TRI P ADJUSTABI LI TY BACKGROUND OF THE | NVENTI ON FI ELD OF THE | NVENTI ON Th
present iwe¢apihpn relates to circuit interrupters general by¢raRflo200" €
specifically, to those kinds of circuit interrupters having a thernal
tripping 5 operation. DESCRI PTION OF THE PRI OR ART Mol ded case circuit
breakers and interrupters are well known in the art as exenplified by U S.
Patent No. 4,503,408 r#¥tfed March 5, 1985, to Menna et 10 al., and U S,

Pat ent 5, 910, 760 i ssued J , 1999 to Malingo i ach of which is
assigned to the ajm\mmmm e present appli cga Hmlm @@ WEr porated herein
by reference. A c ustry objective w o many types of

circuit interrupters is to be able to reduce the si 2&®8hd/ or footprint of
the interrupter 15 housing while at the sanme tinme providing the sane or
i nproved performance ca&abi lities. A major advant\?\ge of creating such a

i'srr?llfartpackaag" i s CHRCUIPr N TER hEa'sERf 'kTHittyhi? e i |
installation. we q o \% a e interna
space constraints xfiiEiﬂﬁﬂﬁiﬁrﬁﬁﬁﬁ@%g&&évujégﬁﬁﬁi§“uﬁﬁ hore limting,

posi ng certain design obstacles that need to be overcone. 20 Crcuit
interrupters advanta eousL&hprovide for automatic circuit interruption

(openi ng BACKEREN QFST BWVENTKMr current condition is determned to
exi st. O‘PIE‘WO‘FleﬂEtIRNﬁmI@\Jmet her or not an overcurrent condition
exists is to provide a trip mechanismwith a rotatable trip bar assenbly
and a binetal The presentinventionrelatés fd civeuit iterriptemst géneralhe and f more
overcurrent 25 conditjons by he ti,ng, uB and bengi ng towards the trip bar
assenbl y. SRRsHically, & doesendieef Gckintareipiers BawpguR rBgtMabHIRRMGNs) , t he
bi ngtal b tib@r 91; CONFI RVMATION COPY WO 02/397-L PCT/1B01/02U91 2
enough so 'as t0 cause a rotation of the trip bar assenbly which sets in
notion a tripping operation. y It is desirable to be able to adjust the

pr edet er m t es the above-described thermnal
trippi ngﬁgggﬁﬁﬁg&lqkﬁﬂﬁgﬂ%éﬁ% such 5 adjustment coul d be nade by
changi ng the sigficfEHselcitlitBPedlers BRd MtBRUBters hre WERkhGWA in f@ aBAgENt

coul d be made by sel ectively screw ng a screw through an opening in a
bot t om poexamplifiefd yhb. B Rateat Noudib034d8 issupdddamchds 1985ate bireana ebxt ent

t ds t tr b Th i L, d t t he tri
a0 asserBrpTCANS: ae o a1ty pofsouediuar . ARdHT Hefnsued:igLisBéh okn < ne”
10 var i abjyhich¥is 2ssighBdastRe as8ignkeb of RFE preSd R hppAVGNGH ahé Shdorp brbed _
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necessar yhereirchyisefeegndeer mal tri ppi ng operation.
A continuing industry objective with respect to many types of circuit
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interrupters is to be able to reduce the size and/or footprint of the interrupter
15 housing while at the same time providing the same or improved performance
capabilities. A major advantage of creating such a “smaller package” is that it
provides increased flexibility in installation. However, a consequence of this
objective is that the internal space constraints of such interrupters have become
much more limiting, posing certain design obstacles that need to be overcome.
20 Circuit interrupters advantageously provide for automatic circuit
interruption (opening of the contacts) when an overcurrent condition is
determined to exist. One way of determining whether or not an overcurrent
condition exists is to provide a trip mechanism with a rotatable trip bar assembly
and a bimetal through which current flows. The bimetal reacts to overcurrent
25 conditions by heating up and bending towards the trip bar assembly. Above a

predetermined current level (overcurrent conditions), the bimetal bends far
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Al t hough the above-described thermal trip adjustability is effective, it
unfortunately requires that a circuit interrupter be opened so as to
provide 1gp66R$s tO internal portions thereof. This incorwﬁqhﬁn&%g
effectively causes the adjustnent to be limted to factory 1 nplenention
rather than by the end user. Because of this drawback) trip nechani snms were
subsequent|ly developed in the prior art which enabl ed adjustnent of the
thermal tripping operation w thout requiring the opening of a circuit
interrupter. These prior art trip nmechanisns 20 include a trip bar assenbly
that can slide longitudinally within the housing by neans of an externally
controll ed nechanism The trip bar assenbly includes a thermal trip nenber
havi ng comnaughsoras toreausaiaontaiostaf e frin barassestinyhistesets in motioaads t he
bi met al . Aﬁj t.he tri IsP&ar assenbly is caused to slide, different contact
portions pFE‘HSOPﬁ-é trip menber are positioned to nake contact with 25
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unfortunately requires that a circuit interrupter be opened so as to provide

15 access to internal portions thereof. This inconvenience effectively causes the
adjustment to be limited to factory implemention rather than by the end user.
Because of this drawback, trip mechanisms were subsequently developed in the
prior art which enabled adjustment of the thermal tripping operation without
requiring the opening of a circuit interrupter. These prior art trip mechanisms

20 include a trip bar assembly that can slide longitudinally within the housing by
means of an externally controlled mechanism. The trip bar assembly includes a
thermal trip member having contact portions which protrude, to differing extents,
towards the bimetal. As the trip bar assembly is caused to slide, different
contact portions of the thermal trip member are positioned to make contact with

25 a deflected bimetal, thus increasing or decreasing the amount of deflection that
is necessary to cause a thermal tripping operation.

Unfortunately, enabling the entire trip bar assembly to slide longitudinally
within the housing can be very problematic. First, enabling the entire trip bar
assembly to slide requires more room in the circuit interrupter’s housing, which is

30 contrary to the continuing industry objective mentioned above of creating a



SUMMARY COF THE | NVENTI ON The present invention provides a circuit
Interrupter that neets all of the above-identified needs. 15 In accordance

with the prgspplsd nvention, a circuit interrupter is provigadwhich
i ncl udes a housing, separable main contacts within the housing, and an

operating nmechanismw thin the housing and interconnected with the
separable main contacts. A trip nechanismis disposed within the housing
that includes a trip bar assenbly rotatable about an axis and that, when
rotated, 20 generates a tripping operation causing the operating nmechani sm
to open the contacts. The trip bar assenbly includes a trip menber
. translatable along the axis. The trip mechanismincludes a tripping

act uat or ramallgreaskea.” Senondebecatsedhepip barassembleof aeireuitintesuptal of
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Thi s and ot her objects advant a(lges of the present invention will L
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mol ded catirermial &ipging perationt whichrdid dpt reguirecthpreztieatrip baeassemblyRogure 2
I's an expl oded view of the base, primary cover, and secondary cover of the
ci 18ui t 1 Akes longitedingfly mithin thethousing:i gure 3 is a side el evational view of
an internal portion of the circuit interrupter of Figure 1. Figure 4 is an
ort hogonal view of an internal portion of the circuit interrupter of Figure
1 wi t hout SUMIMARN: OFNTHEONNA/ENTION

The present invention provides a circuit interrupter that meets all of the
above-identified needs.

15 In accordance with the present invention, a circuit interrupter is
provided which includes a housing, separable main contacts within the housing,
and an operating mechanism within the housing and interconnected with the
separable main contacts. A trip mechanism is disposed within the housing that
includes a trip bar assembly rotatable about an axis and that, when rotated,

20 generates a tripping operation causing the operating mechanism to open the
contacts. The trip bar assembly includes a trip member translatable along the
axis. The trip mechanism includes a ftripping actuator movable along a
predetermined path of travel as a function of electrical current. The tripping
actuator contacts a contact area of the trip member at a predetermined location

25 along the predetermined path of travel of the tripping actuator and causes the
trip bar assembly to rotate and generate the tripping operation upon a
predetermined current threshold. When the trip member is translated along the
axis, the contact area is contacted by the tripping actuator at a different location
along the predetermined path of travel of the tripping actuator whereby the

30 predetermined current threshold is changed.



Fi gures 5A, 5B, and 5C are orthogonal views of the trip bar assenbly of 15
the circuit interrupter of Figure 1. Figures 6A and 6B are orthogonal views

of one of Whgypybomatic trip assenblies of the circuit int f
Figure 9 . Figure 7 is an orthogonal view of the trip bar lg('rsjg%gn% {?9&

Figures 5A, 5B, and 5C with the thernmagy trip slider renoved. 20 Figure 8 is
an orthogonal view of the trip bar of the trip bar assenbly of Figures 5A
5B, and 5C. Figure 9 is an orthogonal view of the thermal trip slider of
the trip bar assenbly. Figure 10A is an orthogonal cut-away view of the
trip bar of the trip bar 25 assenbly. ' Figure 10Bis a viewsimlar to
that shown in Figure 10A but with the thermal trip slider inserted. Figure

" 11 is a parti allihjs @ngl othed ahjests cindiadvantages efuthenprasent inyentiorewill i es of
the circuit interrupter of Fiqure 1. 02/39.17-4.5 PCT/1B0O1/02191 '

i qur es. 1BROARE 2RARTE 91 AJBRAE of toraolPRIng e RiAR T e TRRIEFRSE t ne
aut omat i ¢ dnfihdtiimene Elen ifowRetiiorrvthtRe hltached Hi’ﬁlviihﬁs! s an over head

cl ose-up view of a portion of the primary cover of the circuit interrupter

of Figure 1 showing how an adjustnent knob is inserted. 5 Figures 14A 14B,
Flatres 1oRERPESERIPTIORRESHEIRANINES ™2 connecti on member that
i nterconnects Widlirethds afh wethagohak ey ofi Huneldéd taserrtirenit agpRPteri ew of
the interconnection of the connection 10 nmenber with the adjustnment knob.
embodying the present invention.
Figure 2 is an exploded view of the base, primary cover, and secondary
cover of the circuit interrupter of Figure 1.
10 Figure 3 is a side elevational view of an internal portion of the circuit
interrupter of Figure 1.
Figure 4 is an orthogonal view of an internal portion of the circuit
interrupter of Figure 1 without the base and covers.
Figures 5A, 5B, and 5C are orthogonal views of the trip bar assembly of
15 the circuit interrupter of Figure 1.
Figures 6A and 6B are orthogonal views of one of the automatic trip
assemblies of the circuit interrupter of Figure 1.
Figure 7 is an orthogonal view of the trip bar assembly of Figures 5A, 5B,
and 5C with the thermal trip slider removed.
20 Figure 8 is an orthogonal view of the trip bar of the trip bar assembly of
Figures 5A, 6B, and 5C.
Figure 9 is an orthogonal view of the thermal trip slider of the trip bar
assembly.
Figure 10A is an orthogonal cut-away view of the trip bar of the trip bar
25 assembly.
Figure 10B is a view similar to that shown in Figure 10A but with the
thermal trip slider inserted.
Figure 11 is a partially exploded view of one of the automatic trip

assemblies of the circuit interrupter of Figure 1.



Figures 17A and 17B are orthogonal views of the interaction of the
automatic trip assenbly shown in Figure 11 with the trip bar assenmbly shown
in Figure , and 5C. Figures 18A, 18B, and 18C are i ews of
t he |nter§gﬁﬁ€ﬁ§§f the 15 lever of the automatic trip assgﬁﬁpﬁ g%n in
Figure 11 with the assenbly shown in Fgure 16. Figures 19A and 19B are
overhead views of the relative positioning of the thermal trip slider shown
in Figure 9 with respect to screws attached to the binetals of the
automatic trip assenblies of the circuit interrupter of Figure 1. 20
DESCRI PTI ON OF THE PREFERRED EMBCDI MENT Referring now to the draw ngs and
Figures 1 and 2 in particular, shown is a nolded case circuit interrupter

" or breaker 10. FAgld‘@SeillZAean@éQBral’thl‘ngOﬂal\heWSQfgé@h@ralvhlsln isupart otthend
operatlon 10 can .be f n U S Patent ' Application

bre nd i
Seri al ”&ﬁ%@% ri%assqqalﬁlg&hgwhlgt lgBre ﬁ; entitled "Circuit Interrupter
Wth Screw Ret Figure3 is d#h &erﬁéb@%‘os@ﬁ% VoA b pStionadf the pri 84véri8,
filed August 27,71999) entitled "Grcuit | nterrupter Wth Cradle Having An
| nproved @f ﬂ'tﬁ ciruit iniammuptern afirigure, lshavdng howapadjuatment keebiisinseded 30

091 505, 410, fil e Wt h
| nprroved ﬁa“gggblf%}b&%ﬁ %69/2‘%%@? @Hﬂdoﬁgé‘é’g{"fﬁsog Zﬁ%%gﬁ&@ﬁ%mg t| ng
| nt er nal Sp@wﬁ |ﬁq=ngm;rea131ts and U. S. Patent Application Serial No. , Eaton
Docket No. 99- PDC- 433, flled Sept enber 20, 2000, entitled "Circuit
| gt err uglt er W figwessfreand aﬁngmé%f@gt;nmlg\Nﬁpr a cpnngcu?tmmem%errtbaﬁ ng
A justa ?’éﬁ‘{&ﬁ%oﬁs@hﬁ% dius n n e 5 I scl osures o ich are
rie

i ncor por a it ly, circuit breaker 10 includes a

base 12 rrechanlmgmeyw i3t R1 ohogeral diew bhthe intérodrnectionesf thd cobhsgtiomed on
top of pri maré cover 14 is an auxiliary or secondary cover 16. Wen
a

fved, deephRaamithdBe adiustmeshkBel some inter nal port| ons of the circuit
breaker avail a [ i
di sassenbly of tﬁi@uieﬁg'fe'%tﬁong@f%ﬁ@{&%t)g él 518@&‘8 g‘%"ﬁ%c léggotuey de
si dewal | s aldoraatic #rf}) assenblytshonal in Figure MaMIth;tI@tanJb.r assdmba/ shdwrein or
openi ngs A ar ided in primary cover 14 for accepting screws or other
attachi ng (EWP§ ﬁa\;tar@n@ér correspondi ng hol es or openings 23B in base 12
for fastening RindRewaoueB, dhd PO B olérealiiss B RPRAIEEROP S ©
provi ded in secondary cover for 5 accepting screws -or other attachl ng
devitces t hexereiftiee actomaticdrip dsagmbiyl simvmanchgmerlemMBe|ass¢:mblyaahpmver 14
for fasteni secgndary cover 16 to primary cover 14. Holes 27A in
secondary”&% ﬂ%nand correspondi ng holes 27B in primary cover 14 are for

attachment of ‘Pi% é&@'gA@zQﬁr?%B%'réﬁveHﬁ%'a@v@&bﬂh@%l&ﬂ&é{ p6§iﬁ6ﬁm%6f’ih°e for
insertion of an adjustnent knob (not shown) for adjusting e thernmal

trippi ng dhewalitop gidecishownt inbFigaked wilhmsaeq’:tahonmremsattam fonthget ai |
bel Hol,.e 2 d f | t
he adj o BRI LT ARBnTLte B esetmikS of fe PULlARuser SLPRULSE"h ch

feed t hrough secondary cover 16, prinmary cover 14, and into base 12 (one
si de showi né;%hol es 25), are Er ovi ded for access to electrical term nal

areas of & GRﬂP'ﬁ@Nr@%ﬂﬁE RERERBREDBMBQRIMENTeed t hr ough secondary

cover 16, correspond to holes 26 that feed through primary cover 14 and
base 12, and are provided for attaching the entire circuit breaker assenbly

onto a wall) orRéfetringndW it thel dralvivides ashEigusss fahd@dnpartictlar, siowmis | i ke.
Surfaces 29 and 30 of secondary cover 16 are faor placenent of |abels onto
circuit brieBIeded gasecirauit yntegbpter of hragkeryll A detailed description of the

25 general structure and operation of circuit breaker 10 can be found in U.S. Patent
Application Serial No. 09/386,130, filed August 30, 1999, entitled “Circuit
Interrupter With Screw Retainment’, U.S. Patent Application Serial No.
09/384,148, filed August 27, 1999, entitled “Circuit Interrupter With Cradle
Having An Improved Pivot Pin Connection”, U.S. Patent Application Serial No.

30 09/505,410, filed February 16, 2000, entitied “Circuit Interrupter With Improved



30 cavities 31, 32, and 33 for placenent of internal accessories of circuit
br eaker WO 02/ 39-47~ PCT/IBfl1/02091 7 10. Secondary cover 18 includes a
secondary ndl e opening 36. Primary cover 14 inclu IJRry
cover hangﬁgM%%éﬂ?ng 38. A handle 40 (Figure 1) protrudegﬁﬁw?gﬂgoggpenings
36 and 38 and is used in a conventionag nmanner to manual ly open and cl ose
the contacts of circuit breaker 10 and to 5 reset circuit breaker 10 when
it isin atripped state. Handle 40 may al so provide an indication of the
status of circuit breaker 10 whereby the position of handl e 40 corresponds
with a |l egend (not shown) on secondary cover 16 near handl e opening 36
which clearly indicates whether circuit breaker 10 is ON (contacts cl osed),
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overcurre ' L tian) ondary cov riar r knel ude
rect angul %Ppg'ggﬂ%ggeﬁi' iﬁ 44—t-espe e}té'gl 988‘5 r h)é\%ﬁ?[éﬁ"b%gt k'@@es atop
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pl d8ra ar dha eatirerisgyibbreakenn 3asss12 Nyidespgsidessidawplls 48 and,19, and
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t he sake qfrima?rypdl:dueirtm chaad:cepltniglg swe\g\s cnaaﬂheﬂ)btta&ﬁng&?amm‘ r[m; eénter udi ng a
separ ate upper sl ot tor asse A and a_separate | ower slot notor
cebambly EOBesPRPANoAIAIee AL oRAMASS 2as i batad 2 Hel Bt ng S UBaE SO ot or
assenbl Si i A ' r | S| de-bvi-sj d upper
sl ot rm%/oftg H%’%V\% 4(l)%]/g 3@@?%%m&%{‘msg??%l%SSL;F@@i@n%ﬂc ﬁgﬁg)t g@%ﬁg@ren I alroloy)
| ovies sl otaceepting astesveboyotheBattaching elevicesdhet entieo comesponding dotdsyorhousi ng
70 within which st acked side-py-si.de | pwer sl at notor gssenbl | at es
S bl ot oheahs4B T BareRy Rots R Hegen Ml actndannerdr o © pimin

cover 14. Holes 27A in secondary cover 16 and correspanding holes 27B in

primary cover 14 are for attachment of external accessaries. Hole 28B in
primary cover 14 is for insertion of an adjustment knob (not shown) for adjusting
20 the thermal tripping operation of circuit breaker 10 in a manner described in
detail below. Hole 28A in secondary cover 16 is for providing external access to
the adjustment knob that is inserted in primary cover 14. Holes 25, which feed
through secondary cover 16, primary cover 14, and into base 12 (one side
showing holes 25), are provided for access to electrical terminal areas of circuit
25 breaker 10. Holes 26A, which feed through secondary cover 16, correspond to
holes 26 that feed through primary cover 14 and base 12, and are provided for
attaching the entire circuit breaker assembly onto a wall, or into a DIN rail back
panel or a load center, or the like. Surfaces 29 and 30 of secondary cover 16
are for placement of labels onto circuit breaker 10. Primary cover 14 includes

30 cavities 31, 32, and 33 for placement of internal accessories of circuit breaker



5 Each arc extinguisher assenbly 58 includes an arc chute 74 within which
are positioned spaced-apart generally parallel angularly offset arc chute
pl ates 76 pper arc runner 76A. As known to one of i oskill in
the art) m@%&@tjl on of arc extinguisher assenbly 58 is t%ﬁg@gpi\%lsand

di ssipate electrical arcs that are created upon separation of the contacts
of 10 the circuit breaker. Each contact assenbly 60 is shown as conpri sing
a novabl e contact arm 78 supporting thereon a novabl e contact 80) and a
stationary contact arm 82 supporting thereon a stationary contact 84. Each
stationary contact arm82 is electrically connected to a line termnal 52,
and each novabl e contact arm 78 is 15 electrically connected to a | oad
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is a handle assenblc;/ﬁerol Fer 108 which is disposed in and supported by

handl e asd$eningya Bad termingh 58 araha line erminalngdke Thewshisghosin aplassia with

Feset t ndie et B b 02 oSmpReitliE vt Metihdsently Shndad a g ' "
| atgy al | y sitingaskher HssaiRisip 53 dRIBb 3hewnlif & cortactsRehitip 68, dnnit to the

counter 15 cl ockw se novenent of cradle 94. Referring now also to Figure 4,
shown is @pemtingomesaanismebe,cainda tiimmachanisse féiiveludinga ratatableti®aker 10.

Shown are o] i en i 0 Cf | it h Figure
3 and theib%?%%%tnabpg%lﬁogﬁﬁﬁ %Eog\?é%b%ﬁ& %ﬁ@xoéd?’réhn@ @%Fﬁ“gjﬁf?&b&hﬁése circuit
breaker 1Greadierl 10 hag s owd load eemiinaldo0vdinederminab 82| plasivavarcf or the ON

di sposition of circuit breaker 10. in thig di spositi_on,ﬁgont acts 80 and 84
are cl osed@CEeigratinn é@mﬁﬁ 4eﬂ‘é‘hm9¥‘?f@rsFeWi%Y abyars tinguisher agsemhly nay f1 ow
fr | oad deehLp} | t ] ; i NGk [ 62 will
asame T NSt A BB ass iy fo; RefeRcE i gepid hOFRE U e

* ci rcunst arsueb grdine of BoMRbRERIS ahidsthed danstitlients édrahe dake cdsinyplimityng of

clrount b ekt gt ety MasarRly BE's SRR R In GRS 4 3Bpaitle B55S°SC"Y

slot motor assembly 56A and a separate lower slot motor assembly 56B.

Upper slot motor assembly 56A includes an upper slot motor assembly
30 housing 66 within which are stacked side-by-side U-shaped upper slot motor



or magnetically induced reaction of trip nechanism64 to the magnitude of
the current flow ng between | oad conductors 50 and fine conductors 52. The
aut omat i oweReRdAg of circuit breaker 10 due to the operat pegypifikidiP 30
mechani sm 64 is described in detail below Watever the nature of a
tripping WO 02/39~7~ PCT/1B01/02091810 operation, it is initiated by a
force causing trip bar assenbly 122 to rotate cl ockwi se (overcom ng a
spring force biasing assenbly 122 in the opposite direction) and away from
an internediate latch 114. This unlocking of latch 114 rel eases cradle 94
(whi ch had been held in place at a | ower portion 116 5 of a |atch cutout
region 118) and enables it to be rotated counter-clockw se under the

i nf | uenceassemblyplatas §8: i Sigilaghydowenslginotar assemblypiikingidesthe fop of

rasul 1 ngousl Piep B Serd ol st 1 ME D, gieMeBlefpiaBiet-o8, , oc
(ot at ed_qbaekeicmator assbY plafce 721UPIateRIG8 antcRE e bethssomiphoselof o

simlarly 10 rotate. This rotation of crossbar assenbly 86 causes a
cl ockwi semagneimmateridlvabl e contact arms 78, resulting in a separation of

contacts 80 a 4 { J Eglt aehown is trip
bapé assenbl y 2%3&(‘)? r‘?ﬁ‘@i‘r}éc zgn%%\s‘é’ﬁqﬁ@»}: ggﬂﬁd%ﬁgﬁgﬁa?@&gn@ﬁ%m . Assenbly
bars o padloe Tas 15 naonet et T b bar s o padalee a4 o il L1 pur pose
trip menbdatessd and ANaRRAIASE JURNENY qp'%vgﬁj‘“ﬂ?&@ iQraneoberdiftary tsgmti?i p bar 140

by way ofgat j : j ; | L so i ncludes an
[ nterneditgg eérﬁgﬁ%ﬂﬁ’?(%t en;j&a%é%%gésﬁﬁg&%%cﬁ?@ﬂ%ﬁ%ﬁgirﬂztrée{?ér{égdlag?e | atch 114
(Fi gure Jissipate elechridabarassthatrbte/créaedasomeéparatioh e tivd comtacteofdue to a
tripping operatign. 20 Crcuit breaker 10 includes automatic thermal and
magPet i c tf‘?ic[.'fﬁi-'ﬁg’r@ﬁ fat i ons whi ch can cause trip bar assembly 122 to
rotate in the 1 i i : } i i by

ol case cradi cead CHPERLESCRTbY 80 Sowh A4S Hipie o inBuale LML SR . g
oper at i on&8 sappbsingetherean &ingpvabls cahfach88hand acstationarymostaciara082n its ON
(non- TRI PPED} di sposition ith 25 | at 114 abutted har ai nst, .| ower
bor t1 o 1XPRYTNG Bisrect costelpbammonias T Aol PlAteRaN, ARSI B84 hel d i n
Elzgce Alby SIBERICARY LahRedtal €alink ARSI éé%nﬁrée&gggo@éﬁle%nfarct Bri¥8 igssenbl y

so shown 1s an automatic trip assenbly of trip mechani sm 64 that
i s1posi t i eleettically conrected txa ivadterminal 5. Hdso shavemisiacrogsbarassentiy i n

i , ' i D, nbl ' /397- 1. /
pr ovi ded S8 PNETLFR s e B S Gt cipekemio and s rgRHY d8poSgd TR er ence
nuner al s delAal BE9BN ofHfse @ﬁééﬂauﬂzfﬂcfmioh@@ﬁemi MeeR&Sisn62

descri bed bel ow, automatic trip asse 250C is slightly different from
t he ot hercausesraiosebarsasge Andmo corfashans PSte ofdteintedPuli t h one

assembly Go3apEBBRE piateR 0% cRBRE 4210 P oBfhfa dBPetioh ol oires
6/0@nd 6Bglesttiean continfity with fiked ToRtdctsBY| CCidsspapassathbly S MsIurtes at s

vari ous conponents (automati c tri£ assenbl i es 250B and 250D are identical).
A t hor ougmoyablerGasntaektasm hpsingB8Sor gashmovanie eptpakarah 78+ ARIYHRIRi ¢ trip

Sori ol N0 1 pibeEln RGN B0 5B HAE WIS a fRalable ot arifpR e | O
Aoserbl y taing AdustabLe A mature Bl e L enLiLe i sol aure of
ohich 1% RSNl G iotaprial”pBssbursseraily 8Blghd Bedage JB5a8 A

| ngbudes AogRGaEbLoiBKeBE R okl BB:RkisEHr cauTBADRCGE BPBRIoRToral Mt ure

havi ng a bottom that 1's separated from yoke 25 action of a
* torsion sppénajng®lechanisindéd Heweveralt is5. berndieddhatoradtomovéblarcontacte 256 i s

ot ur o 268 78 i ol L s iR eSoel. & h8 i Se CudBR, °"
aut omat i CagddrAbRyEEE MTRIpArtiRAdy, i certdimayniire, alechBiHagnetiY sittaBckeeadA4 havi ng

a plurality of protrusion nenbers 305, with one end of torsion spring 300
abutted agwvable cantast asmo¥ 8 kAN Fotatbewardigmabaus pivetepini MR urglerithel udes a

enpendi caPobe B AlatrRabhefk Brbes, ATk ILIeTapl 1 RY F0ysefe D RBEBAE. Ty
wi th an external conductor by neans of a device such as a self-retaining
collar. Wien inplenented in circuit breaker 10 as shown in Figure 3, an

automatic trip assenbly 250 (any one of automatic trip assenblies 250A,
250B, 250C, or 250D) operates to cause a clockw se rotation of trip bar



WO 02/397.1 PCT/1BOL/ 02091 12 assenbly 122, thereby releasing cradle 94
whi ch | eads to the TRI PPED di sposition) whenever overcurrent conditions

exi st thr@ggﬁ/:,t)_b,g phase associated with that automatic tripprags@aRy 250.
In the ON disposition as shown in Figure 3, electrical current flows (in

the following or opposite 5 direction)@fromload term nal 50, through

bi retal 254, from binetal 254 to novable contact arm 78 through a
conductive cord 262 that is wel ded therebetween, through closed contacts 80
and 84, and fromstationary contact arm82 to line termnal 52. An
automatic trip assenbly 250 reacts to an undesirably high anmount of

I i cal | oW h h i . L di 10 bot h h d
O o Cr el et B ctors N b AE 8 Bekdhfe WBSERY 31 3,
an aut Oﬁach(cbﬁu'r\]ébtéé ESE‘BMFQ@QE}J"E@%@ plavd ngﬁélﬁdIH‘QJI,- arﬁﬁp?élet@b@lecm

current flows through bineta , @ netic field is created in magnetic
yoke 252 linkBhgan interlinkgdHowaantogote inko BB andaalupper taggledignpivaipinof t he

. ' neti,c, 15 field ' Lh h
Cendency DQOMRENBaEYENs sega’ iodtE Rk BbSuT tabls S8sholEriRiei phgee s2° °
dency tSOPPTE _ ! " Yok
congi &1 onte 8??2‘?‘{ '?ﬁiﬁbﬁéﬁyﬁf?ﬁz%ﬁ’?ﬂ‘?g’f iy %SBE*E?‘E‘S?‘?‘%@E%

subst ant i &ggletinkipivetin $03,pd witb@rosshesassems abpiyobaidt 2 ni ned current

spri ng ¢ etdpanedinasrede R ool it Ruddly BRR PRI USRESE T O o'l 1
rotate cowahesers paril,spaced apa riaﬁn?hﬂ!d:h@n&ﬁ) stopet dreniodre at52. During
this rotation, bottom portion 256A of clapper 256 nakes contact with one of

magnet i c sidaplaigadobs Gadiedhds free 4q rolate fwithis ligshmia gradiequivet pn | s

parti al |y Si gyl : : I tact

o 05 a1 Alp ROV B RafRERSenrth o 2B IER s gsposel iy AR, S
assenbl y @aBpbRed Bydamdia assembly@Xin suchth nerneeas tdmakd medhatical he

TRI PPED di sposition of circuit breaker 10. The predeterm ned current |evel

that causé&entast withdgpibagaingt) anelaty nosions Pl bagk reglon 410 of @@‘ﬁﬁfﬂ“u st nent

may be accopml.i.sh i [ iahf i S ' di anet er)
30 or con%‘)’gﬁ- ea(Sjt}égertgi‘gngg%éﬁﬁgtogggea(t)rm%a}eeggp 3{ -erF %tr]cﬁ)et?%rg‘lé‘lrfl %I , thereby
reduci ng laté@IN2iSsosed-b&WeehRidémaes11 06 and provideas livgit ththesgountgr-t ensi on.
However, in a manner described, i g detail in U S Patent Application Serial

No.'5 Eat &lpakudsemongmeand obergie 94t i | ed Sept ember 20, 2000, entitl ed
Lo reutt 1nter mibinghoW afsdMeanghiea) élzoa?ﬁ‘wgrtﬁﬂé&ﬁ&t\ﬁéw&hﬁ Assenbl y

Havi ng Adj ust ab rmat ur e Ing", ustnment 1S nore conveniently nade
by sel ect iimigrreal ghoitia eheirquitdireakenhl.mShiown @esmagpohiite edmponente one end of

t i i 300, abuts. Al tomgt .c tri nbl v ..250 al id
thernal ¢ KIeSEER BBFALT GARRIEn HE! Fiaure PR e ot anrsings 136 aut oma i c
trip assedmay erfbbdintdrt of RstirgiHAel Arduitdregratjen of bimetal 254 to

current flow ng therethrough. The tenperature of binetal 254 is

pr @forti onal t énFigurasywiperrtingomechanisme62 is shown fortba QN dispositiosnef
magni t ude L ncreases t <buil. i i . ndency to
cause a bcﬂrﬂﬂin b%%qrabhgggﬁ%(@gééw%rdgg‘t%ggh?rﬁf%@ 5‘83?%@3 (bend) to
the left (centacteceadh Gihgdy whdleby\dectrioaircupremit enay fow frbtn loaadi ti ons exi st
this deflection is mninml. However, above a predeterm ned
terminals 50 to line terminals 52. Operating mechanism 62 will assume the
TRIPPED disposition of circuit breaker 10 in certain circumstances. The
25 TRIPPED disposition is related to an opening of circuit breaker 10 caused by
a manual tripping operation, an accessory tripping operation, or the thermally
or magnetically induced reaction of trip mechanism 64 to the magnitude of the
current flowing between load conductors 50 and line conductors 52. The
automatic opening of circuit breaker 10 due to the operation of trip

30 mechanism 64 is described in detail below. Whatever the nature of a tripping



current level, the tenperature of binetal 254 will exceed a threshold

t enperature whereby the deflection of binetal 254 causes bottom portion
254A to ngbegeaact with one of thermal trip bars or nmenpefspoidonf trip
bar assenbly 122. This contact forces assenbly 122 to rotate in the

cl ockwi se 20 direction, thereby releashbng cradle 94 which |eads to the
TRI PPED di sposition. As with the magnetic tripping operation, the
predeterm ned current |evel (overcurrent) that causes this thermal tripping
operation can be adjusted in a conventional manner by changing the size
and/ or shape of binmetal 254. Furthernore, adjustnent can be nade by

sel ectively screwing a 25 screw 264 (see Figures 6A and 6B} through an
openi ng i ePeatiepnit [oinitiated by adossa-eausing trin barassemily 123 taretate ai n ext ent

h h ; ' g . L .udi
such. “scr Sar el aing R Biasihb R sBRERFT 22 frthe SRR D Mo
142 (and directionyaatieavesskoml an termediate latotet B4, PRI uddkireg of latdtus

sel ectively reducing the unt of deflection 30 that is necessary to cause
Che t her mhl4 lpasaseradiie P4 Which hadkesemhelslin Dlarerat slowas RSHON 4 16he pr osent

| nvgnt i on, o %‘f&?%ﬁtcﬁ(ﬂe afgt %IQE: fit ﬁ%é‘%tﬁﬁég f@ﬁht&ﬁ@lo‘:?ﬁ%ﬁ' tripping

operati on and, part |@§ﬁglr:l;g5one IS exter contro Referring
now t o Fi gnder the isfluance of tensipnisprings geotidhpwid) 2nteraciingdativebh theltgmssenbl ed

trip bar atndis RsspiohsE ahd the ifiefBadils togle MGavof BRrUR IN% her mal tri p
sl dr 350ty doipheaRY AR ReJe S AncBREREc AR WHDichattf P bar

140 when tri isre ed fro ase usi'ng portions shown
i n Fi gur eclaclabise anghiipwardiyhto thastcanseftrassbar hasembly &htd similadyt t her mal

trip slider 35Q.fromf.alling out of rece 310 when cjircuit 10 breaker 10
5100 1 t srelaEentis folalian & Crossban gasemnlY b, tauseR & Flockwiseangtion Of Ccocsi bl e
by way of n@&}a@l@%ﬁiﬁc%srm%gmtihgww@p%eatﬁimdd@@cwra@eéﬁd dg of trip bar
140, and by way of a nore limted Opening 330 | ocated on the top of trip

bar 140 as shown in Figure 8 (wherein accessory t{ig_ | evers 148 have been
removed for thBefrikag spwdpdnigungp SARSBeand 8§, abowalisbiptkarmsgamblyol22her ei n

St der 359 TRanwiEgn ALE B8 plsrbdlafeiMBhonn s 35S, 12 oBlerd £
head portir?béﬁﬁr ERaft Udiong Bhichris tcophesi@ddh8raadtrp E&eondpaddiss 1360 form ng
a recess 362. As described in nore detail below, each thermal trip nmenber

1435i ncl uaegngtie drp dearsr elgpaddiessl4h anauli-purpgse ttiprmgmbeari 16| apér 350
Sorton SEEEEn? 1P leldis) H8 Which BR30h 305, B 14O By 68 A afactfha P,

B OUr e 10A  Shom D o o e ot P E20, Showi ng. ¢ he
e nal otortada 50 3nat ks it hrSuadiel mies 19 Rloi 2 och disd bgy.

si dewal | sﬂgﬁ@gﬁ%ﬁ%ﬁ%oﬁ%%%a%d@g%a@gm gqquﬁgl(%%ir lls 374A and

374B whi c t o openi ng shown 1s a ‘intrip bar 140
that is adjacent to opening 330. Referring now also to Figure 10B, shown is
t h20parti al | y Circuihhegakerd@ intlutdes putematicithenmaland magr@tictrippingher mal trip

slider 350 in.its assenbled position therei As shown,.the top of bar 352
W0 02/ 35-90°rBtiens MBIGH e £o4Ee Tl bt arsEmaly 12818 OIS It ClackbisGey 375,
with ne_ckdﬁé&iopp@bt\iimed ier?N?@B) afAd khéredl§ \1elchse 2radle vd. MERslsPostuteon 356
pr ot r udi n%rout of opening 330. In the position of thermal trip slider 350

shown in @m\édmsﬁeﬁ@@rddéismabtsippmga%ﬁrﬁﬁenm@rkbgia@@ndeimmEa with cutout

376 provi gy X i . WA addition,

t her nmal t‘(r}!'lhp[bgl sﬁqﬁ@; &g@gt t{"‘s%ra'égf)igg} gééo“gEﬁ"ﬁgﬁﬁﬁg%fﬂ@@?g@%wnﬁ rip bar 140,
" al phough el at4 abattedthamhdgalnst idwereostion 416 of latch cutout region 118 of

cradle 94, and latch 114 held in place by intermediate latch interface 150

(Figure 5A) of trip bar assembly 122. Also shown is an automatic trip
assembly 250 of trip mechanism 64 that is positioned in close proximity to trip
bar assembly 122. As shown in Figure 4, an automatic trip assembly 250 is



enbodi nent. As can be appreciated, thermal trip slider 350 can be noved, or
slid, in the direction of the arrow | abeled "A" until neck 354 abuts

agai nst n iogewal | 374A, at which tinme slider 350 will ose to
abutting ?@kg?ﬁgﬁ%|| 370A. The range of notion of thernall$b?%0§ﬁ?gtr 350
within trip bar 140 is equal to the dijgtance between neck sidewal | s 374A
and 374B m nus the thickness of neck 354 of slider 350. This range of
notion provides for adjustability of the thermal tripping operation in a
manner described below. Referring nowto Figure 11, shown is a partially
expl oded view of 15 automatic trip assenbly 250C of circuit breaker 10. As
ment i oned above, assenbly 250C is slightly different fromautomatic trip

" assenbl i eproddeq fasgrh efiibe fourphasesef acLitdseakear 10, withhiefeneaca) . I n

Cont | gur o0V FE 2N S5 o0 S0Bon Pood K TaBels BhmBRB8uomat i c. 1ip
assenbl i egesHibed belemn dutorddfc irip a@serdm? B0 CRRGIIgHTY diffésentiflorh tBeeat er
ext ent avva\é_’fromthe ot her conponents of automatic trip assenb 50C.

\I;’IL vot suppdiar asematis &rip Assermblies haeh assembly25Q interfaresvidh pngiyqfﬁ 382
(i 5 asseli B Eaoary {f AR HRERS mal e s 042 iR TR 5 PRV 550 and

bushi ng 4422, 35 dBetiied imadetaivbelos to Fi gures 12A and 12B, |ever 390
includes a main body 392 with a circul ar opening 394 therethrough. The top

of lever 390 is bhent at an approxi mately 90 degree angle and includes a
first prong 39%95%1'"9 QW §i9 fgrﬁ’éaﬁf%@‘\ aeg\ﬁ@eﬁ NdR isQlatien ifed a recess

400. Th . Of | : i imately 90
00, o SPISAER ki SYRpORYenh 4aPRLSAARhaphRgHG AR L ely o0
in Figur eaﬁéem]ph%aﬁﬁ_emdng%swtawﬁémcgm P\ thoseudh 93ermﬂpneofrtggzde$l Ibody
ortion 404A o ushi ng 4 s I nsert into,.ro openi n 0 ever
D o0tnt | Sfigiira 260 Qs p o autan e B ASSE B AaeA GO s AgOARAS! <
t act ed; i 8 : 282 : i ted g i
Channal - Ealosda i U8 pafinaRBicarion Solidl Ny Lo e R BeferOPER 10 OF

pr ot r usi oINS ED-POB-ABS, filed [Septgnbeh 20N S00M) Antltkeds Pincyit dsteedipter or der to
retain bushing 404 (and therefore |ever. 390) on protrusion 382. Positioned

as such, MéBA dagneficaliydprdced Ausematisnl riRAsseprdy Havirg Asiystableyi ng as

the beari A vPEEESTT fa Bite EREREAR dhchis MiaMAHer tedh B, okt ane
away f r omréfeeertid) eBrieRyTRBBERIY R2H0A HFddy a Avdtineticaioke 2B LCiimetat at e

wi t hout the possibility of interfering with those other conponents, nost

not ably a;gé&tarr@agmﬁ.c clappen g arwvis 290 havipga beftami2Seisthatis y 250C is .
ever a0 PEotr BRSPSy kAR 6rieh et SPRERRG A B et ¢

mat eri al . 5Befhead ponion dbafmature256 is stravected toaiphestypin G0 wHiéh and hol e

28B extendi ng therethr Oq‘égh' Hol e 28B is shown as including a | edge 410 t hat
ext ends sBHYIARR fof1q [ptatabimdispagitien of apnatuse <o6: IR &elalion 40 ¥okRi28R- t er ni nat es

20 t , | hQu i S i ich i t
PoeD ol Py ededikbibcdseoll Bl QUbnialicAp HosUTHIPRS0A ML ARRIAN  Ment
knob 420 iadiustrdest bravkehded having4? plunality of peotelsion #mbers@05; withr i ddl e

| ate 426, d ded hot 28 f .Whi ch trud i -Ci I
br ot 1 usi 0 NZPNEHeY (ORICH SPURE FOALNLIEH BT ANE 8 PIRHUSCAITETHER o 45C | < an

abut ment @@@b%aﬁ%rm}mBOQHJfluaégargub%mﬁiaﬂggldrfarWA 2@@%&&%&&? 28B of

primary cover 14, sem-circular protrusion 430 pr des beneath a bottom

surface (pootredesuin approximataly pempeadicldar fashiadda biottom adrhicioppaertion426

ma abut.t. contact with the top surface of primar over 14 that is
- navent  C0ndr EoBha i ah e B el i NemBaRS B A G adch AR Brerber
432 i s si gefirethiniig@enaact with | edge 410. Positioned as such, adjustnent
, knob 420 may be ro?at ed by way of a tool such as a screwdriver inserted

into slot 424, whereby abutnment penber 432 abuts agaj nst stops 412 and 414
at the two extMéhen igplemented i eiremit brgaker 38 asshawneiny Figyrendvaml so to

Figures 1 . [ Cld : hon nmenber
440 i ncl u?@%ﬁﬁg?&oﬁﬁ’dggg%v 2}193(3\?'\,9 %%aér %g%’%%%%%é%?’gﬁ%}%%her et hr ough
having a 980B; Qsocubaasengbperdieé te eaviss aeiubkwige distihapgipdarpr ot r usi on
430 of adjustnment knob 420. Extending fromthe bottom of body 442 is a
cylindrical protrusion 446 which, 10 in the exenplary enbodi nent, includes

a rounded point at its end. For reasons discussed bel ow, protrusion 446 is
not centered in the bottom of body 442.



After adjustnment knob 420 is inserted info hole 28B as descri bed above,
connection nenber 440 is matingly attached in press fit fashion to 15
sem - Ci r cyy@hy/pyy@f rusi on 430 of knob 420 (which protrudes hengath,,g, bottom
surface of primary cover 14), with protrusion 430 inserting into opening
444. The resulting interconnection isq®hown in Figure 16 where prinmary
cover 14 (normally positioned therebetween) is not shown for the sake of
illustration. The diameter of connection nmenber 440 is | arge enough such
that it will abut 20 the aforenentioned bottom surface of primary cover 14
and prevent adjustnment knob 420 from being renoved upwardly out of hole
_ 28B. \Wen adjustnent knob 420 is rotated in the manner descri bed above,
connect i oassembiyt 122,0tharahy telaasingeradte 84 avhichnleads tetkedRIPPEENbOdI nent ,
adj ust nent,. knoh. 420 and connection, e r 440 are forped of thernoplastic
mmteri ab - dspORMeE MHReBhATGeL T SR s EhRold BB (o' Fbure 4.
In an assgggb@dtédwnhFmafmﬂbﬁmi%i@bsgemsfae«125d@rmheromfaisﬁc%%n 390 of
automatic trip assenbly 250C is positioned such that arm 402 thereof is
poSi t i one@hbwnma&@weoﬁﬁe@sgalmrm(ﬂowrsdlmﬁhﬁrfptbwmeyymglt@f head portion

Shotn 1 or cirABtiarifishabad fEsrBA a0 Wrauph B I3, ork bicherBl 26418 e, 2 ¢ "t
primary cendablecbatatt bratAhesudira cohdbetie dotddecthat I8 weldegaker 10, the
i nterconnection of adjustnment knob 420 and connection nenber 440 is

posi t i onedhersbetwean,dprasmh desed eomfaciscBQ ang 84s sadibiom stadionanh parti cul ar,

and referr] t | 1 . i f
connect i oﬁbﬁ%r%gmﬁo@ @’f{%,ﬁe?p‘ﬂ'ﬁéiﬁy%g%ﬁ%@%w@%ﬁwg?ggi@ﬁg t&or med
bet ween prangriedtabhnkigh Wnedntiof electdd) cufrenaflowiignardudinioprédiding r ot at ed
by way of a tool such as a screwdriver inserted into slot 424, protrusion
444 %f cobetitaitoprmaland amagnalicdHpRIBISPEratODf f center position, does not
occupy the sanme position relative to the axis of rotation of knob 420. In
particul ar, as agﬂie [ : b i~tfis range of
notion, the corArlFehs ongﬁﬁwég?Plgghrﬁfbégsgg%ﬂg%??gg%ﬁngeun@wfmﬁcauses

pr ot r usi oraséddmblyo25®rethed foligwiny mannehafs élgrttical cudentfiows dhrodghi ct ed by

t he successi ve itions of protrusion 446 shown in FLgures 18A, 18B, and
18C whor o DB B2 G le AR IS ORetr FomagBetey ke aps Bavinodhon

appr oxi m%ﬁbﬁgﬁﬁﬁa@?&bﬁ&%ﬂ%ﬂ g’fﬁﬁ?&hﬁﬂdé thtLé’é rréN Ihi® maghietien- During

such novenent “of protr on 44 ct 1's made between protTusion 446 and
ei tiker pr diely Gaderatepan affragwe(farcetthat has adsnday terpuhbottone 256Acoft op of

| ever 390 whi ct%. tqen [ ? Ieger EQgpbo r ot :{nte ho its pivot, axis. The
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| ever 390 and thermal trip slider 350 shown in Figure 17A, and the position
of contact regions 364 shown in Figure 19B corresponds to the position of

| ever 390 and thermal trip slider 350 shown in Figure 17B. In Figure 19A
each of raised portions 368 of contact regions 364 is positioned 15 to nake
contact with a corresponding screw 264 if the binmetal 254 (to which that
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extent when trip mechanism64 is in the configuration shown in Figure 19A
than when trip mechanism64 is in the configuration shown in Figure 19B, in
25 order W ogpeiact to be made with contact regions 364 vhghgbYedebi P bar
assenbly 122 is rotated to thereby generate a thermal tripping operation.
Therefore, the predeterm ned threshol g3current | evel (overcurrent) capable
of causing a thermal tripping operation is |ower for the configuration of
trip mechani sm 64 shown in Figure 19A than for the configuration shown in
30 Figure 19B. WO U2139. 17 PCT/ 1 BU1JU2091 20 To summari ze) rotating
external | y-posi ti oned adj ustment knob 420 causes | ever 390 to rotate which
. causes thermal trip slider 350 to slide which adjusts the positioning of
cont act r egineneasieg the splirg tensian.i Howexee i amanner desciibedin detailia

i tioni 264, of t tic tri | 50 50B, 250C,
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advant ageously does not require circuit breaker 10 to be opened. The

adj ust nenMagreticatly dntaceb AstymatiesT ripp A ssembly &laviteg Awljustebleri p bar
assenbly 122 to sl jde v;;itlain t he, housi ngwof circuit bi)cbalak r 10. 10 In the
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set of raBeedbuts.ti ons 368) may be added in step-w se fashion (each set
raised to a differing extent) to contact regions 364 of thermal trip

menbers 15 142, wher eby, mpvenent , of ermal trip slider, 350,in the manner
descri bed abovéwpm%'&quééﬁg@lb& %%&?(S&lmew%g%W&(@"abﬁflpalﬁg erent angl es
of rotati inad] (fﬁ% di ffe i@ ' i ons (or
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particularity, various changes toformand detail nmay be nade wth
depart i ng 264 dvastantengieincytto sadse adynitont portion 264 (semF-iRbrescAandi 6B t er

| ai ned. 02/,397- M 1. .CiL.CUl T t I,Si :
housi ng:  SefaediB3Aa] 10 D et ies vimer i PGS 3o JhFRD RsvaraiPb200] an
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separabl e main contacts; and a trip nmechanismwthin sald housing and

i ncl udi ngcarrest levabtle tempengiure-af impta) 2okawill exrend adheasheld generates a
soi 6 tr p W apA R GAURENING Uelle PR O HRLAESIZEATBS SRl Bofityf! “om ¢t =
| ongi t udi RgYArto\mats tohtact eithtoneroftthesadldrip ibard Or hmicers i of tripdiagd trip
mechani sm further including a binmetal through which .
assembly 122, This contact forces assembly 122 to rotate in the clockwise
20 direction, thereby releasing cradle 94 which leads to the TRIPPED
disposition. As with the magnetic tripping operation, the predetermined
current level (overcurrent) that causes this thermal tripping operation can be
adjusted in a conventional manner by changing the size and/or shape of
bimetal 254. Furthermore, adjustment can be made by selectively screwing a
25 screw 264 (see Figures 6A and 6B) through an opening in bottom portion
254A such that it protrudes to a certain extent through the other side (towards
thermal trip member 142). Protruding as such, screw 264 is positioned to
more readily contact thermal trip member 142 (and thus rotate assembly 122)
when bimetal 254 deflects, thus selectively reducing the amount of deflection

30 that is necessary to cause the thermal tripping operation.



el ectrical current flows, said binetal bending and contacting a contact
area of said thermal trip nenber causing said trip bar assenbly to rotate

and gener @goSdi tri ppi ng operation upon a predeterm ned ng"l*'lr §12001
threshol d, said contact area having regions protruding to |H3erent extents

towards said binetal, wherein 15 whenigaid thermal nenber is |ongitudinally
noved in relation to said trip bar assenbly, a different one of said
regions of said contact area of said thermal trip nenber is positioned to
be contacted by said binmetal whereby said predeterm ned current threshold

I s changed. 20 2. The circuit interrupter as defined in claim1 wherein
~said trip bar assenbly includes a thermal trip slider to which said thernal
trip menber is attached, said thernmal trip slider disposed for |ongitudinal
nmovenent wi t hi Mhegirgsent ipvéntionaprowidesyyet apother Thethot rof @idjustmest elipt er as

defined i , ) : : . v incl ,
whi chsai e rer R bPoBoh e, BRIy bl 4k oA, Dar " ascenti y

further ipehteslict Referiin® ow tbiFigureopashonh isariptdr besembly 122 i ahi ch sai d

thermal trip slider is inserted for positioni ngvvm thin said recess. WO

02/ 39- t 7~Ppauiplly gisgsseowled stale. impatticulani thermakiripupeabess 142 @reed in clai m
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circuit ifdratingatthermnal tipfslided350 tivdtas rerdovdisie drom aiaiedess bpcaw ) sm
further includes a | ever rotatable about an axis and having . a first end
posi t i oneWithtsy trigdharat4d whes Hipibahd40ia rameyedsiroadyasesi hausing mechani sm
further i ' ' ' fek: [ ext er nal
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| ever, whpresient vdroed! itrdp slider<35i0dfrav) falingwut oficdcessB@10cwhersirsdit d | ever to
rotate about said axis and tg cont%éft said thergal trip slider thereby
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connect | oft entar 146,35 Shouh da Helieehliersh aressoninie IR 148 5o, nt
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housi ng and positioned for contactinhg said ond end of said lever. 8. The
ci 1éui t i theeravepsesidaofdbéinmaldrip slidéra3so is shosvrgithermaldripd|ident 36ht knob 25

and said connection er, rotate, al a seco axis of rotation when said
20 st nentakER:? BPc SoAiakhed 16 bir 359 AeFEBRfeRIRG 7 herdurrism,
prot rusi 0858¥&Nding% At prdry) 358 hAd Rdecdind Kbng 360 BARMYCh ADeSs BB,
positioned for contacting _
As described in more detail below, each thermal trip member 142 includes a
contact region 364 on the side of thermal trip slider 350 shown in Figure 9,
20 including a non-raised portion 366 and a raised portion 368. In the exemplary
embodiment, trip bar 140 and thermal trip slider 350 are each formed of

thermoset plastic material.

Referring now to Figure 10A, shown is a partially cut-away view of trip
bar 140 showing the internal structure of recess 310. Receass 310 is shown
25 bounded by sidewalls 370A and 370B, an upper wall 372, and neck sidewalls
374A and 374B which lead to opening 330. Also shown is a cutout 376 in trip
bar 140 that is adjacent to opening 330. Referring now aiso to Figure 10B,
shown is the partially cut-away view of trip bar 140 of Figure 10A with thermal
trip slider 350 in its assembled position therein. As shown, the top of bar 352



sai d second end of said |ever. WO 02/ 39~7~ PCT/ 1 BO1/ 02091 23 9. The
circuit interrupter as defined in claim8 wherein said second end of said
| ever inc ecess in which said protrusion is positi The
circuit ihﬁgggﬁg%gr as defined in claim1l wherein said biggﬁég |%@Pudes 5 a
screw extendi ng therethrough that contjgcts said contact area of said
thermal trip nmenber when said binetal bends upon said predeterm ned current
threshold. 11. A circuit interrupter conprising: 10 a housing; separable
mai n contacts within said housing; an operating nechanismw thin said
housi ng and interconnected with said separable main contacts; and a trip
~mechanismw thin said housing and including a trip bar assenbly 15

r ot at abl e cdistider 350 akuts againsthmperwerWZ)M&ﬂHaeclngasiﬁened betpeemg

operati on capsi rrech oenS|d contacts, said trip
. bar assenf\S éé}’%'}@% ﬁ‘fg r@?%ﬁ%ﬂ%tﬁ‘l@ngp&ﬁ& 98?'81‘"8)?1%@} Baid trip

mechani s mtlﬁé‘ bb@ﬁibn'd?@lhé#%él Qru@ shdérBB0Shawh WF@]"uréqY)Bb hecrBYA%ts

predeterm ned path of travel as a function of "el ectrical current, said
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predet er m pAt n t
predetermoﬁé%ﬂdcﬁrtﬁg(a@re%reshm%da gﬂé\énlégdb‘ Eﬁﬁ%@(ﬁ4%@ﬁ%%% rupter as
defined i meckaidewdll STdA eatrwisieh clnte“slldémf;oam%néd be ichBeUudesbiating | p sl i der
to which said trlmenber is attached, said trip 30 slider disposed for
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wherein s ar asse Irncrudes a recess 1'n

| ongi t udi riaé kmckrmsssof mkoeazlrmfrsﬂdar 3665 qaiig yarfger dfhmotiomplovddégfor bot t om
w th an opepnin for d therein .into 5 whjch said trip slider is inserted
for posi tlaéimﬁﬁgb%)’t itRe $hgranal driRpiag opgratighdng mamner ﬂﬁ?‘é‘itﬁgpb%'@was defi ned

in claim1l12 where Sald trip bar assenbly includes a plurality of said trip

menber s each OfRuiri w8 FARIEY 1t 8nddhds birahialy S4Toddyibk ofThe o rcui

interrupter as defined in cl erein ani smfurther
i ndlbudes @ult@vatic trip assdrhbly 256G obciruitdrraéakear $0.aAd rhemlargachatbmvest end
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wherein actuati on of
assembly 250C mcludes a pivot support 380 that is configured differently from
its counterparts in the other automatic trip assemblies. Pivot support 380 is

20 thicker and protrudes to a greater extent away from the other components of

automatic trip assembly 250C. Pivot support 380 also includes a horizontally-
extending protrusion 382 which, in the exemplary embodiment, is square in
cross-section. Automatic trip assembly 250C also includes an adjustment or

actuating lever 390 and a bushing 404.

25 Referring now also to Figures 12A and 12B, lever 390 includes a main
body 392 with a circular opening 394 therethrough. The top of lever 390 is
bent at an approximately 90 degree angle and includes a first prong 396 and
a second prong 398 between which is formed a recess 400. The bottom of
lever 390 is tapered and is bent at an approximately 90 degree angle to form



adj ust nrent actuator causes said |lever to rotate about said second axis and
to contact said trip slider thereby noving said trip slider longitudinally
Wi t hin saj rolrgoar assenbly. 20 16. The circuit interru fined in
claim15 Weérzgi)ﬁusai d trip slider includes a head porti onm\/\cﬁ?lgﬁﬁoszgﬁd first
end of said fever contacts. 17. The ciicuit interrupter as defined in claim
15 wherein said adjustnent actuator includes an adjustnent knob

i nterconnected with a connection nenber, 25 said adjustnent knob accessible
fromsaid point external of said housing, said connection nenber |ocated

wi thin said housing and positioned for contacting said second end of said

| ever. 18. The circuit interrupter as defined in claim 17 wherein said

" adj ust nenBNITMHID AsEhemndinduaue:1 1.dn assaRwling auiarealig inassamplyd axi s of

act uat od, 25 2dnHndesioRy RO g S bR 4G srsared] W0 RoeRE U7 O 1 ©

" with but epéning 354 of lehér 89Gntl thednperssurfaveest & head pottioet 404B efi d second
end of said |ever. 5 19. The circuit i%terru ter._as defined in claim18
wher ei n sBiahigg dMdissontasted o Faoirdsian 383.af vgke 45218 dher inserighilnte ai d

pr otr usi on.LS; I : Tay Lk | ’ | I claim
11 \t?her ei %pé@iﬂgc&réﬁggﬁ %g“%‘%@f&%%@'ﬁg Ergjdgprr‘rebpgﬁfn@?aqﬁ abﬂlgr?re“{ﬂgéﬂ {I?‘%C l?.ld(;I ng a
screw ext goriongoft pretresion@8fhptdtadimgtiracgts chanmssl i404Costspit pegsseddh sai d

tri nmenber when said bjinetal bends upon said edet er m ned rrent
thrgshm dorderto retain ushing 404 gand therdlore lever 3&5) on pratrusion 382
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serving as the pivot axis and rounded body portion 404A of bushing 404

10 serving as the bearing surface. With pivot support 380 protruding to a greater
extent away from the other components of assembly 250C, lever 390 can
rotate without the possibility of interfering with those other components, most
notably armature 256. A fully assembled automatic trip assembly 250C is
shown in Figure 4 and Figures 17A and 17B. In the exemplary embodiment,

15 lever 390 is formed of metal and bushing 404 is formed of thermoplastic

material.

Referring now to Figure 13, shown is primary cover 14 and hole 28B
extending therethrough. Hole 28B is shown as including a ledge 410 that
extends substantially around the circumference thereof and which terminates

20 at stops 412 and 414. Also shown is an adjustment knob 420 which inserts
into hole 28B.

Referring now also to Figures 14A, 14B, and 14C, adjustment knob
420 includes a rounded top 422 having a slot 424, a circular middle plate 426,
and a rounded bottom 428 from which protrudes a semi-circular protrusion
25 430. Positioned between bottom 428 and middle plate 426 is an abutment
member 432. When adjustment knob 420 is inserted into hole 28B of primary
cover 14, semi-circular protrusion 430 protrudes beneath a bottom surface
(not shown) of primary cover 14. in addition, middie plate 426 makes abutting
contact with the top surface of primary cover 14 that is adjacent to hole 28B,
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After adjustment knob 420 is inserted into hole 28B as described
above, connection member 440 is matingly attached in press fit fashion to
15 semi-circular protrusion 430 of knob 420 (which protrudes beneath a bottom
surface of primary cover 14), with protrusion 430 inserting into opening 444.
The resuiting interconnection is shown in Figure 16 where primary cover 14
(normally positioned therebetween) is not shown for the sake of illustration.
The diameter of connection member 440 is large enough such that it will abut
20 the aforementioned bottom surface of primary cover 14 and prevent
adjustment knob 420 from being removed upwardly out of hole 28B. When
adjustment knob 420 is rotated in the manner described above, connection
member 440 will likewise rotate. in the exemplary embodiment, adjustment
knob 420 and connection member 440 are formed of thermoplastic material.

25 Referring now to Figures 17A and 17B, and again to Figure 4, in an
assembled trip mechanism 64 of circuit breaker 10, lever 390 of automatic trip
assembly 250C is positioned such that arm 402 thereof is positioned between
prongs 358 and 360 and within recess 362 of head portion 356 of thermal trip
slider 350 (the other automatic trip assemblies are not shown for the sake of
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clarity). When primary cover 14 is situated on top of base 12 of circuit
breaker 10, the interconnection of adjustment knob 420 and connection
member 440 is positioned above lever 390 of automatic trip assembly 250C.
In particular, and referring now to Figures 18A, 18B, and 18C, protrusion 446
5 of connection member 440 is vertically positioned within recess 400 formed
between prongs 396 and 398 of lever 390. As adjustment knob 420 is rotated
by way of a tool such as a screwdriver inserted into slot 424, protrusion 446 of
connection member 440, because of its off-center position, does not occupy
the same position relative to the axis of rotation of knob 420. In particular, as
10 adjustment knob 420 is rotated through its range of motion, the corresponding
rotation of connection member 440 causes protrusion 446 to move along an
arc-shaped path such as that depicted by the successive pasitions of
protrusion 446 shown in Figures 18A, 18B, and 18C where adjustment knob
420 has been rotated clockwise through approximately 180 degrees
15 representing its full range of motion. During such movement of protrusion
446, contact is made between protrusion 446 and either prong 396 or prong
398 (within recess 400) which moves the top of lever 390 which then causes
lever 390 to rotate about its pivot axis. The range of rotation of lever 390 is
best shown in Figures 17A and 17B (wherein adjustment knob 420 and
20 connection member 440 are not shown for the sake of clarity). The position
of lever 390 shown in Figure 17A corresponds to the position of protrusion
446 shown in Figure 18A, and the position of lever 390 shown in Figure 17B

corresponds to the position of protrusion 446 shown in Figure 18C.

As lever 390 is caused to rotate due to the rotation of adjustment knob
25 420 in the manner described above, arm 402 at the bottom of lever 390
contacts head portion 356 of thermal trip slider 350 which causes thermal trip
slider 350 to slide within recess 310 of trip bar 140, in the manner described
above in connection with Figures 10A and 10B. It should be noted that the
position of thermal trip slider 350 in Figure 10B corresponds to its position
30 shown in Figure 17A. As thermal trip slider 350 slides as such, thermal trip
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shown in Figures 19A and 19B which depict an overhead view of a portion of
trip mechanism 64, the sliding of thermall trip slider 350 adjusts the positioning

5 of contact regions 364 of thermal trip members 142 (see Figure 9) in relation

to the positioning of front portions 264A of screws 264, where screws 264
have been screwed to a certain extent through bimetals 254 (only screws 264
and bimetals 254 of automatic trip assemblies 250C and 250D, and the
portion of slider 350 corresponding thereto, are shown for the sake of clarity).

10 The position of contact regions 364 shown in Figure 19A corresponds to the
position of lever 390 and thermal trip slider 350 shown in Figure 17A, and the
position of contact regions 364 shown in Figure 19B corresponds to the
position of lever 390 and thermal trip slider 350 shown in Figure 17B. In
Figure 19A, each of raised portions 368 of contact regions 364 is positioned

15 to make contact with a corresponding screw 264 if the bimetal 254 (to which
that screw 264 is attached) were to bend due to an overcurrent condition, with
a distance d1 separating raised portions 368 from screws 264. In Figure 19B,
each of non-raised portions 366 of contact regions 364 is positioned to make
contact with a corresponding screw 264 if the bimetal 254 (to which that

20 screw 264 is attached) were to bend due to an overcurrent condition, with a
distance d2 separating non-raised portions 366 from screws 264. Because
distance d1 is less than distance d2, bimetals 254 need to deflect to a lesser
extent when trip mechanism 64 is in the configuration shown in Figure 19A
than when trip mechanism 64 is in the configuration shown:in Figure 19B, in

25 order for contact to be made with contact regions 364 whereby trip bar
assembly 122 is rotated to thereby generate a thermal tripping operation.
Therefore, the predetermined threshold current level (overcurrent) capable of
causing a thermal tripping operation is lower for the configuration of trip
mechanism 64 shown in Figure 19A than for the configuration shown in

30 Figure 19B.
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adjusts the positioning of contact regions 364 of thermal trip members 142 in
relation to the positioning of screws 264 of automatic trip assemblies 250A,

5 250B, 250C, and 250D. In this manner, the thermal tripping operation of
circuit breaker 10 can be adjusted. Because this adjustment is externally
controlled, it advantageously does not require circuit breaker 10 to be
opened. The adjustment also advantageously does not require the entire trip
bar assembly 122 to slide within the housing of circuit breaker 10.

10 In the exemplary embodiment described above, two levels of externally
controlled adjustment are provided for the thermal tripping operation. In other
embodiments, one or more sets of additional raised portions (similar to the
set of raised portions 368) may be added in step-wise fashion (each set
raised to a differing extent) to contact regions 364 of thermal trip members

15 142, whereby movement of thermal trip slider 350 in the manner described
above woulid be precisely controlied so that, at different angies of rotation of
adjustment knob 420, a different set of raised portions (or the non-raised
portions 366) would be aligned to make contact with screws 264. Each set of
additional raised portions would thus add an additional level of externally

20 controlled adjustment to the thermal tripping operation of circuit breaker 10.

Although the preferred embodiment of the present invention has been
described with a certain degree of particularity, various changes to form and
detail may be made without departihg from the spirit and scope of the invention

25 as hereinafter claimed.
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1. A circuit interrupter comprising:

a housing;

separable main contacts within said housing;

an operating mechanism within said housing and interconnected with said
separable main contacts; and

a trip mechanism within said housing and including a rotatable trip bar
assembly that, when rotated, generates a tripping operation causing said
operating mechanism to open said contacts, said trip bar assembly having a
thermal trip member disposed for longitudinal movement in relation to said tip
bar assembly, said trip mechanism further including a bimetal through which
electrical current flows, said bimetal bending and contacting a contact area of
said thermal trip member causing said trip bar assembly to rotate and generate
said tripping operation upon a predetermined current threshold, said contact
area having regions protruding to different extents towards said bimetal, wherein
when said thermal member is longitudinally moved in relation to said trip bar
assembly, a different one of said regions of said contact area of said thermal trip
member is positioned to be contacted by said bimetal whereby said
predetermined current threshold is changed.

2. The circuit interrupter as defined in claim 1 wherein said trip bar assembly
includes a thermal trip slider to which said thermal trip member is attached, said
thermal trip slider disposed for longitudinal movement within said trip bar
assembly.

3. The circuit interrupter as defined in claim 2 wherein said trip bar assembly
includes a recess in which said thermal trip slider longitudinally moves, said trip
bar assembly further including a bottom with an opening formed therein into
which said thermal trip slider is inserted for positioning within said recess.
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5. The circuit interrupter as defined in claim 2 wherein said trip mechanism

further includes a lever rotatable about an axis and having a first end positioned
for contacting said thermal trip slider, said trip mechanism further including an
adjustment actuator accessible from a point external of said housing and

10 positioned for contacting a second end of said lever, wherein actuation of said
adjustment actuator causes said lever to rotate about said axis and to contact
said thermal trip slider thereby moving said thermal trip slider longitudinally within
said trip bar assembly.

15 6. The circuit interrupter as defined in claim 5 wherein said thermal trip slider
includes a head portion which said first end of said lever contacts.

7. The circuit interrupter as defined in claim 5 wherein said adjustment
actuator includes an adjustment knob interconnected with a connection member,
20 said adjustment knob accessible from said point external of said housing, said
connection member located within said housing and positioned for contacting

said second end of said lever.

8. The circuit interrupter as defined in claim 7 wherein said adjustment knob
25 and said connection member rotate along a second axis of rotation when said
adjustment actuator is actuated, said adjustment knob including a protrusion
extending parallel with but off of said second axis and positioned for contacting

said second end of said lever.
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trip member when said bimetal bends upon said predetermined current
threshold.

11. A circuit interrupter comprising:
10 a housing;
separable main contacts within said housing;
an operating mechanism within said housing and interconnected with said
separable main contacts; and
a trip mechanism within said housing and including a trip bar assembly
15 rotatable about an axis and that, when rotated, generates a tripping operation
causing said operating mechanism to open said contacts, said trip bar assembly
having a trip member translatable along said axis, said trip mechanism further
including a tripping actuator movable along a predetermined path of travel as a
function of electrical current, said tripping actuator contacting a contact area of
20 said trip member at a predetermined location along said predetermined path of
travel of said tripping actuator and causing said trip bar assembly to rotate and
generate said tripping operation upon a predetermined current threshold,
wherein when said trip member is translated along said axis, said contact area is
contacted by said tripping actuator at a different location along said
25 predetermined path of travel of said tripping actuator whereby said
predetermined current threshold is changed.

12. The circuit interrupter as defined in claim 11 wherein said trip bar
assembly includes a trip slider to which said trip member is attached, said trip
30 slider disposed for longitudinal movement within said trip bar assembly.
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ar assembly further including a bottom with an opening formed therein into

which said trip slider is inserted for positioning within said recess.

14.  The circuit interrupter as defined in claim 12 where said trip bar assembly
includes a plurality of said trip members each of which is attached to said trip
slider.

15.  The circuit interrupter as defined in claim 12 wherein said trip mechanism
further includes a l(e‘ver rotatable about a second axis and having a first end
positioned for contacting said trip slider, said trip mechanism further including an
adjustment actuator accessible from a point external of said housing and
positioned for contacting a second end of said lever, wherein actuation of said
adjustment actuator causes said lever to rotate about said second axis and to
contact said trip slider thereby moving said trip slider longitudinally within said trip
bar assembly.

16. The circuit interrupter as defined in claim 15 wherein said trip slider
includes a head portion which said first end of said lever contacts.

17.  The circuit interrupter as defined in claim 15 wherain said adjustment
actuator includes an adjustment knob interconnected with a connection member,
said adjustment knob accessible from said point external of said housing, said
connection member located within said housing and positioned for contacting
said second end of said lever.

18.  The circuit interrupter as defined in claim 17 wherein said adjustment
knob and said connection member rotate along a third axis of rotation when said
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5 19.  The circuit interrupter as defined in claim 18 wherein said second end of

said lever includes a recess in which said protrusion is positioned.

20. The circuit interrupter as defined in claim 11 wherein said tripping actuator
is a bimetal, said bimetal including a screw extending therethrough that contacts

10 said contact area of said trip member when said bimetal bends upon said
predetermined current threshold.



