﬁ'&'ﬁ?{mﬁt‘ qﬁ’“ﬁf‘&ﬁﬁ‘@?‘?‘&ﬁqﬁ&ﬂ&ﬁ%ﬁ?@éﬁg’b‘f@"@%r@%mﬁﬁ‘gﬁ pe so as
t (r)\ f ac: || 51 8t7 e 400Wilt rétuayt izs r\ﬂrﬁﬁg_ ! I| lﬂhaﬁé andbéébime sedted Wﬁh’iﬂﬁdemm 1iar%s>. :
channel s , protrusion 409 will return to its _nqrmal shape, a econe
Seated W hi n SuRBcpOUMSien 408 and indets 413, S0P 10 TGRS SPRAGSIRE HEVMEED sor ve
to. center thémgy'e4hhd Rahdie Pitfdrm 101. In addition, 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
20 may be di_sposed_- in each channel 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 a first side
410 with a curvilinear top surface section 405A and terminating with an end
portion 414 which (in the exemplary embodiment) is substantially triangular in
25 - shape. A secqnc:i' side 416 is somewhat symmetrical to that of first side 410,
except that it ter_rhina_tes with an end portion 418 that is truncated.in
comparison to._e_hd portion 414, providing a trunca_f_ed curvilinear top surface
 section 405B. In the exemplary embodiment, end portion 418 is substantially
concave in shap:e;. Truncated end portion 418 cléérly occupies less space
30 than end portion 414, and is configured so as to not interfere (make contact)
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handl e 24 and handl e platform 101. In addition, the frictional engagenent
of protrusion 409 with Indent 411 serves to resist novenent of platform
101 Wi t hiwoGhacee! s 407, thereby providing a nore secursCTaBmmasis on
between platform 101 and , handl e 24.38.n an alternative enbodinent, a
protrusion 409 20 may be 'd'i-'sposed in each channel =407, with correspondi ng
I ndents 411 fornmed in. both of sides 101 A and 101 B of platform 101. As

shown in Figur P@eﬁﬁ H#Sudholl ' 410 with
a curvili negr "tﬁ%'g&?ur ace seé#ﬂ% rbigg%&lﬁt g%akgﬁranat ﬂ:"é’t‘wﬁm‘a@h@?ﬁd portion
414 which (in mhﬁorwidtqﬂd&em eimopaHicelat, end postidrs4 Hhisicahfigured isergsdoaioti n 25
shape. A secon what s ri t 0, t hat rst side 410,
except that |tdﬁegjﬁ ﬁ%@g*qms‘ rﬁj{ﬂ agFRMm %ﬁiﬂﬁg‘%ﬁ?‘s ﬂ*’f]ﬁﬁ&l"‘é‘d’t in
conpari son t o0.bragkerPY'is 'uthe“éFlF dipeYitieh o darihd dTesetiny 6pératibh, EPEhdviAP
surface _section 405B. In the .exenplary enbodinent, end portion 418 iIs

subst ant® al | y in Eigwres 6 and %ﬁ%ﬁmm“ﬁhﬂ-ncat ed end portion 418 dearly occupi es
| ess space 30 than end portion 414, and is configured so as to not

interfere (make COMRigtgirhg Wg&ﬁ %HF&T;‘,%QQ%W% 3@;& QirP&d

|nterrA|Vork|ns of -circult bre not1 on of
handl e 24. gnmdle simea|424éaumg@ntommm$26 A Canvek dop smfamw andreot

interfere wit .40 when

cirouit br eaE@?*%@é*Féﬁﬁrﬂ ‘bR S Patut e prbpd £ R 2B, 0

?pelr: ation, gg ?smmﬁdin arsuEsteut'a@ cg:gaaﬁpﬂg rél%ﬂﬂ@sﬁim w&lalhan&ilef?m?gfvﬁw al so
o Figures re i 'S andl e slider avin

an opgnng 4260 "E:EW%@‘{] JQn tope a&H@”QStaEB‘ﬂUeRY@ rgps topswiaceace ]

430. Wthin C'JGBbﬁhaﬁ‘nﬂmran@IQop%h%M Ha?ldm tofifiEs | Hodgh bpe §ﬁﬁ tially

overlapping relationship with handl e 24 whereb bottoms 0 IS
pl aced on top 426. Asishewn indrigureis|3p ande37,andi aml buer&apmmssnﬂerﬁaﬂdl e 24,

" Fi our s, 36 n #0SuBhed el to RaWes 1 Whglsty 308 BoREF Mh3%r naRBle AE T 'onea
inrelation t ca(smpmtruﬂésﬁi‘rﬁﬁgtbﬁpé:ﬂﬁg Rarcfittee cavt?. (i aleanviritioAdl mahaer,
E{?’Bé‘#dﬁéi movRbgerF28 oxSs 3lonm Eeors surtace 484 SL30Er 145 ENIal B 24 i <
rotated through its range of motion. The overlapping relatlonshlp of slider 424
with handle 24, along with the fact that (in the exemplary embodiment)
.-opening 426 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
20. 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
thermoplastic material. Although thick enough to resist significant inward flex,
slider 424 is relatively thin compared to base 404 of handle 24, and is thin
25 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
30 compromise the barrier protection described above. As best shown in Figure



rotated through its range of notion. The overlapping rel ationship of slider
424 wth handle 24, along with the fact that (in the exenplary enbodi nent)
openi ng 42@0q,fl,|f?l,,i,_der 424 is smaller than opening 22 of roauseemnizte provi des
a barrier which helps to prevent for® gn itens entered i nto opening 22
from 20. reaching the internal workings of circuit breaker 10. For this
purpose, slider 424 preferably is thick enough such that It will not

ily fl [ | f b ' 4 i i mat el
%055 I nches ( nbase 4B eifies opits FAR ek SRibhd sl ha sie'oddbs iR 10 o1
E o) lrJ esi sz OZ ig ;&t{]ﬁaeg:ansgl?medgfpbm%nhqﬂ uz)ébud ﬁ&ﬁ?]ri ?1-8.eAatttbp/$jr_fadeM28 efonpar ed
o base of handle 24, and is thin oygh.to, arc or rjde over
automatic tri psliags%mkzssoeﬂa% with aﬁ%’@_ﬁéﬁ%ﬁ%ﬂﬁﬁer mmﬂﬂm%g‘@rrﬁﬁg%ﬁﬁe (as
can be seen ingy ﬁ&%ﬁ}ag?dé% ;ﬁ@.stﬁl&}gin?a&éau&s%maeﬂww% d §idb ¥ages Of

th
motion, top surface r 424 makes contact with bottom Surface
434 of cbver I1of stidemdp4intchgroovesd38.nhThisslefleqtinrreducesithe frictinndatweer chances

of separation that uld, 30 co ' [ r | descri bed ’
above he bestIBRLAEE A pPRRIRARE Y s BSvelcl, bEBg e 815" L e 104
i ncl udes gr 00vgeﬁodtﬁ§ rbtatd theaughnils Fdngedfinistionl Js stbbegrooves 4B8 eaableace 405
fromend portion 414 to . end portion 418 Aslq&ﬁ) - urfati 428 0 slider 424
makes. cont actthigkerslider24 to, e ipplemantad than %W&?MUSPE pogsible wihinhy ¢ i on
of handl e 24, [ §BH¢:% Friralsi i irde edges 5
of slider 424 tlhﬁtt_@hgr_ oov?gné%ggﬁ&?%?csﬁg%? fl%aé(té fgﬂ%g’ﬁﬁgg@g ?Itﬁg?mrgt I on

bet ween10s| i defiesistant toninwaod flexand thusgrrovidingenhanoed badier prodestiong Inthall e 24

cnabl o a1 hi CRETRY Fanbolimeh ok VAR 435 AR RARARe, Rl rtBCUESe 10,

possible within the tight space constraints of circuit breaker 10, making
the slider nore 10 Inaddiioate having ateuntatddeendipaitiomd48 thase 404ef hamdlenced

barrier protectjon. .In th exenpl. ar nbodi nent V. : e

~ approxi mately é%@ﬁ'“pﬁﬁ ﬁ@?—@ggylsg%o%éﬁfp?%rnqne[c@@gﬁ%&ﬁgﬁ%ﬁ%ﬁ.&; end
portion 418, bhgegstsHoMn & Figarss 34A aAd 34DC IAsCkioWR i Rigureals, satedwayn 440 near-

one coner of end portion 418, as best shown in Figures 34A ang?@4D. As

shown i ®SFi gureection 440 proxiges alearaase forbulten 25,08 pughdo-diRastuatoe 28, putton
25 of push-to-L1iQ, ) WRER tirdutCbreaker 10 is in the OFF disposition or during a
resetting op_eratiph. As also shown in Figure 15, woi'king in conjunction with
cut-away sectio_ni440 is cutout 238 of button 25 which is positioned to provide
clearance for slider 424 (not shown) throughout the range of motion of handle
20 .24. Cutout 238 i's':.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 handle 24
~ cooperate in ofd'e:r' to prevent interference between push-to-trip actuator 230
and the oombi_naﬁon of handle 24 and slider 424.

25 Referring néw:fo Figures 39 and 40, and again to Figure 2, particular
attention is directed to the profile betwéen base 12 and cover 14 of circuit
breaker 10. Baéé 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 _basé 12 includes raised portions 124 that mate with

30 corresponding cut-away or recessed portions 126 in bottom region 122 of




particularly when. circuit breaker 10 is in the OFF disposition or during a
resetting operation. As also shown in Fi.gure 15, working in conjunction
with cut- hed@ction 440 is cutout 238 of button 25 whwictheiemipmesiti oned
to provide clearance for slider 424 4not shown) throughout the range of
notion of handle 20 24. Cutout 238 is sufficientlly large so that top
portion 25A of button 25 can be depressed notw t hstandi ng the presence of

slider 424 witbhj t QU233 ¢ X Cectibhal iRty 8 _ ut
away section a'é?”h%%cﬁ@éfn ﬂg%%'ggr%a N g‘;’%’er tgfgggtéeﬁ?%ngérlggence
bet ween push tthetline 40240 ofFigure2f Whemcbviehd4 i atmnesteédoio baselt)dl e 24 and

lider 424. 25 Referri W to Fi 39 and 40, and agaj Fi 2,
par 1 cul ar _ ataRAORIAIe Alaghing sevied 128 Reorppdiive mcbofiE s®hslate and cover

14 of circuit emggﬁrerwod@gﬁe ate iriserteATMB Hofis dtbpeninge 1reemgmeqzwa' ly

designated 120, and“cover . I's shown having a bottomTegion generally
desi gnat 8d 122coven4 aboye secessed portions 4 26 andenterrosresppading polesiamns 124

that mate wt . COr i ] rEfL € . J: in bottom
gl on 192 of PTEETEY TERBRAN MRS AN tBles O RRRNNNARAEG | 2011 DT
}: he si di c\rl\ﬁssséiané' de?ghatyhm full ir{ﬁéegti?;rﬁ tﬁ@bbﬁ?asﬂ:éreo@o nmu&tiflttié%{lo of
igure 1, en, cover i s connected to bas \ ropriate.attaching
devi ces 128 (chatAll eengtrate haser\s Relow s W'ﬁegﬁeﬁ'oﬁg%i f&ys@hbmﬁ ment) are
nserted | nto halARPATARRMSCoh BB} SHEG Wi IOl Bigydr Bita/py T ecessed

portions 126 and ent'er corresponding holes or openings I8 in ralsed
portion30124 owvhereby attaching davices 428 doinot interfereayith thedntemat woskgng$iat , upon

full insertio ] . t ' i f. |,
penet rate basantie fk oRREgolRl &feissP dilord 23 dii eBbadoa o 428 1 |
arrangemanéI cm@ell?éecglmﬂmtwrthuhin?Uheicesmﬁslcﬁdn_onéthbbslepbaeflf_ﬁtemhereEy _
attachli ng aevic R 0 hot nt ere wmth the | ernal  workings , therein.
The i monsi onssifeishdsoth [ baok 32 9,250 aroide & suliclasity sEHG0 opection

sel ected so t hgdwabhdabbng é%@ve&e? 14.2fh 676 eREMPlaRFEMBSJiRRNE tficRing

sufficient depth into base SO as to provide a ‘sufficiently strong

connect 16n  bedevicas 12iserelapproximeteled inch inllength@nd penpirate\approximataint |
attaching " 4/2 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
20. shown including a main membér 132 comprising a mounting screw with a |
head 134 and a body separated into a ndn-gripping (non-threaded) portion
136 and a gripping (threaded) portion 138. Attaching device 128 also
includes a compressible member 140 that (when fully assembled) is adjacent
to head 134 and engaged by non-threaded portion 136 of mounting screw
256 132. Compressible member 140 may be an elastomeric washer (as in the
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 ins_ert_ed into opening 16 (Figure 2) in cover 14 and
corresponding opening 18 in base 12.. Figuré 40 shows gripping portion 138
30 extending into and attaching with base 12, non-gripping portion 136 extending



15 devices 128 are approximately 1 inch in length and penetrate
approximately 1/2 inch into raised portions 124 of base 12. As shown in

Fi gure 40 god146s¢ri bed above, attaching devices 128 prroame/@a2m1ount i ng
arrangenment between base 12 and cover4il4. Referring now also to Figure 41,
attachi ng device 128 of the exenplary enbodi nent is 20. shown including a
mai n menber 132 conprising a nounting screw with a head 134 and a body

separated int 2ok AR ﬁﬁm@ \ it ri pping

(t hreaded) po(r)tth?%!y 1%@9*2?t%é%%qﬁpce 1 aﬂ%bp%gﬁégggagsﬁgﬁpr essi bl e
mermber 140 t hasep@nhtion betivegn hase tBland)cover 44 Gompressible member3l40dad engaged
140y be-an SN0 by Potcp S Reah 1 PAr 0B staos STBGTTT, Infiide T
may be anot hermeuﬁmgaaﬁé@anaﬂymewbssﬁm of spEmbses. 140rperivits base 12
cross-sectional view of Figure 40, attachi ngﬂ‘coievi ce 128 js shown assenbl ed

and i nsePted |#RdCRRE g tarpperarily and substant instapianaoysly sepaeiB éndi ng
: . ! 2 et ) di
opening 18 i nﬁ'ﬁﬁl@d%@*é'%}é%tﬁ@@%eﬁpé mhﬁﬂclﬁgﬁbféﬁke}gﬁ sagh %é%@ {/\?)g

Into and atta non-gripping portion 136 extending

01/ 16987 PCT/ | tbdhe @enestion dbf gases.duringdvigh currentintérmuption (tpeningoadi di ng a st op
for limting the ssi.bl e separation between, basg ngd cover

Conpr essi bl e M&%ﬁ@@ﬁs%ﬁﬁpﬁ@ %?%W-'@F‘éﬁ%ﬁeﬁ&?&' %&}%d: atop

surface of covaid ddver!12 dilbivg the'Gerdratea gisesnd berehted, povidmpagressuréi ty of

menber 140 perm ts base 12:5 and cover 14 to terl’%?rarll and substantially

i nst ant 3Reousl ipleasedhat rrotectsitha strugtusal iptegritypf 6 i@é‘?ﬂké’ Wevel ops within

circuit breaker 10 such as due to the generation of gases during high

current interrupti QRefeRRRHdWIOFiguiedNZaBS44R, £1B] 48A) 458MSC SapdE)t | on
along the interface between base 12 and cover 14 .allows.  the generated

gases to be veshawn afersippartmoembersdS9iy and 1508 pkelsuit breakepBiRct s t he
3, "aan “aap, GERecHoBlit phSY 12 RUEBNEE 14 mack 19 o RN 12 ifln T
150B of circui which emé éormibd slots 164A@ad! 155M. WAs shdyersin AiguradB whicbdepitts Base
i ﬁomc! ﬁggls ga Irg?%\lnlﬁﬁl c% ??%aém aég\lfi@ou%rﬁgdﬁern% {hoerrenlﬁ,d SiSbRAI 155 Als8 M A
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 small recesses 21A formed in the top of
sidewalls 152. Cover 14 includes sidewalls 153 (only one of which is
20. viewable in Figure 42) within which are formed slots 154B and 155B which
_ align with slots 1_54/_\ and 156A, respectively, of base 12 when cover 14 is
positioned on top of base 12.. Sidewalls 153 also include grooves or channels

~ that are similar to channels 156 and 157 of base 12.

Support rr'iéinbe'f 150A includes a pair of shoulders or support wings
25 158 and a connection wall 160 therebetween, forming essentially an I-beam
as shown in Figtji'és 44A and 44B. Support member 150A of th_e exemplary
embodiment also includes an opening 159 and a cutout fegion 161 that
substantially "eXté'hds upwardly into wall 160. Sﬁpbbrt memb'erl 1508 includes
a pair of shoulders or support wings 162 and a connection wall 163
30 therebetween, alSo forming essentially an I-beam as shown in Figures 45A,

(IH-



15 a top view of base 12 wi thout conponents therein, sidewalls 152

al so-include grooves or channels 156 adjacent to slots 154A, and grooves
or channeh& oktcosAdj acent to slots 155A, both forned on dciasauhigie surfaces
152A of S|8ema fs 152. Base 12 al so 4ncludes.small recesses 21A fornmed in
the top of sidewalls 152. Cover 14 includes sidewalls 153 (only one of
which is 20. viewable in Figure 42) within which are fornmed slots 154B and

155B whi ch al {4t | @tes as@aid b f when
cover 14 1's i ese” (Mhe SxEmAAY shipn i i AR 163 fiduat e BRBohg
grooves or chaintegral housiag 1®4chaming amupwvardyexterding thitbub nebidb 766f base 12.
Support nenber 150A includes a pair of shoul ders or support w ngs 25 158

and a connection |1 160 therebetween, . formng essentially an |-beam as
shown in Figures 44AY B ASHOWIE _ gyite %ﬁﬂ@?oqgﬁms%qrﬁiqg_ '32@5%?939“’

embodi nent  al sglotsNGUALTHasE 12RFHéreBy shéulaad 158Gtigaige dreeved™ 560 Iintthiat
substantially extends upwardly into wall 160. SuEyp:ort nmenber 150Bi ncl udes

a pair 0% shoupesition, epnnagtipn walliGlys disppsed internatiy,withinthe bady of base $2

t her ebet ween, ) ' ; I : i | 45A, |
v 01/ 16057 P ST EraaIGaA € stedile 192 IF BRI dnbt BliRE "

"1' 163 i ncl udesonsponentsofadiredit brealey 8| suppost mgmba6450A s digpased.imtwedhy

ext endi ng cutout region 165. | s, sho in Fi .46, su rt menber
150A i s insert#d§ e?cﬁr?qyls rﬁ?‘l@”ﬁ%@%ﬁ@i@%ﬁ?@?@b&ﬁ&ﬁﬁ&xg%%yengage
grooves 156. |émbodiment. iphat pobitich) e abaknceprovidédby suldubreisfiént ernal ly
within the bo?/ of base 12 and generally perpendicular to sidewalls 152.

In rel alPon t Jacilitates thetransfesof grcs (¢ by cantget sapagatian) te amchute 46
support nenber

| .iS.di - [ U] ly 34 and
sl ot notor as s%%?%%@.‘%e? Egggé'ﬂ‘é%“\gﬁ?? deerﬁ%%g Fdin‘iééﬁ@%’f\@ﬁea@éggggt ?/on, t he
cl earance provsaiess &s/a batriartfor prgtenting dte ibterhalovdrkings @f cirtudt breakerf ) of arcs

(created by copnt act separatio arc chyte 4 rc_extingusher
hesenbly 34 | nsRaseRneBlaPdbe ieh & furatriermBer Po0sbeS vBNAAIREIGUS Lo ¢ o1
for protecti ngg)iRom afc&@arhdmphdﬁl GHBRsOICuthUtGEgibn 169 IS eddlred tHapse
conponents to the left of support nmember 150A as viewed in Figure 46) from
arci ng &d/ or meva@gg@%tamgo hegsuffigient toqm tpmons ihreugheudtits required

range of motion. Opening 159 provides clearance for upper arc runner 48A
(Figure 3) of arc chute 46 which is inserted therethrough.

As also shown in Figure 46, support member 150B is inserted into
slots 155A of base 12 whereby shoulders 162 engage grooves 157. As such,
20 . connection wall 163 is dispbsed 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
slot motor assembly 32 and sideplates 84 in the exemplary embodiment. In
that position, cutout region 165 provides clearance for movable contact arm
25 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
30 potentially created by contact separation.



15 novabl e contact arm 50 has sufficient roomto nove throughout its
required range of notion. Qpening 159 provides clearance for upper arc
runner 48Awo(dffhépgi e 3) of arc chute 46 which is inserteddimeaarwough. As
al so shown In Figure 46, support menb&. 150B is inserted into slots 155A
of base 12 whereby shoul ders 162 engage grooves 157. As such, 20
connection wall 1.63 is disposed internally within the body of base 12 and
general |y perpendi L@t er nal
conmponent s of cwcﬁqﬁ% rﬂgg éﬁe%géédso'i&%td%#%glrzaﬁgfg%hé@%fre%bggﬁv\een
sl ot notor as smﬂmbprsﬁ%dnd 180D lare inseftad into slots ¢54Bphd 1558 tespectivety, | n

t hat position, out .re 6naPl OVi d mpvapl e contact arm
25 50 to nove q#m%ﬂ§q5?§n% @&%gﬁgﬁ%}&ﬁeﬁ&%%ﬂg"“é aﬁ(jg?\gﬂ Mousi ng .
164 serves tOF'guiré1va@ahesaseacmhe\eaeamlrmtumdf@acnasemim‘t frbmibests
sideplates 84, _and works with the rest of wall 163 tg act as a barrier for

protecti g t he15QA1?'é¢ 1508 peeventeer imitsfurther separationsf sidewalls 392 anshifthent s

to the right ing
andl or hop gaciue §RAetRaRRLH 3 OB bradhuis AR B bigRefi’ 03,
PCT11B00/ 0121 %resulting @omathe]g@nemtiohe:i geses duringhhigh sugentiatesruption wher eby t he
t ops of suppor

155B, respecti&?@??‘ng éﬁ%ﬁ%@%éﬁ%g gﬁgﬁggfqﬁgﬁy#ﬁ f’s'rﬁgﬁsfg(l;f?seand

grooves, as SWopﬁhtel?icﬁthéﬁsléned%ﬁd)ﬁﬁﬁdfacﬁ&eduﬁbultdbhé}niaté?ﬁaﬁo agtere of
each of support menber s 150A and 150B grevents or limts further

separ at 18n of %']Q!’@ﬁ/\&l‘ﬂ@'ﬁ@?"@ﬁfﬁ 130A apg, 4508 to alsp allewierting eleireulls t he
bui | dup of prasauké fgu\tlﬁéfébﬁ %‘éhi'e SAiFBE Plledsid. "GiSoH & p ?&lcﬁfa?mré

gener at i on of gases I Ng current I nterruption opening o cbnt acts _
52 and 56). | rpressiireivithin cmmmmmmmeﬂ@meamf shapidersptiteand §62

cuppor t  momber S GHORNEEaTlayy AR e GRbTRATD RIdE 1 eliRER 70 10

wher eby pr essweemﬁgmbagh elowssw\ 1@48n165A,aarid tsssa,rwmleratsmmhﬁnemmsure
wi thin CI rcuit breaker

<11 ght | JSout vemANNEY SKAWALE 152508 1o8.8 o 0SB GBSt AP CHA A0 i ng

through slots ¥R44vidth¥stBonAéction véﬁ?lg 150HRd 183 hébrdholiBBrs>fBEand 182,

respectively, are selected so as to permit such ventmg 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

20 interface beh)veeh reée_s_ses 21A of base 12 and the bottom of sidewalls 153
of cover 14. O_penings. 21 are small enough and appropriately configured so
that insertidn of for_eiQn items therein is substantially prevented.

Although two support members 150A and 150B are implemented in the
exemplary embodiment, other numbers of such support mechanisms may, of
25 course, be employed. Furthermore, the exact placement of one or more such
support members is 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 150B are formed of molded
material comprising quantum 8800 (60% glass reinforced). |

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



15 mai ntai ni ng sidewal | s 152 and 153 at'_o.r near a constant separation
di stance. The width of connection walls 160 and 163 near shoul ders 158 and

162, resgﬁsr‘,ky@&y are selected so as to permt such vqmr'ym@ntmbough t he
slots notw tnstandi ng the presence ofa those portions in the slots.

Addi tional wventing is provided by openings 21 (Figure 1) which are forned
at the 20 interface between recesses 21A of base 12 and the bottom of

sidewal I s 153 of cove nings 21 are snaklirenou and appropriately
configured so defigstor 5999f§led?fe§¢“tﬂ%\f@t@ﬁ iDeflegtor ﬁéF@PWgﬁ loglydea i al | y

revented. Al a,nﬁ.o it pented in
ltOhe exenpl aryt‘)&%h‘c'{awng’g? ftah %rs 0 éﬁ%ﬁgﬁ Imec anlt sns nmay, of
25 course, be cenpecteddo wall50Rds asheuldenh 508 vacrhich sdormeed asbunded cap nor e
such support ers is X al | st apl i shed. v t.he

anal ysi s of @gbﬁ" EBWHFQ S@ﬁésa'gﬂ%ﬁﬁ ﬁ?s‘gpaﬂ% §9§’r 'Hfa%%aﬁl'f‘s s
circuit ®reakqormedindhe unﬁéﬁ%idﬁdiﬁhbuldi#&ionﬁﬁ%@@éﬂm&ﬁ%cav o0B are

formed of m)ld d material conprising quan um 8 0% gl ass rei nforced).

30 Now ref er r itherebgtwaes. I egnnnmqmm eﬂﬁ@@ﬁfmlsdntegrﬁmrm dedobarrier or.
"lull WO 01/1 Eﬁ% 44 defl ector 500 of the present invention.
Def | ect oUshi eﬁﬁ%%gé des a vert i cal wall 502 having sides with
channel's or grooves 504. ‘Integrally connected to wall 502 is a shoul der
506 on which is folNawirefenringathecdtodzigures @8 antiddsbawndn Sigure 48fisarside i n t he

506, "1 or m ng LA ARBF e oharp e byt BAKBL T8 MifRubprc”" > °°'

de; | ect 1o 590 e’ﬁ"g‘,@i&wéﬂ*ﬁ'gmﬂe%eﬂeﬂ“"hm E@bt:vn;ﬂoggét_:t@dmh@eual Now
re errlngaso t,O | es a sSsnown 1 n | e |
el evat i onal viTeAIIRG Ballar 298¢ k19use 48 oHRIRCLOrH00.¥ showp posaned 2B6Va t hout

arc 10 extingiygess, antecHy 508360n tdp Srard™édy %w&w&&&ﬁ't#% gied to a
sel f retaini ngib!:ol l'ar 295. 'In Fi ﬁre&zaQ def g%ts(re;r 500 1s s omgagosmloned

above col | ar 4883nayiat leasthe pagialyninseped withindopaning 51 Vertical walb5@2i0fi t hat
screw 488 mayygholof8h .é’&os‘?t‘?‘orﬁe'daédﬂg 5§ SF cdlalh 265 tPRHOAGny hides Yrd 2!

wal I 502 .of
15 - 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

20 " engage vertically-extending protrusions 514 which are formed on the inner
surfaces 152B of sidewalls 152 (see also Figure 43). This engagement
substantially prevents any lateral movement of deflector 500 relative to base
12, and enables vertical wall 502 to extend substantially perpendicularly
between sidewalls 152 of base 12 without any gaps near its edges.

25 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

30 substantially prevented. In addition, one of holes 20 of cover 14 aligns with



defl ector 500 is positioned along the side of collar 295 that normal ly
faces arc 15 extingui sher assenbly 34. Referring also now to Figure 50,
shown i s dgplegrdess 500 in relation to base 12 and coverctAsdoloagot her
circuit breaker conponents, includingsscollar 295, not shown for the sake
of clarity). Wen deflector 500 is inplemented wthin circuit breaker 10,
it is vertically slid into base 12 such that grooves 504 20 engage

sur f aces 1508 et Atk bon, thefelyshabiife adbe¥ictde < ierefifiarto
substantial |y tys @xteniaBy mrdeatimbahemwmhpcsosmfdlto@pproﬁ%wel ative to
-base 12, and enabl es vertlcal wal | UFO?'S éégnd substantlall

per pendi cul ar | ryanﬁémﬁﬁreymgtge?gko ivorget tofighten,or é&ﬁ%" near its
edges. 25 Prot SbPéondefrorri ately positioned
I n base 12 so ﬁ‘tghaﬁﬂém%ﬂéfﬁh{a?\%@ﬁa&?ﬁofﬁ%ﬁor 5%0 |§W£roperl y aligned with
respect to the collar 295 that is connected to. line termnal 29. Wen

cover 145is secur edPasitiongd@s describrst abaneswithin slscuit breaker; 10, sledeetpnfed cl ose”

to and above t f, tor 500
relative to baé}g ?ggag '%@%'i&gasu%vsﬁ {??%’Y/?@d&%\%ﬁé@@? ?{?H?gl orr, one of
hol es 20 of coami/orlfot@ases thatimdy bagerigrateddvititCeirduitmeaiket 19, paflicularlyopeni ng
509 of deflector, 500, there %/',egabl ing a tool such as a screwdriver to be
external ly i ns&'l"@d"ﬁeﬁf‘ﬁt“?q‘l@ RighicureR®. cap 508 and to appropriately

mani pul ate screw 488 (Figure 29) of collar 295 in order to tighten or

| oosen the connectRefarming low Figures53-54 $hownagasexample ofeonduct or . 5
Positioned as descrjbed above within ci rggbgﬁ?r eaker 10, defl ector 500

provi ded0an i reanvantional puitt-wire lug,assambly mAY R U$¢d,3S 8R1ACEPSSE5 f rom
arcing and/ Or8P&§cﬂ%§§kér@to"8?1‘éb@n€?é‘ﬂ%ﬁ%@ cHhlbétBr Frid e roptgpker 10,

particul arly uring rnterruption of currents. Referrlng now to
Fi gures 51- 54, thetetimougB. Assembly;360 umludeﬂa body 362 withraplurality of-lugs 364 ug

anabl o or ot iafenghR Ben 1o RoR I GOR Al SepRittitbbal RO 010

360 includes awhIPB6S fi6R whith protrides aini dpprogridtely sofigured connector portion
15 366 that is insert’ab'le into load conductor opehing 26 in base 12 (see Figure
1) and securable__fo load terminal 28 of circuit breaker 10 via a securement
device such as's_e-lf-_retaining collar 295. Also shown is a lug insulator 370 of
the present inver_ltioh. Insulator 370 includes a main body 372 formed of two
subétantially parallel plates 374 with a wall 376 (Figure 52) therebetween.
.20' Neaf its front, insdl_ator 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 inge_r;ioﬁ of connector 366 of lug assembly 360 therein. Each
plate 374 includes a tapered portion 382, a front portion 383, and, in the
25 exemplary emb_odirhent, an internally disposed ptotrusion 384 (only one is
shown). In a. preferred embodiment, insulator 370 is comprised of
thermoplastic mafeﬁal.

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




arranged in step-like fashion thereon. Assenbly 360 al so includes a front
wal | 365 from which protrudes an..appropriately configured connector portion
15 366 thahghiidegsertable into | oad conduct or openi ng 2GcrAis@aitiel2 (see
Figure 1) an Securable to |oad termignal 28 of circuit breaker 10 via a
securenent device such as self-retaining collar 295. Also shown is a |ug
I nsul ator 370 of the present invention. Insulator 370 includes a nmain body

(Fraure 52) °t HoR aeR gl basine pite€ 5t onf BhgHBLdog isbeed ¥Bhon 3 Cocs an

i ntegral | ockiopenkig 380 moéwismp 378 UG o wallS3B8 dontadebary 37 and Si de
bars 379 and a horizaontal bar 381 therebetween form ng an ogenl ng 380 that

i s appropri at &3 381 oflpcking s‘@@rﬁnglﬁ‘éﬁ!t“?’tﬂd assush, adop serf pblug366 of
ront por s on Besiby S ankieahaRseng bbibeid of dessidnd 38FbEHaR 74T, 392 2
di sposed pr ot rihis ah:t&ibﬁt,(ablig/wmhwa"ﬁ?ﬁs(ﬁcgme 52) of tasMawi‘sfﬁeddd'fdmzdnm nt,

| at 370 t Fi
55 bet or e coEaR] FRlqckng diap AT SERes s heln S L anspblsig g T 0"

advant ageous| \indifatop 3P0'EhE ré ntvmnbassépawon&ﬁerebw&d | After!thdd O 01/ 16987
PCT/ 1800101219 46 body 362 pl aced between plates 374 and connetC |: 366

inserted thro nm@ﬁne@amnwv. canrectos 3661af jumassembly B60 mavthen beses
contacts bars e?‘e%” f such, a
top surface 3é‘§ ﬂ‘g &g'gaég%ro% %@ﬂ%&&%@?ﬁgé ﬁ'{‘ﬁ%ﬁﬁ*‘g?@%

prot rusi®ns 3®ircoit bpéakbem ﬁsﬂshcﬁvﬁl'im FigaleuS4 yemd, selchceiqomamtemmal 286ri4 Fi gur e
52) of insulator 370 a r| zont al a oC 378, serves
to help securé"‘??@"%@g&rﬂﬁ %I?%‘a'5?%2"&%@%‘?'%%&%&58'@50@9("%t i cal
separation th e§374\fabafagéiﬁst ea&&hemﬁacegedbé'@ém‘fﬁruwdﬁ@nnect or 366
of lug assenbly 36 then be inserted, in normal fash ion, Into | oad

conduct or operﬁ"ﬁ’@"?@'ﬁ blﬂ@s‘éﬂﬁc@ﬁneﬁmﬂr (Qnge casnesios 366 is seaured knpaidn
Figure 54) anqgSfR4r '§59"4\%P§7Q§ g)por d@an%%ggéggﬁgéféi?w ce such as

collar 295 (not visi I ons es 374 abut
agai nst1%®xt er meinoved {pulled awaypdae to ﬂ'& cqmmtlum\ngen locking strap 378 thereof

and front wall 365 of lug assembly 360.

| Lug insulator 370 provides electrical insulation for muiti-wire fug
assembly 360. While providing this protective insulation, lug insulator 370
nonetheless provides easy access to lugs 364 of lug assembly 360. In
20. particular, tapered portions 382 of plates 374 follow the step-like configuration
| 6f lugs 364 so that convenient access is provided for all lugs.

Although the preferred embodiment of the present invention has been

described with a certain degree of particularity, various changes to form and

25 detéil may be made without departing from the spirit and scope of the invention
as hereinafter claimed.

30



enhanced stability to the connection. Once connector 366 is secured to | oad
termnal 28, Insulator 370 is |locked in place and cannot be separately 15
removed (pwdd@despay) due to the contact between | ocki ngpcaymesm18i88 t her eof
and front wall 365 of |ug assenbly 3647 Lug insulator 370 provides
electrical insulation for multi wire lug assenbly 360. Wile providing
this protective insulation, | ug insulator 370 nonethel ess provi des easy
‘access to lugs %gﬁ | ug assenbly 360. In 20. particular, tapered portions
382 of plates !% ¥o1lowthe step-1ike configuration of lugs 364 so that
conveni ent accdss i A circuitinterdupter camprisings. . Al t hough the preferred

enbodi ment of the pr sent | nvention has been descri bed wth a certain
degree of particul a?F' MNGari ous changes to formand 25 detail may be nade

‘Wi thout departing f§éﬁ§rél516n$é?hbbﬁta%f$dmﬂﬁﬁ§§|d0foub ;anyention . as
herei nafter clainmed. 30 WD 01/16987 PCT/ | B00/ 01219 47 | CLAIM 1. A

circuit Interrupt eranepgrating mgchanism withinfgid M&\Q&ﬁﬂdéf‘m%@ﬁ@ &lﬂh§alﬁ thin
sai d housi ng; 0 mgj

i nter con%ect edg%rﬁﬁsa'ﬁgfn ébse at %Eﬁ‘bé{%ﬁaﬁh ?\Isﬁjn al ea?g dle for
nechani sm i ncl rofating framca Mtepdsldon tooaadecond fposmna infthe vepb of @i tmpptng a
second position in.the e ent of g trip ratio ) cradl e havi ng
an aperture wi PRe "ét'g'?raﬁ' radig Bﬁ‘f’"%épt%ﬂ%%ﬂ'ﬂg a $ma @Qﬂqcﬂﬂ't'%?w én,

sai d operati nglari@&mmrwmﬁ hgiid opetatifly techaBisn® furiie? maudiﬁg%eswm il n
sai d housing, said pivot .pin insertable through said |arger cutout 10

portion and sedispesadwithin said heusiag, said pivet pia inseeable hrogl said| Iarger eytout
rotatiogaof s aB&'moﬁ Eﬂtg Egatea in %& sﬁtarllgluétftoﬂt?oﬂfcfnufe \él??llg%rf foRtidn!df sG> )r/n 1

wher ei n 'sai d: VOt on appr oxi ma

m dway al ong |t:mdleengt h sal d stepped- 15 I nwar d port i on seated wthi n sai d
snmal | er cutout portion. 3. The circuit interrupter as defined in claiml
wherein said pivot pinis. -

2. The circuit interrupter as defined in claim 1 wherein said pivot pin includes
a stepped-inward portion approximately midway along its length, said stepped-
15 inward portion seated within said smaller cutout portion.

3. The circuit interrupter as defined in claim 1 wherein said plvot pin is
adapted for rotation within said housmg ' o

20 4, The circuit interrupter as defined in claim 1 wherein said seating of said
pivot pin in said smaller cutout portion enable said cradle to independently rotate

on said pivot pin.

5. The circuit interrupter as defined in claim 4 wherein said 'pivot pin is
25 adapted for rotation within said housing.

6. The circuit interrupter as defined in claim 1 wherein said operating

mechanism further includes a spring having a spring force acting upon said

cradle and tending to maintain said seating of said pivot pin in said smaller
30 cutout portion,
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adapted for rotation within said housing. 20 4. The circuit interrupter as
defined in claiml wherein said seating of said pivot pin in said snmaller
cut out portd hesabl e said cradle to independently rotapermesasd pivot
pin. 5. The circuit interrupter as degined in claim4 wherein said pivot
pinis 25 adapted for rotation within said housing. 6. The circuit
interrupter as defined in claim1 wherein said operating nechanism further
i ncludes a spring having a spring force acting upon said cradle and
tending to maintain said seating of said pivot pin in said smaller 30
cutout portiof. |IThé tircdit ihterrupteriasidefihed in tlhinh l wherein shidTradlelifdlides'\O 111
/16987 PCT/1B00/ 01219 48 7. The circuit interrupter as defined .in claiml
wherei n sai d @pandent; and wherein gaidiqpeEating %‘ﬁ&hwgg‘épﬁh?dp udes A Atop bar
mechani sm f ur e widl " f i

posi ti oned tomc%gé?%dgﬁ gg‘??‘@ﬁﬁ@ﬁ?ﬂ;%ﬂg?g%@ﬁ%gntsa%tbgﬁgﬁ??gﬁsém@gfg%{' t of

sai d cr&dl e t bulbstantidl cnavesemt ofsaid cradie thatwould unseabsaid pived ipirefromwusaidit
portion. ~~I1|~ |1~ e, ., .,c~~s

smahér cutout plolréiclml.
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