;636% UXXY<[4p[\ 6\ T]w 25 October 2002 THERVAL MAGNETI C Cl RCU T BREAKERS
BA! ND OF THE | \“\mmml nvention relates to a thernomagnetic
circuit breaker havi ve trip display. Crcuit breakeys0Ottdbér 2002
prefornmed or cast housi Rge+t h thernomagnetic tripping neans are wel |l known
in comercial and industrial applicatiohs. US 3,162,739 discloses a neans
of this kind which has a binetallic strip for thermal trip resulting from
overload currents and a ma%neti c elenent for instantaneous trip resulting
fromshort-circuit current THERYAE MAGHETEC jGERCUI Bt BREAKERS pl ayed by t he
particul ar position of the operating handle, as is indicated in US
3,158,717. A neans for providing a visual display of an overload condition
(reason for tri in a thernmomagnetic circuit breaker is disclosed in US
3, 883, 781 BMKEEQ@@ m&@%@é\ldescri bed therein use either
mechani cal or electrical logic information, provided by the binetallic

strip, to execu and pr.oduc di spl of the overload.condition. |If such
a device is equﬁﬁﬁeﬁlvgﬁlitvr\/\meiﬁ%(?vt@r Eo%rﬁwym glr?l e%{@?g%%@i"g}ﬁaﬁt S
(trip el engglkstive &i @i?ﬁ,ye trip display is provided, where an

i nstantaneous trip reaction exists when the operating handl e desi gnates the
"tripped" state and the overload display systemis not activated. The

i ncreasi ng si gniGiradhbeealfers e @t prefioxmed roruiast hagsing wallhl themomagndtar t he

di splay of qvercurrents in electric |ine protective, npans has |ikew se nade
oani bl o GEUPBIE Fisans ae Walh KAIWE IBMRBIIEIRL Anin SRl BPLsAqanSer | nt od

25 ot ober (035 i HRCBEF A HEoeoE P HiEchBithal o RlamFiafld S, 10 °2s™"
wel | as th%héﬁﬁ%&%;&%sﬁﬁﬁxg?%xﬁ%&&[&ac?Q{lﬂﬂehitéﬂanﬂf hSnaBREHE TebdiBnP ol he.
overcurrent trip. e electtonic trip display for such trip information is

simlar toinstenthirepuaytrifesesultiag fromUsShdrt&TinbBturrent subges oMheotrippad  f or
such an electronic trip unit is like the trip unit described in_US

4,672,501. skateUs dispbyedibyithe padisodar ppsibiosupt dhe Operatingharslipeas is
condi tion, .he.| ec erload or due to a nonentary overcurrent, is
not i ndi cat gx##%@%@’%@{ and 5,519, 651, however, the devices are
unable to provide a selective trip display if nore than two trip el enents,

such as with reerﬁ%ﬁstfbraﬁr&ﬁaiﬂag)%iviﬁldmﬁﬁméy Yoft &h PovélGHP wardigsk or
an accessory trip (trip due to additional struct'ural conponents or

accessor i eqdyeasane fpr otripledn Bhehardbtiagreticf givctitotseakan lianbdisclosedi fcui t
br eakers hayi nga el ectronic trip units, such as US 4, g?@ 31,, however, do
(i fen

not al ways yas W&lhén‘éd‘erﬁt552%156bostbef%’|8tqm% 3! rgin Bse@ithehi ¢

trip units. there d rti ar _need t 1.an her neti.c
circuit brea g‘rgfgl%%%ra?leé%gcﬁf)&gxﬁ%ﬂo r{rﬁg Ophgrr ?r%gfnégn f%e {&urﬁ%ﬂalﬂt\n@%}-@a&%r t he
reason for dyecitd andipidldaed a_fspﬁafek ¢hé avRiead BRdEfoSUMNYRK Odetide is

| NVENTI ON The t hernormagnetic cifcuit breaker has a display neans that

sel ecti vel yequippeds onle weats covérboad ramd Tvementappi meadtiors , elementh| (Erip

i ndependent |y of qne agot her, conprj se, the t_rig f:f%gti on,as well as the

di spl ay meaf8menith AgsApctivee Fip AiSRlgNdis Prayideds pihere an starfapgpus trip
cooperates w.t . i I . e i he
over| oad trélqi':c‘?.C H&g‘:]e?(ﬁég)tgiwﬁg@glﬁ‘% §%§}%§£§ g‘ﬁfgggennbe%gﬁgfg?ﬁgn, tgggggogt%lt@épgpi ng
bar cooper afigSoverload display system is not activated.

The increasing significance of electronic circuits as suitable devices for
the display of overcurrents in electric line protective means has likewise made
possible devices for distinguishing between the reasons for a frip. Printed

source US 5,485,343 describes an electronic trip unit for a circuit breaker
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, 25 (October 2002 3 with the nonentary reaction el enment to produce and

di splay the nonentary trip. During a ground |eak condition, the two
tripping bars cooperate with the ground | eak reaction el enent t25 Qctobercz002
and display the ground leak trip. In all trip conditions the operating
handl e goes into a tripped position. In an accessory trip (trip due to
addi tional structural units), neither gf the tripping bars cooperates with
the accessory trip elenment, so that th&é operating handl e represents the
only nmeans for display of the trip. Consequently, selective display of the

reason for trip ampng four trip elenents is prOV|ded in sinple fashion in
an i nexpe N\éhlvlé |R¢rmét§| fbﬁélfe!' i@ thk‘@ infensityto tﬂse‘dﬂlé fas th@dﬁ@&%hfﬂf

sel ective t spl ays_f t han four trip ement s he vi ded by
2dd ng. addhd i repaReR Songlidly o 3ieriPefcs, o P SRERWEFEHP HBa0dhE onal

el ectroni [ f L1 C i,.ded, so
That | ow. ElesFohicip HRipléYy ¥8: Mok mip oSl Bb sifrifar &1 E diplaye:
breaker laemﬁ!@ecpﬁﬁmsm,em,m Rin dOES(Inferid] @i OFor TddichRRAWREE nicTHEp uAnent i on
i s described below in detail by means of exanples with referencg)to t he

drawi ng, whbkethe tripp gnitidesagbed an pi& 4,64258kct i onal view of a mechanismof a
mul ticontact thernomagnetic circuit breaker, arranged in a preforned

housi ng, W|thth tr| resutln f r.oma ta overcurrent

(e ppod st at oy ¥ g B8 A7 e ebdaf fdriasrdtie ot A U BeRiEctd

excepti 0”1!?9@&&5@%(6%%5& PR a froniet bOex‘c'&?ré‘x‘ﬂeirsQ{o?c?Hd&tafé& F' 9. 3,

a partial sectional view of a circuit breaker simlar to that of Fig. 2, in

an energi zed state, where, however, for the sake of better representation
r 25 Cctober 2da2US 8)88358dr Amd cb,a17)65h, chowevent theedevices areenmable tv e
omtted,
provide a selective trip display if more than two trip elements, such as with
reference to an overload, a momentary trip, a ground leak or an accessory trip

(trip due to additional structural components or accessories), are provided.

The additional functions available in circuit breakers having electronic
trip units, such as US 4,870,631, however, do not always justify the additional

costs for the components of electronic trip units.

Thus there is a particular need to design a thermomagnetic circuit
breaker so that upon trip of the thermomagnetic circuit breaker the reason for

trip is displayed in simple fashion.
BRIEF SUMMARY OF THE INVENTION

The thermomagnetic circuit breaker has a display means that
selectively reports the reason for trip. Two tripping bars, operable
independently of one another, comprise the trip function as well as the
display means. During an overload condition, a first tripping bar cooperates
with the overload reaction element to execute and display the overload trip.

During a momentary overcurrent condition, a second tripping bar cooperates



Fig. 4, a representation simlar to Fig. 3 wwth the exception that the
circuit breaker is shown in a tripped state resulting froma nonentary
overcurrent, Fig. 5, a partial sectional view of a circuit breabcteberi20qe
to the one shown in Fig. 2, where the circuit breaker is shown in an
energi zed state and, in addition, the reaction elenents for a nonentary
overcurrent are omtted for the sake ok better representation, Fig. 6, a
representation simlar to Fig. 5 with the exception that the circuit
breaker is represented in a tripped state resulting froman overcurrent,

Fig. 7, an alternative, arrangenent of a partial secf.ional_ view of the
e, smVSRh S OTER A CER slemegide iFEodhFe an %ﬁ@léu(eth,e IPMERAY in a

pr ef or med ust tyrl : 0 Q. f an. Qv current
<"t opr esdiPsaD ing 4 F8uR IepRRBHRIGH Ik R b BRI R g
t her roMagnRe ipgeothd teHK rdacAsl demetit SR UCE adCdisplayotal Wiledk trgi cation
of atrip resgﬁ(I)H ng frrom a groelmd | eak (fzgult curir)eaw, g\%hg‘él?e thetﬂi‘lg

associ at ednradktripicenditionsrthetoperiting handbageesinth at trippedeposiient dtiasn, and

| ththeecep%iontha,t t he

Fig. 9, arepresentation simlar . to Fjg. 8, wth, € .
circuit braSsessery ylpéﬁaaim tarqditignal a&racw&mtwg neither of the BPEYS an

ACCESSONY-pars cooperates with the accessory trip element, so that the operating handle

represents the only means for display of the trip.

Consequently, selective display of the reason for trip among four trip
elements is provided in simple fashion in an inexpensively designed
thermomagnetic circuit breaker. Additional selective trip displays for more

than four trip elements may be provided by adding additional tripping bars.

In addition, the inclusion of additional electronic circuits for display of
the reason for trip can be avoided, so that low-cost and simplified

manufacture of the thermomagnetic circuit breaker is made possible.

BRIEF DESCRIPTION OF THE DRAWINGS:

The invention is described below in detail by means of examples with

reference to the drawing, wherein:

Fig. 1 shows a partial sectional view of a mechanism of a multicontact
thermomagnetic circuit breaker, arranged in a preformed housing, with the

display of a trip resulting from a momentary overcurrent (tripped state),

Fig. 2, a representation similar to Fig. 1 with the exception that the

circuit breaker is shown in the energized state,

Fig. 3, a partial sectional view of a circuit breaker similar to that of Fig.

2, in an energized state, where, however, for the sake of better representation



25 Cctober 2002 5 DETAI LED DESCRI PTI ON OF THE | NVENTI ON.CGeneral design of
selective trip display A circuit breaker 10 arranged in a preformed housing
is shown in Fig. 1 and consists of a housing 11, an operating RE&ioties2002,
a control elenent (operating grip, handle) 13, a current path 14 and a trip
unit 15. A line connection 16 and a | oad connection 17 of the current path
14 are connected with a protective circuit (not shown) via fastening

el ements (not shown). During closed cifcuit conditions, a novable contact
18 of a novable contact arm20 lies on a stationary contact 19 of the line
connection 16 to produce an electric current flowin the current path 14

t hr ough t kire bverdoad andaiviepcurtént tdaetioh @lementsyare omtigtetl, 19, t he novabl e
contact 18, the novable contact arm 20, a flexible Iine 21 and the | oad

connection 17. The operating nechanism 12 works in a fashion simlar to
that di scl osed Hig $saFepsesepiation gimilax, ée Kig. dpwithathe exepptiomthatothen| e

contact arm 2Q.,The |atched and cl osed state of the operating nechanism 12
ot opr eoSHEBt Prohkes S5 towdy in 2 iBRed S FepiiRe e Reh dioREaNY ¢ e
housi ng 1hkphiBest rotary bearing 23 at one end of a ratchet lever 24. A
ratchet |lever surtace 25 at the other end of the ratchet |ever 24 opposite
the bearing 23 is connected with a ratchet surface 26 of a first ratchet
27, which is sdégeB, agiatigl sectidral miewaof aadircsiiipporakiengimilabeo the.on® second

ratchet 29, which_jis seated rotary, on rotaging shaft 30 in_the nechani cal
suppor t i ngheubEY Fig 2, ¢itha Giralit dreakar 165 gem iy an gaergized sisde ards wit h

ot *a moredbadtiel Brofelohofe i 57 drfeAfary Bfslsbfiaioi ol 70
tripping tf@ftwgsﬂ@dofbet@rgé{.&_gﬁ{atggpz 6 a second tripping bar 43, the bars

42 and 43 being seated rotafy in the housing 11 on a comon rotary shaft

47. A first trip lever 44 and a second trip |ever 45, which on a | ever
shaft 46 are arkignéed reyrasentationsimilac HanFigal5 svittpdhe iexgepobdhalthe are in
each instance arrapged between %he tripping bars 42 and 43 and the second
rat chet 2&ircpifcbregler isireppesented i afripped FetHiNE S AHOVRTEWEERRE and
the thernmal reaction elenments 40 and 41 within the trip unit 15 are

described bel ovg 7 LELREAMIE QrrkhEBmeRt ot a DaAfl Sectional view of the

mechanism of a multicontact thermomagnetic circuit breaker, arranged in a
preformed housing, where a tripped state resulting from an overload current

is represented,

Fig. 8, a partial sectional view of a multicontact thermomagnetic circuit
breaker, arranged in a cast housing, with indication of a trip resulting from a
ground leak (fault current), where the associated mechanism is omitted for

the sake of better representation, and

Fig. 9, a representation similar to Fig. 8, with the exception that the
circuit breaker is represented in a state resulting from tripping of an

accessory.



Reaction to Monentary Overcurrent Qperation of the nonmentary reaction

el ement 40 and the nmechanism 12 due to occurrence of a nonentary
overcurrent is explained in Figures 3 and 4, where the thermal 2%@ctben2002
el enent 41, the second tripping bar 43 and the second trip |lever 45 are
omtted for the sake of better representation. Upon occurrence of a
nonmentary overcurrent in the current path 14, an arnmature 80 with an
armature bearing 81 is pulled up magnetically by a nagnet 82, the magnet 82
being fastened in the housing 11 by neans of fastening parts 85 and 86. The
armature 80 cooperates with a first end 48 of the first tripping bar 42 and
produces OBEAHER DESGRIDHON QRhEHE INVENTIENNNng bar 42 about the tripping
bar bearing 47, owing to which a first hook 49 of the first trip lever 44
is released fromthe first ratchet urfacef of the first tripping bar 42.
The first trip-Fever S PR OLPrENe URGDBY kwi se by the use of a spring
(not shown), while a first arm51 of the first trip lever 44 is forcibly
pressed agai nsta irktitHreAlerdd é}fraﬁ%\l{ﬂ ﬁ?&g?&’foiﬂ{earl%us%%’% iSéhdwARlin Fiig 1second
ratchet 29 executes a counterclockw se rotation about Tts bearing 30. The
count er cl ankiwveoresistotodita housihgt 1le aseopearatingt mieehaRiSnc apsesohhel felergernt 31 of
the second ratchet 29 to be released fromthe supporting surface 32 of the
first depexatisige gripo dmnple)ai hatcurrenttpatipddt and ido ipgunisr e prding | i ng
between the ratchet | ever ,surface 25 a r at chet rface 26 by the use
of L e 'sprORGtIRR 16riarhs 1584 sAffadremna’ st e kil 1658 Shapt
rotation Gkithhg grofextivealifdift (ddt ShOWh) ivia ﬂa@@hiﬂ% efethbRGE(ndR sHRR)EUPON
the surface 25 Of the ratchet lever 24"is released fromthe surtace 26 of
the first Datingeflos®d ciréuit kenditiaixta inovable coritace1® of amdvabie tohtaased

fromthe ratchet surface 26, the nechani smbehaves in a manner simlar to
t he mannerarge3e liepom & Atagiorary seniact 19iof thedine epnnastign) b topradicezam 20 i s

opened and,the line be.protected,is,disgonnected... Fig. 3 sho he
oher at i no SiestFis st B i e &itzeonae 1 FEARIL Bl g donneciine . 1S
novabl e ¢ 11504 | ' ile Fig.
4 shows t%géﬁagltéarxifcldgga#g%%gﬁ%?ﬁq&x{éﬁl};%&{ﬁﬁdﬁ%@%ﬁ%ﬁ w)’%t%lg %gg%acrt]]a%g% gdt?’e% wher e
t he novabl flexibletlires 2118nd shelwel dcorardctipnid@par ated from the stati onary
contact 19. The latched state of Fig. 3 shows a first display 53 on a

second end 54 of the first tripping bar 42, which is_arranged within the
housing 11 at aTb%s‘PRfFféﬁngnmﬁﬁ?@ﬁlﬁm 12 werksiig; g &ashipny  gjmilars to sthat

i epl ay satatoold Tu AR T car D Reliee B P AR b e ot bR 1[G

wi thin thedgpeeing 11 in which the first display 53 can be seen through the
aperture 55 of the housing 11, so that a display is provided in this

fashi on when the novabl e and stationary contacts 18 and 19 of the circuit
breaker are sepé@hat ladickees] tarel rdesdd apétet o theacipesating meshapisemt B2 yis

reaction element 40 to_a mentary overcurrent condjtion. Resetrting, of the
oper at i ng TRPERSENIted iy Figy g2, wehers e ingehanical c sUpPORINg - anemBer 123 # dhece

cl osi ng of gnpa qu i S en,in
Figures 4 %él‘gag ( aE+ ng i%n)t'%tgg%r?%ggg%a??%&l eeer}gv(_gfpg_era?m%gge@t g%‘erAZOOZ 8
sequence ofatthétPleven diiffaed 25aPedbther lepd! Stitefthdt le@ar 2B®BfHosite the

Eli mnation of the nonentary overcurrent condition in the current path 14

perm ts thbeaningdisc@ineded avith a ratchiet surfase 26fpofistiratcheh@drwhichbsg. 3
under the pretensjon of a restoring spring (not _ sh ), Clockw se rofation
of “the. hanbaed JOIEY R he AnGRRAICa) IRRRENE SRPTIHGY 08 M SERIEERR] L
supporting S d . - i r uces
engagenent“gﬁagﬁggééth#ﬁgﬂ%%ﬁ‘gg%gﬂngﬁgﬂhgégrg?ghgﬁgg inglnﬁéﬁgor ith a
first cam serhBere2D ofipriste o RitehRlfing@yr 1, #hicls BodperatdswithevQippbtting
turned cl ockwi se about its rotary bearing 23. During clockw se rotation of

t he rat chesutfaceeB20n the Siestoradchetn?% ulhectrips Onif 15 kensiatschfea mement®&y cones
i nto engagenent wi.th the firﬁt ratchet, 27 unti| Lhe.ratqhet sgrfﬁge %E of
the rat chefeaciogy eloment 49,  thernalieastion islemantAla Brstinpping bar 42pod | 1 st
ratchet 27, whereby engagenent of the ratchet surface 26 with the ratchet

| ever surface 25 of Fig. 3 is nade possible. Positioning of the ratchet
surface 26 on the ratchet |lever surface 25 permts the second ratchet 29 to
execute a clockwi se rotation about its bearing 30 as a result of the force
of a restoring spring (not shown), until a stop pin 61 is in engagenent

wi th the nechani cal supporting nenber 22, whereby according to Fig. 3 the
finger 31 of the second ratchet 29 is in engagenent with the supporting
surface 32 of the first ratchet 27. C ockw se rotation of the handle 13 of
Fig. 4 |ikew se causes engagenent of the resetting surface 62 of the

o, . g o ~ o~ Y [T




25 Qctober 2002 9 spring (not shown), whereby according to Fig. 3 latching
of .the first hook 49 of the first trip |lever 44 with the 35 tglopedatpet
surface 50 of the first tripping bar 42 is nmade possible. Cosing of the
novabl e contact arm 20 to bring the novable contact 18 together with the
stationary contact 19 to forman electrical contact is produced by

count ercl ockwi se rotation of the handl e613 about the handl e beari ng 56,
whereby an el bow | ever connection 64 is actuated under the force of a
spring (not shown) actuating the mechanismin a manner simlar to the

manner di scl i !éﬁ" 7314, . tati

contacts 18 ag%g{%{h e g R%E%%T%%tba%sg%%ﬁg&cﬁggfe lég)tgﬁﬁécﬁgﬂgﬁ’ot&h@% hg)ﬁg{néhe l'ine
to be proteqtiesh hsoadabn r6lads ehaft BRI Figdt thip levero¥£ah@adicrvad atiprievér The
node of operation of the thermal reaction elenment 41 and the mechani sm 12
upon occur r didgcewbichawnowaetdveadshatie rdburare mrrangedb eotdss coni ibd mechanicaly t o
Figures 5 and 6 where, for the sagke of better illustration, fhe nopentary
reaction el SHBPRTLAG member 2 are r‘prfﬁCI?ngté’PC@,?r%ﬁ’i’&eé Heetweet the HipPINgyer 44

have been onj tt t ' C e 0] .

over | oad/ oy?ﬁ%surﬂ?egnr[cp% ﬁdefﬂéeg#g(ﬁ}d g%t%ﬁétlgg ?ﬁé I%)g?r% eergtcl?]il o(_)nf teeem::nt
41, which i %&héﬁt@g}e‘ﬂed@iohhﬂeﬁiéhfseﬂﬁd R MhédrfnAtreActRQNe1dnRéts 0 RhET) 65,
reacts and bends cl'ockwi se about the fastening point at the bend as a

result of tiveithimlthéé&dp uniy 16f arehiescdilsedadlowewithiroferencenerRIGHL 3add Stand
difference in the coefficient of thermal expansion of the materi al

conponent s foor ni ng the thermal reaction elenent 41, whereby an adjusting
screw 66 is noved in the direction of the second tripping bar 43.
Cooperation of the screw 66 with the second tripping bar 43 produces

cl ockwi se rotati qpaefioh ReMGRENA OVRRREENPAr 43 about the bar bearing 47,
wher eby a second hookK ©67 of the second trip lever 45 is carried away by a
second ratchet surface 68 of the second tripping bar 43. 25 Cct ober 2002
10 By neans of a spring (not shown) the second trip |lever 45 is

pretensi oned to &pssatien of bk wnemenigrateantionselemeat 49 sk hedmeehamomof t he

second trip  l.eyer 45 is pressed toward a tri in.52 of .the.second ratchet
36 and consddudit 13 oeHimEiEoRae oERBErS Ve irBiR iL SxBRRE IR FIBRES So about
t he bearing . %ﬁé} h i t . auses
the finger f%goétf’ t eE?é%E#\%&%?ﬁ%@h%&@gnﬁil’r@?éggwﬂ}%?nhgﬁg} gg%ﬁ@rti ng
surface 32 qhe sdvontitriptieyvetahae aditeddoh eieceake @ fiRtteprdppe@atating {ish.
Application of a pretensioning force between the ratchet |ever surface 25
and the rat cicetrrengd efce nranensplyi excroyrrentsiprthe gunant pathdvn pnagmatire §§ t he

mechanism |eads to clockwi se rotatio f the first. ratchet 27 oyt
bearing el e ap ArMALRLC DAL, ifl%l(l"é‘ﬂﬁ Wy npﬁgepcéz{lbhgy 3 E\P&Petzggi the

rel eased fr . . i rat : i | onger
engaged. If ?@%ﬂ%‘fé&? glaéelﬁg Iefg\g/tgrrl&Is llJI]Ii’ pgecfelbé%hﬁa@ Eggﬁeaﬁlél g@%@%@%@%? r at cﬁet
surface 26, gndegeMdearinatireBON@dperatéLHiths fifst and@8Nsths ifiisd @ippiry bare

manner as described in US 3,158,717 to open the novable contact arm 20,
wher eupon t H2 hndigrodudss glookwiseerbtationliofchenBest ddfippifigy bas 42habeutt the

operating mechanism 12 in t "l.ocked” apd ".dosged" ate, i.n which the
movabl e ContBEpIEH JaeEing ,W@gépimﬁw Bt ook %9%5% ﬁéStFtFIB.Cle‘éershows
t he operati ] i Sl " " .St i jch the
novabl e co n{lg'c{ger%gé%? é(? reﬁ oiri ttb€ cfg Fl'legﬁtéﬁeéﬁ 255‘2’%88 qﬁﬁg ﬁﬂq?lﬁg trélfﬁe{ﬁé gor'ﬁ1 ) r4;/} ' \(if(:)}{r? tact
19. The | ockpgt $igtieverl 451 B pRet&ii¥fed® cRREWISE ByS leéYisé bol ithe ot/ 1 of
t he second tripping bar 43, which is arranged wthin the housing 11 at a
posi tion in shbivnl, théleda Ssbprm051 sofnthte firsti tripe ldvier cldglis docdtdynpreaseel t ur e

72 in the housjng 11. The tripﬁed state of ﬁ%?. 6 shows a second dk%PIay 70
on the end 7gapplaHspspigiodd of the seerpd aatches 24, s Hetithe secamd: ratehet

housing 11 in ich the displiay,.70 can.be seen through the segand erture
72 n The noasrRst 14 RapERYBoRe AT o Bolic e bt ARE gD oAl he
novabl e and j ; ' ' ker 25
ot aber 2008 g o e Y e T P Tt o
el ement 41 agcend thnelidt @9 tofbeasleavat froadfhewapportimydurtaed2 ofthe fiRstset ti ng of
the operating nechanism 12 and the thermal reaction elenment 41 for renewed
closing of the novable and stationary contacts 18 and 19 is represented in
Figures 6 and 5 (where the reverse sequence of the trip conditions

descri bed above should be taken into account). Renoval of the overload /
overcurrent condition in the current path 14 permts the thermal reaction
elenent 41 to return to its resting position shown in Fig. 5 which is
produced as a result of cooling and rel axation of the internal stresses of
the material conponents formng the thermal reaction elenent 41. C ock-w se

g . o A~ Y )




25 Cctober 2002 12 C ockwi se rotation of the handle 13 according to Fig. 6
| i kewi se produces engagement of the resetting surface 62 of the

handl e- supporting nenber 57 with a second resetting el enent 732®8Dctdber 2002
second trip | ever 45, whereby the second trip lever 45 is rotated

count ercl ockwi se about its bearing 56 and causes lifting of the second hook
67 of the second trip | ever 45 above the second ratchet surface 68 of the
second tripping bar 43. If the second fhook 67 is | ocated above the second
ratchet surface 68, the second tripping bar 43 rotates counterclockw se
about the tripping bar-bearing 57 under the force of a pretensioning spring
(not  showatcheth2¥.eb¥hé girebirsiprihgt forcs guendilingobetveat thberatdtaniéveri p

| ever 45 with the second ratchet surface 68 of the second tripping bar 43
accor di ngguréage 25 and; thergatehetosunfages26 byotheysefoftthe &mml(eotgmwaﬂ arm 20
to bring the vabl e contact 18 into .coptact wt.h the stationgry copntact 19
is pr oduc%cguﬁgggﬁg‘ﬁt%\e&‘%ﬁw e@drsottoagl]osgwbqe f#@hﬁﬁlnﬁféheig{mtt H%Cﬁ?tbg | ever
connecti o : i rd (not
shown) ac&cgfti %%Sﬁégﬁ(%gg#gg? ggﬁefvglteg& nng{re %%{%@gﬂh@%%@g@gg%m bed
in US 3, lis8reldagetiofroht ithgisngfacBe267of ahé dirsh datehat RPNalfytheopdtahétsle@rand 19
into contact and for renewed connection of the line to be protected.

Al t er nat | swrfaed @6t hase been pretpased afyonn the tratchwet i stafanea, the myechaaisndi spl ay
of either nonent ary or overtl oad/, overcurrent .condi ti i own . in Fig.
7 where PERSREARG Blsen Biar ES e Branr doperifid i U SanlqiZcmenay ¢

Fi . 7 SNEYS ot dBIRPEShiakAlend SBUId IpAnbe CHRANIRY OB/ 1Y Protldiellis
condition. Overload/overcurrent reaction wth alternative selectrve trip

di spl ay THicondectefl. operation of the thermal reaction elenent 41 and the
25 Cctober 2002 13 nechani sm 12 upon occurrence of an overl oad/ overcurrent

in the alternative means shown in Fig. 7 is simlar to the node of
oper ati on descFigeushaws theyoperatingamechanism 42indheplaseheditand "desed

(et | oot DAFo-aBBEe TafbReeple R0 1R e fr <PnBRY SHin 3he Sl ian h
e i R R e e S

cl ockwi sesmibgutviidre thé pporgbleaicohtst i &) 47 eleatriidigngapardibe froaonthenook 67
of the second trip lever 45 fromthe second ratchet surface 68 of the

second tr Bigsiongrysenipst 13 dherlatdiedrtate efpFigng showis & Rssirdispleyd%ies at he
bear | ng_ 48SSHEh PR bt ME Mok HHPPIRE HaF | Frgeich e Ageren Pisf e
second r ah%ﬁtgfﬁ'\gsﬁ £ 28 808 ior REWRL IR iQBoEO%i@@QR%&I@S?ﬂ?ﬁ%;?n&m% i rst

rat chet 27, ratchet | ever 24, the el bow | ever nnect i 64 and t he

novabl e céh housiargr 20 The trt%phtbeﬁté of Hig. 4 showsnthedfirseslispldy 83 dbtiene
description of Fi gtanrles 3 to 6. The oveﬁﬂ%ad trip conditi osnp10¥ Fig. 7 shows

t he secongeeprshend S4@fdhe fingt tzipping ber 47 at aipssityen wiithindhe boysing i in | ever
45 | Ity i t i h i 11 ich th d .di | ay. 70

be seen ¢ RdOReHuSCHBRIY B3ehn reerD throveh Hie ABFHITE SREY dbE PORI ay | s
made proviidedol nditcatd BOIdBR #0| 6i PESHELA! WBRAT theS B AENE Rl and 19

of the circuit breaker glraghgste arated fromone another as a result of the
nmode of opeatidriary ahtadts 18aevdntd of dectirouit breakwrtard beparated pornhe mesitlb an
overl oad/ overcurrent condition. 25 Cctober 2002 14 In contrast to the
di spl ays 19f theageadion if the gppmerntanys reaction) demgat AlitAga t BomMeAEE 1 to
6 in conjunction Wth ertures in the housing 11 of the circuit breaker,
accordi ng "[Vc?rﬁfé?‘%c%f@ﬁf’ay is effected by appropriately designed trip
| evers 44 and 45.

Resetting of the operating mechanism 12 and the momentary reaction

element 40 to produce closing of the movable and stationary contacts 18 and

19 can be seen in Figures 4 and 3 (taking into consideration the reverse



Resetting of the operating nechanism 12 and the thermal reaction elenent 41
t o. produce renewed closing of the novable and stationary contacts 18 and 19
is simlar to that described with reference to Figures 6 and 5 25/beiokert2062
reverse sequence of the trip conditions described should be taken into
account). Reaction to a nonentary overcurrent with alternative sel ective
trip display The node of operation of the nonentary reaction el enent 40 and
t he nechani sm 12 upon occurrence of a Soment ary overcurrent within the
alternative neans of Fig. 7 is the sane as that described for Figures 3 and
4, where a nonentary overcurrent in the current path 14 is produced such
that the aeqaencecof3frip sopditiord aguordingetoi thel deschiptiongaleave) 8 Elinsinatioat t he
first tripping bar 42 perforns a cl ockw se rotation aboyt _the tripRi ng bar
M 14 the

bearing 4PIithe memanaLy AYyerwerent condition indhsscuyrrent palty 1¢ pesmits e 44

fromthe f} h ace .00 . f.| LAPI:Ng r

pr et ensi Or%rhgattg{)e?i%@gﬁ% ﬁ%%&hgﬁﬁ% f)‘?{)q/r%g’so Sgd%rsbé%rlﬂrg 'tEI I\%‘dﬁ%eﬂﬁ r st
trip | everprferEidit o §6re§-ﬂﬁﬁ{g st?in BlothsRewWRl 4€10dkevisé dtatiestofhipk 49 is
rel eased fromthe first ratchet surface 50 and is no | onger engaged.

Oper at i on heindléd 3sefcBigd 4r abaitea hafdld bearfing $6 ofathehstechanicahsupportive | ever
24, the el bow_ | ever connection 64 and the novable contact arm20 jis
produced iTRERbEr s3ke SupPertad 2y i a hapdiessipparging, membery. pohHdirodyges 15 The

overload trip condition of Fi.g. 7 ows,.t hat th nd hook, 67=9f .1:he
second 1 r igneREeEns S AE dheratidl atn BRI S BinASoPRERRNE MG P S byl (e
second triDErfcArsutface®W of Re frhichlet NORY 26 f tHdtahki ledbr DAIIP tity&d 44 is
still engaged wth the first ratchet surface 50 of the first tripping bar
42. Since dbekwisesibombits rétariybearinigi23engaged with the first ratchet surface
50, a first display 53 on a first projection 91 of the first trip |lever 44
is arranged in position wthin the_ housi 1in ich it, cannot,. be seen
through the firDurageslogkwisesotationef IIaﬁJgatE@etlf,V%% reRRFoRdfarn sutface

provi ded i g4lj i t 49 of
Phe o roui 00 Bf g eictBevan'ss GRHAc| o Uepekhe R pee Rt d ThientPor it

noment ary fHRAgHtERe ALraRNDS5 47 tderaltéhet 18VEED1L FE YarbuSFe<dl bERIV thetdtdHeen. |f
t he novabl e and stationary contacts 18 and 19 of the circuit breaker have

been separsurfakces26 of thedirst ratthet 2y, mdeareby engagementofidhe ratshet sucface 36
el ement 40 owing to a nonentary over#current condi tiqQn, e fi r,stsc{}c%}glk 49 of

the first withpthecpéehet deyer sugfasgsdnok Figm’d# pesikier (Fastioning 4t they chet
surface S0 Atndilickldes 4 BRI RAEy I8 R Yeldis H SlooflisRicher 3§ of 2

first proj iTrs rrp1ever S arranged In a posifion in
the housi ng, dledufe WHlSdkvise rbtaltivn iciltliayb&di heayeailt bF ane fdiee obihsi de
through the first aperture 55 in the housing 11. Resetting of the aggrating
mechani sm festamuog tspering (mott shown)p agttilen seipe pim 6146 incengageowentrwith

closing of the npvable and stationary contacts 18 and 19 i he, sa as in
the descri Fl9CHANC3} SKPRRFIRG mermbers iePeby AccPEiBEde Iglgqaéﬁegﬂlﬁer e trip
condi ti ons ri : j E cassory
condi 1 on® gESRE TSt HRHLED LS KERaLOFBARCARK A muPbaMRtE SaML A5ci
actuation Bye irgf eateHef 29 DicA6RSE Aoratidh RIF the HERAR 13 ofhBign 4 Hkéwise 8,

where the 25 Cctober 2002 16 ground | eak/accessory tripping neans 100 is
arranged i causes engagemgentl ofdflec aesettingt herface H2geofetine bandle=supporgingsm 12

id he_h ' 11 ) ' il 101, '
Cpring. LO2MEbRT (7aMMAdbe HrstoTBARIG (SErgRt G PRAGRIERY U5 V6T 447 oset
I 105. I I [¢d:epl
ar r angenent157E0S SRkt Tefer 2130 MBAER Gl GtalbRn i AR e R e

101, whi | e Yehfinpete @it BiudsR Aiehg bl the kiestilfock 46f thd Bt triptlavéy apabbevee on
the reset plate 106 to produce a counterwei ght for the opposed

pr et ensi onithg first catchét sunfader 5§ of phé MigstlOppingt bamddi Ihthe fissthaak 42ds by
coil wres 108, ich are electrjcally connected.with a.coil 1 in.the
coi | arrand@?ﬁéﬁ@%‘{e he sst satcbet uttags) 165@@%@@@&%@%8?2&9&66% el d
in such fashi ' Iy ' j icsfield
of the per W%Illglg?&%r@? ¢ %Bg,ag\aﬁeéée‘rbééat%% ILJ?I I‘IIIIESIIS‘%@@? Igclg%tg% \I\gtlggl%llo?‘héé reset
pl ate 106 and the permanent nagnet 107 is nullified. OMng to the absence
of pulling-up force between the reset plate 106 and the permanent magnet
107, the reset plate 106 is rapidly noved away fromthe pernmanent nagnet
107 as a result of the pretensioning force of the trip spring 102 pressing
the trip arm 103, the trip arm 103 being an integral conmponent of the

sol enoi d plunger arrangenent 115. The reset plate 106, the sol enoid plunger
104g the trip arm 103 and an end cap 114 are conponents of the sol enoid

pl unger arrangenent 115 and nove together in unitary fashion. A rapid
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25 Oct ober 2002 17 second ratchet surfaces 50 and 68, so that the nmechani sm
12 (for' clear representation, not shown in Fig. 8) is actuated and the
novabl e contact arm 20 is noved according to the description f@bs Qetaher 2003
to 6. The conbi ned novenent of the first and second tripping bars 42 and 43
| eads to a first and second display 53 and 70 on the first and second
tripping bars 42 and 43 and an arranggyent of the sanme within the housing
11 in a position in which the displays 53 and 70 can be seen through the
first and second apertures 55 and 72 in the housing 11, so that a display

is provided indicating that the novable and stationary contacts 18 and 19
of the cispeirg (foteshioawn)amcherebpratading to Figr 3 datching ohthecfinstitooko49 t he

o, e e P T SR M i,
et 1 bR TR Y RS ASTRLAL 1

conponentmglablee c6RlRNOIH toEethae! with’ 38 iRiénddd cohtact ') tibl RiAE &psi tion
the end cap 114 cooperates With an operating rod 113 at one end of the

reset | evalecttizsl tontacoitupeodhack by seuntératackwisd ootatiomr ef the haudle bari ng
112, whereby a reset elenent 111 at_ an_ opposije eq% of the reset |ever 105
i s broughabQuit $hey handle easing (360 ivherebst far\ns{bem ¥ep RonRerton et Hani sm 12

(Fig. 1, ag] nt_arrangenenty)  an n A essory. trinping
means 1003‘:?’!52% O'Htlfieer tﬁgﬁgﬁao fcq &‘%‘é} k}g(f‘g%h%gv %D%/ng%uy\gglﬁe §fe§%‘¥%‘ﬁg} gp%ont acts
18 and 19aRKes sichilAC6S B harrt dififoddd i BISE58,917 I RetHaRithe Whéab1d 08 tO
be elimnated for denmagnetizing (de-energizing) the coil 109. After renoval
of the tramd stajivalary cohtacto b8 ahdtMeateandiontd@ (cdiugectdd) wifhaamananother
arrangenment) abgut the handl e bearing 56 (Fig. 1), supported by the

handl e-s the Hge te hpprotertedifiagain glasedt r ol surface (not shown) of the
handl e- supporting nenber 57 to cooperate with the reset elenent 111, which
ext ends throug L Vidi |l own) of the 25 Oct ober 2002 18
housing 11 in Qbﬁ’ 61 at dzd9 rC%'E]ré,-gﬂand produces countercl ockw se
rotation of the reset |ever 105 about the reset |ever bearing 112. The
control rod 11§hefmiode 6£oplrdtoreioflie ARPARI AeaSvh tdlefdat efldag@nhéls of

t he sol enoi d plunger arrangenent 115 to drive the sol enoid plunger

ar r angenemntechasisamd2 tipory egrirrencet &f @106 verload doviencucrent ranfbe descpibedanent

107 agaj | ani f lied by th ip. [ 102.
e LR bo Ptk el e ot e Bt Bl Sbdeeicrdead, 102,
O oduce Smdihefiany fedGubiy TBRERL AR IRereD fibBiciy bht bt R G b

so that th&epolsnhhve Pbediyasmatédn@onethel Hypures. halfebri dctii@ehes ksfd aposi tion
and renewed | ocki ng of the nechanism 12 (Fig. 1, nechani cal arrangenent)

and r enewedetbadi ayersirtednd indhelshierend patk l4athe thermat oeatition element 41,
description for Figureg.3 .o 6 can faollow. Acce tri ppLpg neans Visua
di spl ay ofvhichis Brrapaanin she custent Path 14 SAdnchHisht BlecshoaceasEary
tripping r trd PRI a

o o BB c QASSSE LY e Tadonh MO YL MR J4 RGBT 2
i s arr angé@avihglvfithé iikerRalsieatidd elem@it 4 s geandifferafic@iiette doeffidiant of the
mechani sm 12 or outside the housing 11, and conprises a signaling neans

t hrough ce®fl thermad egpansionectithe materipl sogrponerds ctormingr treydhermal22 in
a coil housing 123, and _a tripping sol enoid plunger 124 for coeper.ation
Bith the HEastthn demertdtom T BRYy ARG HS iR Sctans o iF pEtied i BRSRR o
novabl e a I Fels S ﬂﬁg r @S0 i I &?&f of an
accessory%?r@%a%ekgﬁglglpﬁﬂéﬁ%&r%%g oﬁéﬁ?ﬁgénf t?mét%ggwgér :-‘%ﬂg?gﬁasF o the
coi | W resripping eart 43 pROBECEP CRIRWsP IroRdRIn bP4hé SsepdRA SRIppiAZ It 43N

i nner surface 125 of the coil housing 123 under the pretensioning force of

a restori rapossthe han bearing ¥iewhepebyCr sedamd kool 67 of the secondamipelesar 4322,
wh b . .at i | ot | d db trol ,pl.ate 127 th
TS bt g 4B B AT gLe SE3aRd TalEL SF it GR1Be Seeond BriBPiGP4t 81 ho-

coil wires 121, which in each instance are electrically connected with a
coil 128 in the coil arrangenent 122, permts the coil 128 to produce a
magnetic field for exerting a magnetic pulling-up force on a solenoid

pl unger nenber 129 for pulling a sol enoid plunger end 130 of the sol enoid
pl unger nenber 129 of the solenoid plunger 124 and the control plate 127
downward in the direction of the pretensioning force of a restoring spring
126, so that the control plate 127 strikes the trip pin 52, which extends
through a dividing wall (not shown) of the housing 11 in the direction of
t he accessory arrangenent adjacent to the nechani cal arrangenent, the

. a B M. - o o, o~




20 generated by neans of the coil 128, whereby the nagnetically generated
tripping force is nullified as counter force to the force of the restoring
spring 126, so that the spring 126 cooperates with the sol enoi @5pD¢talpmr200nd
130 to lift the sol enoid plunger nenber 129, the tripping sol enoid plunger
124 and the control plate 127 until the sol enoid plunger end 130 stops at
the inner surface 125 of the coil housing 123 and the control plate 127 is
rel eased fromthe trip pin 52 to form & separating sl ot between the control
plate 127 and the trip pin 52. If the separating slot has been forned
between the control plate 127 and the trip pin 52, the handl e 13 supported

by the haBg¢laesnpobatsphimgneitahobvh)dthe seeondtripddvert 48 kspsetensiotied ttbe
handl e bearing 56 (Fig. 1, adjacent nmechanical arrangenent) to produce

renewed | gawss ngloskwiseeratatinansasthat 2 segand anawe of the seagngf trithlevepdabl e

t act 20 di to th | pti f ' Fi 3,to 6.
The. ¢ ner B SRR g IR ELREPT e SEosRarei 26 RnediieaRy oe”
COMpr 1 Ses @l Hafthdi®adSid dordiba BSLALCHIVELHIRP Bbul' dieAahmd .t M1 P
Tri ppi ng bars operabl e | ndependently of one anot her provide a ip function

as wel |  a€oundersfddkwibe potation. ofAthtaeoaid Yatcdiet 29 dasfisahe fiigdpB16df thiet ed
with additional trip | evers. Conbi nations of independently operable

tri ppi ng Besandanatchet 3pdpdrd rejeaseddfrony the isupparting susfacas@nef fher firste

di splay of anp oyerl qQad, ntary, ground | eak or. accessory trip condition.
Ty ous eakeRebdf hnd Hencl R Bei gl Siaseed, Arpiicafion i@ Brtnietingong

i nvention N i | t friomthe
Scopo. of T HREWBAhELaRAE: HuerlsSRtcR 250 e MRS, AERME plIell]
conpri si nm»;y aspiing (hot Si@alpacthatisipitte (tdghanasthhbads tolbdavies ropgionng; a
current path (14) within said circuit breaker housing (11); a pair of

separ abl e of dhe first rgteBet1 37 ahouhbearingtalementi28, whereithe suetake 25hofutlieng,
id pair of | tacts W thi i t path; ti
rechan; smECIEBRt lvien A is Erlgase ot g Sukite ool ahe girshmarche s S hghed  ng
o e, . _ ot bpi
ot chot (350 I0HEE &flpRBRIIRhe rARhEL RARPSTHEe 35Ha8 Bln réfiaget 8ol bl [P

sai d separaiihet §QFthas 26, theldptdatitig eaddihisit et i hafadtier sihatg ko gl d
current path; a second trip ratchet §29) arranged to restrain said first
trip ratcheanfieroas described in US 3,158,717 to open the movable contact arm 20,

whereupon the line to be protected is disconnected.

Fig. 5 shows the operating mechanism 12 in the "locked" and "closed"
state, in which the movable contact 18 rests on the stationary contact 19,
while Fig. 6 shows the operating mechanism 12 in the "tripped" and "open"
state, in which the movable contact 18 is electrically separated from the
stationary contact 19. The locked state of Fig. 5 shows a second display 70 on
one end 71 of the second tripping bar 43, which is arranged within the
housing 11 at a position in which the display 70 is not visible through a
second aperture 72 in the housing 11. The tripped state of Fig. 6 shows a
second display 70 on the end 71 of the second tripping bar 43 at a position
within the housing 11 in which the display 70 can be seen through the second
aperture 72 in the housing 11, whereby a display is provided indicating that

the movable and stationary contacts 18 and 19 of the circuit breaker are



rel easing said operating nechani smduring quiescent current transfer
through said current path (14); a first trip lever (44) including first,
second and third ends, said first end interacting with said sec2h@ctabep2002
ratchet (29) to renove said restraint of said first trip ratchet, said
second end interacting with said operating nechanismto engage said
restraint of said first trip ratchet on]&said operating nechanism a first
trip bar (42) pivotally disposed in said circuit breaker, said first trip
bar including first, second and third ends, said first end of said first
trip bar (42) releasably engaging said third end of said first trip |ever,
sai d secors¢paratedfassair¢sultr et operatiosapf he dbermal yeadtionbelementotiylassai d

i ndi cat or enping; and a, first sensi uni.t. interacting with said third end
of said fiEﬁE‘Fg??i aB&Yer%deFFWQ‘@?&Q‘\%h%H in response to a first trip
condition pivots said first trip bar to release said third end of said
first trip lev i i béSdnismd 19f Itflafi rd er to
interact with ?g?%mgégﬁfdﬂﬁér]idsﬁgﬁ eI%lbt herg@ylgr%ﬁgﬁga‘?{ﬁé‘g}:oﬂﬁg#ﬁp
ratchet tceleswnydl $ar tertevsdd aliosingodf thei Mol abketarid stativabshedntaots 8 aabe
restraint on said operating mechanismto separate said separable contacts
and pi vot s1% iserepesanited infFigures & andn? (wherothe severse sequendepofthe trip at i ve

sai d separcabicahons daerubed Do Yhorfa e kendiio cofihm Rempyat Rbthe O
conpri si NGoy GSREANErbirnt %ﬁﬁiddﬁc g‘ﬂ‘i’h@Qu%Hr&.t ath®td ﬁ:@ ﬁ\?ﬂ ! i GDYS
said first end 1 nteracting wth sald second trip ratchet 16 Femove Said

restraint hctioh@lément 41 to Retirhabeits resting ?@ﬁaod skt M Fi@d, ivilgichiih sai d
operating nechanismto engage said restraint of said first trip ratchet on

sai d oper apradyicedcaraairesilt of zootingainud relegation of thedoteainal stwedses ofithet al | y
di sposed in said circuit pregaker aid second tri ar _including, first,
second andrETRiAl BEOnERR e BRMeTeL thacterd alrthest EhaCI0EkansRbl y
engaging SEdibl 6f REhaldrRals gepRide! Liilich CbupAatdaSeyopd faaRl sal d
second trip bar selectively visibleYhrough said indicator’opening, and a
second sensupyortitigl mbirtyeC 67N gibohuit h tikei Karidler dhefid 56f of atte saedRhiédli p
bar, said second sensing unit in response to a second trip condition pivots
sai d secongupponting:merober|22acanises i engagemenénef Hie operating gin 3§ iof thever

t hereby urging said first end of _said, secopd trip |eyer i.nteract. with
sai d seconga &]ieiﬁquﬁ:rl’i‘&g PR ‘H’ySZr‘@jﬂhgt afEpts n%’r}l@qepg?é‘[fc t'atehetenpye
said restrgj f ' LR tyyl s r r ' id
operating ko sh A theleler d i halEyTor B AR Re oM B Boofle L o1

the positi Durfig sRictwiee eothtndopthes aatdheetaied 24 ithe kam saifaté 6o dfotheai d
i ndi cator opening to provide visual indication of the separation of said
separ abl e byer 24tgnes3ntorpagagernent withethieefirsratshat A7, ntilhidesiunfacgi2d dfi r st

trip condit, on jnc)Judes an. instantaneous oQvercurrent. The, circuj
br eaker of e Zntshist 16xee 2 i aipiged Bt Rer i 26 of thadistel B 8 ¢ e
OVer Currentyhereby according to Fig. 5 latching of the ratchet surface 26 with the ratchet

lever surface 25 is produced.

~ Positioning of the ratchet surface 26 on the ratchet lever surface 25
causes clockwise rotation of the second ratchet 29 about its bearing 30 under
the force of a restoring spring (not shown) until the stop pin 61 engages with
the mechanical supporting member 22, whereby the finger 31 of the second
ratchet 29 engages with the supporting surface 32 of the first ratchet 27
according to Fig. 5.



5. The circuit breaker of claim2, wherein said second trip condition a
short 'tine overcurrent. 6. The circuit breaker of claim11, wherein said
first sensing unit includes a nagnet and an armature, said arnag§Oetober 2002
interacting with said third end of said first trip bar, wherein said
armature is magnetically responsive to said nmagnet in response to said
first trip condition. 7. The circuit breaker of claim?2, wherein said
second sensing unit is thermally respoh&ive to said second trip condition.
8. The circuit breaker of claiml, wherein said second end of said first
trip bar includes first indicia visible through said indicator opening.

25 Cctober 200€1@kwise Thatationcof tthor hakdle 8 adcerding wbeFiy. n6 slikelvisecond
end of said first trip bar includes first indicia visible through said

i ndi cat or pepduresengagementdok the resasting Furfaced6Z e dhe hanglersmppontingdes

br eaker  omecnBen s A P £&Bing rbaanta dlsodeond Gl Jetan £
br eaker hw;felr?gy bse @ééoﬁa%%efe%ﬁag?&Fotmtdhcoiﬁ{teraaaﬁmsa%oﬁgﬁg%ggﬁgxgp bars,

to actuate sald operating rechanismto separatée said Sépara cts in

response 56 aadt dusds liftipg ofnHe second hbok BYeofcthecsdcontirteipkivep M5 cibaivien 10,
wherein said response el enent conprises a solenoid to engage said first bar

and sai d tkesseandmagchessurfage 6§ 0é the second tsippinrg bap#3c Ibthe secondwoki n sai d
of i m 8835 Tokak? AbRe e S cRRER0RuTERIS, P& setbng WppibR AL ARy
second t1 g Ra cAUrfterdIGLBN fe b0 e $ADPid " BALBEHing B Urltbr! the t67ROGE €
a pretensioning spring (not shown), whereby latching of the second hook 67
of the second trip lever 45 with the second ratchet surface 68 of the second
tripping bar 43 according to Fig. 5 is made possible. Closing of the movable
contact arm 20 to bring the movable contact 18 into contact with the
stationary contact 19 is produced by counterclockwise rotation of the handle
13, the elbow lever connection 64 thereby being operated under the force of
the springs (not shown) actuating the mechanism in a manner similar to the
manner described in US 3,158,717 for bringing the movable and stationary
contacts 18 and 19 into contact and for renewed connection of the line to be

protected.

Alternative selective trip display

An alternative means for visual display of either a momentary or
overload/ overcurrent condition is shown in Fig. 7, where like reference
numerals refer to like parts of Figures 1 to 6. Fig. 7 shows a tripped state

resulting from an overload/overcurrent condition.

Overload /overcurrent reaction with alternative selective trip display

The mode of operation of the thermal reaction element 41 and the



to said third trip condition. 14. The circuit breaker of claim2, wherein a
response elenent wthin said circuit breaker housing is arranged to actuate
said second trip ratchet (29) to separate sai d separabl e cont agh Octaber 2002
response to a fourth trip condition, wherein neither second ends of said
first trip bar and said second trip bar are visible through said indicator
opening in response to said third trip condition. 15. The circuit breaker
of claim14, wherein said fourth tripondition is an accessory trip
condition. 16. The circuit breaker of claim 14 wherein said response

el ement conprises a solenoid to engage said second trip ratchet. 17. A
circuit BhedimiisraciPpupon dgcurentd oflah oveelakdy oherctirreant (if the laltermetiven

i ndi cator opening; a current path (14) within said circuit breaker housing
(11);  aseadns shewrn o Figa 7oisesimilaxi to dhe yopde 0fl eperationc desqritedt d9r mount ed

within sai.d circuit breaker housing, said pair of separable contagts within
said cur ?f‘léﬁ}“eﬁagh?‘ngng o‘ﬁ‘é‘u‘%?tt?‘ggaﬁ??é%ha‘ﬁﬁ@iﬁ gTZ?VG\ﬁl?W?KOE%fFHﬂ@ch‘Bi ?hebr eaker
housi ng ( sal e ' [ . i ar abl e
cont act s Ctenopath, rERlseP SRSRRE ARAHE PEChOnf SBBLF he BREHDPY

oper at i NgpdiRE BAtHSBerid 650§ eRattiriral refitibrselpateable, whetelst thedidjusting

qui escent” current transfer through said current path; a second trip ratchet
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operating Mesne barud s’ iotaild SRkWise AboG the 'Eibping bar Besting 47 to
disengage the second hook 67 of the second trip lever 45 from the second
ratchet surface 68 of the second tripping bar 43. A pretensioning spring (not
shown) provides the force for clockwise rotation of the second trip lever 45
about the lever bearing 46 when the second hook 67 is no longer in
engagement with the second ratchet surface 68. Operation of the second
ratchet 29, the first ratchet 27, the ratchet lever 24, the elbow lever connection
64 and the movable contact arm 20 is produced in the fashion corresponding

to the description of Figures 3 to 6.

The overload trip condition of Fig. 7 shows the second display 70 on
the second projection 90 of the second trip lever 45 in a position within the
housing 11 in which the second display 70 can be seen through the second
aperture 72 of the housing, whereby a display is made provided indicating
that the movable and stationary contacts 18 and 19 of the circuit breaker are
separated from one another as a result of the mode of operation of the
thermal reaction element 41 corresponding to an overload/ overcurrent

condition.
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19, The chaguit bresker of claimil, ahereln, saldbiist LR, SRNAior

the armature 80 is pulled up magnetically by magnets 82, so that the first

tripping bar 42 performs a clockwise rotation about the tripping bar bearing
47 for disengaging the first hook 49 of the first trip lever 44 from the first
ratchet surface 50 of the first tripping bar 42. A pretensioning spring (not
shown) provides a force for rotating the first trip lever 44 clockwise about the
lever bearing 46 when the first hook 49 is released from the first ratchet
surface 50 and is no longer engaged. Operation of the second ratchet 29, the
first ratchet 27, the ratchet lever 24, the elbow lever connection 64 and the

movable contact arm 20 is produced in the same fashion as in Figures 3 to 6.



20. The circuit breaker of claim 18, wherein said second trip condition
includes a long time overcurrent. 21. The circuit breakebns@ctederiofnis,
wherein said second trip condition includes a short time overcurrent. 22.
The circuit breaker of claim 17 wherein said first sensing unit includes a
magnet and an armature, said armature interacting with said third end of
said first trip bar, wherein said armatldre is magnetically responsive to
said nmagnet in response to said first trip condition. 23. The circuit
breaker of claim 18 wherein said second sensing unit is thermally
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circuit breaker have been separated as a result of the reaction of the

momentary reaction element 40 owing to a momentary overcurrent condition,

the first hook 49 of the first trip lever 44 is released from engagement with the

first ratchet surface 50 of the first tripping bar 42, whereby the first display 53

of a first projection 91 of the first trip lever 44 is arranged in a position in the

housing 11 in which the first display 53 can be seen from the outside through

the first aperture 55 in the housing 11.

Resetting of the operating mechanism 12 and the momentary reaction
element 40 to produce renewed closing of the movable and stationary contacts
18 and 19 is the same as in the description for Figures 4 and 3 (where the
reverse sequence of the trip conditions described should be taken into

account).

Ground Fault/Accessory Tripping Means

The visual display of a trip condition as a result of actuation by a

ground fault/accessory tripping means is shown in Fig. 8, where the
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3 10% & (Yeset plate 106 of the solenmd plunger arrangement 115 rests on a permanent
magnet 107 within the coil arrangement 101, while the permanent magnet 107
exerts a sufficient retaining force on the reset plate 106 to produce a
counterweight for the opposed pretensioning force of the trip spring 102. A
trip signal is supplied by coil wires 108, which are electrically connected with
a coil 109 in the coil arrangement 101, and permits the coil 109 to produce a
magnetic field in such fashion that said magnetic field is opposed to the
magnetic field of the permanent magnet 107, whereby the pulling-up force
between the reset plate 106 and the permanent magnet 107 is nullified.
Owing to the absence of pulling-up force between the reset plate 106 and the
permanent magnet 107, the reset plate 106 is rapidly moved away from the
permanent magnet 107 as a result of the pretensioning force of the trip spring
102 pressing the trip arm 103, the trip arm 103 being an integral component of
the solenoid plunger arrangement 115. The reset plate 106, the solenoid
plunger 104, the trip arm 103 and an end cap 114 are components of the
solenoid plunger arrangement 115 and move together in unitary fashion. A
rapid movement of the trip arm 103 away from the permanent magnet 107
and in the direction of the first and second tripping bars 42 and 43 results in
the projecting end 110 of the trip arm 113 simultaneously striking the second
end 54 of the first tripping bar 42 and the second end 71 of the second
tripping bar 43 to drive the first and second tripping bars 42 and 43 clockwise
about the tripping bar bearing 47, while the first and second hooks 49 and 67

(for clear representation, not shown in Fig. 8) are unlatched from the first and
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second ratchet surfaces 50 and 68, so that the mechanism 12 (for clear
representation, not shown in Fig. 8) is actuated and the movable contact arm
20 is moved according to the description for Figures 3 to 6. The combined
movement of the first and second tripping bars 42 and 43 leads to a first and
second display 53 and 70 on the first and second tripping bars 42 and 43 and
an arrangement of the same within the housing 11 in a position in which the
displays 53 and 70 can be seen through the first and second apertures 55 and
72 in the housing 11, so that a display is provided indicating that the movable
and stationary contacts 18 and 19 of the circuit breaker are separated as the
result of a reaction of the ground fault/accessory tripping means 100
corresponding to a ground fault condition. Rapid movement of the trip arm
103 away from the permanent magnet 107 in a tripped position likewise leads
to rapid movement of the end cap 114 in the same direction, since the latter
likewise is an integral component of the solenoid plunger arrangement 115. In
the tripped position the end cap 114 cooperates with an operating rod 113 at
one end of the reset lever 105 to produce clockwise rotation about a reset
lever bearing 112, whereby a reset element 111 at an opposite end of the reset

lever 105 is brought into a tripped position.

Resetting of the operating mechanism 12 (Fig. 1, adjacent
arrangement) and the ground fault/accessory tripping means 100 to produce
renewed closing of the movable and stationary contacts 18 and 19 makes it
necessary for the trip signal of the coil wires 108 to be eliminated for
demagnetizing (de-energizing) the coil 109. After removal of the trip signal,
rotation of the handle 13 (Fig. 1, adjacent arrangement) about the handle
bearing 56 (Fig. 1), supported by the handle-supporting member 57, causes a
control surface (not shown) of the handle-supporting member 57 to cooperate
with the reset element 111, which extends through a dividing wall (not

shown) of the

10z
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housing 11 in the mechanical arrangement, and produces counterclockwise
rotation of the reset lever 105 about the reset lever bearing 112. The control
rod 113 of the reset lever 105 cooperates with the end cap 114 of the solenoid
plunger arrangement 115 to drive the solenoid plunger arrangement 115 and
the reset plate 106 in the direction of the permanent magnet 107 against the
pretensioning force applied by the trip spring 102. If the reset plate 106
reaches the permanent magnet 107 and strikes it, the retaining force of the
permanent magnet 107 is sufficiently great to produce a counter force to the
pretensioning force of the trip spring 102, so that the solenoid plunger
arrangement 115 is held in the locked position and renewed locking of the
mechanism 12 (Fig. 1, mechanical arrangement) and renewed closing of the

movable contact arm 20 according to the description for Figures 3 to 6 can

follow.

Accessory tripping means

Visual display of a trip condition resulting from operation of an
accessory tripping means (accessory) such as an undervoltage tripping means
or a working current tripping means is shown in Fig. 9, where the accessory
120 is arrangéd within the housing 11 in an arrangement adjacent to that of
the mechanism 12 or outside the housing 11, and comprises a signaling means
through coil wires 121 to receive a trip signal, a coil arrangement 122 in a coil
housing 123, and a tripping solenoid plunger 124 for cooperation with the
mechanism 12 shown (in Fig. 1) for the purpose of opening the movable and
stationary contacts 18 and 19 corresponding to occurrence of an accessory trip
signal. In the reset condition without trip signal to the coil wires 121 the
tripping solenoid plunger 124 is pressed against an inner surface 125 of the

coil housing 123 under the pretensioning force of a restoring spring 125 of the
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coil arrangement 122, whereby a separating slot is produced between a
control plate 127 of the tripping solenoid plunger 124 and the trip pin 52. A
trip signal to the coil wires 121, which in each instance are electrically
connected with a coil 128 in the coil arrangement 122, permits the coil 128 to
produce a magnetic field for exerting a magnetic pulling-up force on a
solenoid plunger member 129 for pulling a solenoid plunger end 130 of the
solenoid plunger member 129 of the solenoid plunger 124 and the control
plate 127 downward in the direction of the pretensioning force of a restoring
spring 126, so that the control plate 127 strikes the trip pin 52, which extends
through a dividing wall (not shown) of the housing 11 in the direction of the
accessory arrangement adjacent to the mechanical arrangement, the second
ratchet 29 being rotated counter-clockwise about the bearing 30. Rotation of
the second ratchet 29 is followed by operation of the first ratchet 27, the
ratchet lever 24, the elbow lever connection 64 and the movable contact arm
20 in the fashion corresponding to the description referring to Figures 3 to 6.
Since the trip condition as a result of operation of an accessory 120 does not
affect the first tripping bar 42, the second tripping bar 43, the first trip lever 44
or the second trip lever 45, the positions of the first and second displays 53
and 70 remain concealed in the housing 11 and are not visible through the
first and second apertures 55 and 72 of the housing 11, so that only the

tripped position of the handle 13 is visible and serves to indicate that an

accessory trip condition exists.

Resetting of the mechanism 12 (Fig. 1, adjacent mechanical
arrangement) and the accessory 120 to produce renewed closing of the
movable and stationary contacts 18 and 19 makes it necessary first for the
tripping signal to the coil wires 121 for de-energizing the coil 128 to be

removed. Removal of the tripping signal likewise removes the magnetic field
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generated by means of the coil 128, whereby the magnetically generated
tripping force is nullified as counter force to the force of the restoring spring
126, so that the spring 126 cooperates with the solenoid plunger end 130 to lift
the solenoid plunger member 129, the tripping solenoid plunger 124 and the
control plate 127 until the solenoid plunger end 130 stops at the inner surface
125 of the coil housing 123 and the control plate 127 is released from the trip
pin 52 to form a separating slot between the control plate 127 and the trip pin
52. If the separating slot has been formed between the control plate 127 and
the trip pin 52, the handle 13 supported by the handle-supporting member 57
can be rotated clockwise about the handle bearing 56 (Fig. 1, adjacent
mechanical arrangement) to produce renewed latching of the mechanism 12
and renewed closing of the movable contact arm 20 according to the

description referring to Figures 3 to 6.

The thermomagnetic circuit breaker in a preformed housing therefore
comprises a display means for the selective display of reasons for trip.
Tripping bars operable independently of one another provide a trip function
as well as a display function. Alternatively, a display may be effected with
additional trip levers. Combinations of independently operable tripping bars
and an operating handle provide a display means for the display of an

overload, momentary, ground leak or accessory trip condition.

Various modification in structure or steps or function of the disclosed

invention may be made by one skilled in the art without departing from the

scope of the claims.
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CLAIMS:
1. A Circuit breaker comprising:

a circuit breaker housing (11) having an indicator opening;

a current path (14) within said circuit breaker housing (11);

a pair of separable contacts (18,19) mounted within said circuit breaker
housing, said pair of separable contacts within said current path,;

an operating mechanism (12) within said circuit breaker housing (11), said
operating mechanism arranged to separate said separable contacts (18,19,

a first trip ratchet (27) arranged to restrain said operating mechanism from
separating said separable contacts during quiescent current transfer through said
current path;

a second trip ratchet (29) arranged to restrain said first trip ratchet from
releasing said operating mechanism during quiescent current transfer through said
current path (14);

a first trip lever (44) including first, second and third ends, said first end
interacting with said second trip ratchet (29) to remove said restraint of said first trip
ratchet, said second end interacting with said operating mechanism to engage said
restraint of said first trip ratchet on said operating mechanism;

a first trip bar (42) pivotally disposed in said circuit breaker, said first trip bar
including first, second and third ends, said first end of said first trip bar (42)
releasably engaging said third end of said first trip lever, said second end of said
first trip bar selectively visible through said indicator opening; and

a first sensing unit interacting with said third end of said first trip bar, said
first sensing unit in response to a first trip condition pivots said first trip bar to
release said third end of said first trip lever thereby urging said first end of said first
trip lever to interact with said second trip ratchet thereby urging said second trip
ratchet to remove said restraint of said first trip ratchet to release restraint on said
operating mechanism to separate said separable contacts and pivots the position of
said second end of said first trip bar relative to said indicator opening to provide
visual indication of the separation of said separable contacts.

2. The circuit breaker of claim 1, further comprising:

a second trip lever including first, second and third ends, said first end
interacting with said second trip ratchet to remove said restraint of said first trip
ratchet, said second end interacting with said operating mechanism to engage said
restraint of said first trip ratchet on said operating mechanism;
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a second trip bar pivotally disposed in said circuit breaker, said second trip
bar including first, second and third ends, said first end of said second trip bar
releasably engaging said third end of said second trip lever, said second end of
said second trip bar selectively visible through said indicator opening; and

a second sensing unit interacting with said third end of said second trip bar,
said second sensing unit in response to a second trip condition pivots said second
trip bar to release said third end of said second trip lever thereby urging said first
end of said second trip lever to interact with said second trip ratchet thereby urging
said second trip ratchet to remove said restraint of said first trip ratchet to release
restraint on said operating mechanism to separate said separable contacts (18,19)
and pivots the position of said second end of said second trip bar relative to said
indicator opening to provide visual indication of the separation of said separable

contacts.

3. The circuit breaker of claim 2, wherein said first trip condition includes an

instantaneous overcurrent.

4. The circuit breaker of claim 2, wherein said second trip condition includes a

long time overcurrent.

5. The circuit breaker of claim 2, wherein said second trip condition a short

time overcurrent.

6. The circuit breaker of claim 1, wherein said first sensing unit includes a
magnet and an armature, said armature interacting with said third end of said first
trip bar, wherein said armature is magnetically responsive to said magnet in
response to said first trip condition.

7. The circuit breaker of claim 2, wherein said second sensing unit is thermally
responsive to said second trip condition.

8. The circuit breaker of claim 1, wherein said second end of said first trip bar
includes first indicia visible through said indicator opening.
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includes first indicia visible through said indicator opening; and
said second end of said second trip bar includes second indicia visible
through said indicator opening.

10. The circuit breaker of claim 2 wherein a response element disposed in said
circuit breaker housing is arranged to engage both said first and second trip bars, to
actuate said operating mechanism to separate said separable contacts in response
to a third trip condition.

11. The circuit breaker of claim 10, wherein said response element comprises a
solenoid to engage said first bar and said second trip bar.

12. The circuit breaker of claim 11, wherein said third trip condition is an earth
leakage condition.

13. The circuit breaker of claim 10, wherein both second ends of said first trip
bar and said second trip bar are visible through said indicator opening in response
to said third trip condition.

14, The circuit breaker of claim 2, wherein a response element within said circuit
breaker housing is arranged to actuate said second trip ratchet (29) to separate
said separable contacts in response to a fourth trip condition, wherein neither
second ends of said first trip bar and said second trip bar are visible through said
indicator opening in response to said third trip condition.

15. The circuit breaker of claim 14, wherein said fourth trip condition is an
accessory trip condition.

16. The circuit breaker of claim 14 wherein said response element comprises a
solenoid to engage said second trip ratchet.

17. A circuit breaker comprising:
a circuit breaker housing (11) having an indicator opening;
a current path (14) within said circuit breaker housing (11);
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one a pair of separable contacts (18,19) mounted within said circuit breaker
housing, said pair of separable contacts within said current path;

an operating mechanism (12) within said circuit breaker housing (11), said
operating mechanism arranged to separable said separable contacts (18,19);

a first trip ratchet (27) arranged to restrain said operating mechanism from
separating said separable contacts during quiescent current transfer through said
current path;

a second trip ratchet (29) arranged to restrain said first trip ratchet from
releasing said operating mechanism during quiescent current transfer through said
current path;

a first trip lever (44) including first, second and third ends, said first end
interacting with said second trip ratchet (29) to remove said restraint of said first trip
ratchet and selectively visible through said indicator opening, said second end
interacting with said operating mechanism to engage said restraint of said first trip
ratchet on said operating mechanism;

a first trip bar (42) pivotally disposed in said circuit breaker, said first trip bar
including first and second ends, said first end of said first trip bar (42) releasably
engaging said third end of said first trip lever; and

a first sensing unit interacting with said second end of said first trip bar, said
first sensing unit in response to a first trip condition pivots said first trip bar to
release said third end of said first trip lever thereby urging said first end of said
second trip lever to interact with said second trip ratchet thereby urging said second
trip ratchet to remove said restraint of said first trip ratchet to release restraint on
said operating mechanism to separate said separable contacts and pivots the
position of said first end of said first trip lever relative to said indicator opening to
provide visual indication of the separation of said separable contacts.

18. The circuit breaker of claim 17, further comprising:

a second trip lever (45) including first, second and third ends, said first end
interacting with said second trip ratchet to remove said restraint of said first trip
ratchet and selectively visible through said indicator opening, said second end
interacting with said operating mechanism to engage said restraint of said first trip
ratchet on said operating mechanism;
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a second trip bar (43) pivotally disposed in said circuit breaker, said second
trip bar (43) including first, second and third ends, said first end of said second trip
bar releasably engaging said third end of said second trip lever; and

a second sensing unit interacting with said second end of said second trip
bar, said second sensing unit in response to a second trip condition pivots said
second trip bar to release said third end of said second trip lever thereby urging
said first end of said second trip lever to interact with said second trip ratchet
thereby urging said second trip ratchet to remove said restraint of said first trip
ratchet to release restraint on said operating mechanism to separate said separable
contacts and pivots the position of said first end of said second trip lever relative to
said indicator opening to provide visual indication of the separation of said
separable contacts.

19. The circuit breaker of claim 17, wherein said first trip condition includes an
instantaneous overcurrent.

20. The circuit breaker of claim 18, wherein said second trip condition includes a
long time overcurrent.

21. The circuit breaker of claim 18, wherein said second trip condition includes a
short time overcurrent.

22. The circuit breaker of claim 17 wherein said first sensing unit includes a
magnet and an armature, said armature interacting with said third end of said first
trip bar, wherein said armature is magnetically responsive to said magnet in
response to said first trip condition.

23. The circuit breaker of claim 18 wherein said second sensing unit is thermally

responsive to said second trip condition.

24, The circuit breaker of claim 17 wherein said second end of said first trip
lever includes first indicia visible through said indicator opening.

25.  The circuit breaker of claim 18 wherein said second end of said first trip
lever includes first indicia visible through said indicator opening; and
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