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| nvention 1. Technical Field of the Invention (?%!dﬂ% {/i’s E3700
invention relates to a circuit breaker capabl e of breaking a circui t38/14
when an excess current or 5 a short-circuit current flows in a |oad side,
and nore particularly to a circuit breaker in which nechani cal

portions within a casing are electrically insulated from a main

circuit to prevent a high voltage from being i nduced to the mechani cal
portions.

CIRCUIT BREAKER



10 2. Description of Prior Art A circuit breaker is a

swi tching gear for automatically breaking a circuit when a
short-circuit accident occurs in such a portion as a power
transmission-distribution line, a bus barqand equipment 15 in a
transforner station, etc. It also breaks the circuit when an excess
current flows in a load side. In addition, it is not only used in
breaking the circuit, 11but al so used for opening and cl osing the
circuit in a normal condition. In order to protect the circuit, 20
reliabl e breaking for short-circuit current and excess current is
required. In a conventional circuit breaker as discl osed
in Figs. 16, 20 and 60 of Japanese Patent Unexam ned Publ i cati on No.

61- 151945 (JaPankgeowadenf ER@nIABENT2SN Publication No. 7-27750), a

switchin nechanls
9 . Tgéhnlcal Field of the Invention

This invention relates to a circuit breaker
capable of breaking a circuit when an excess current or
5 a short-circuit current flows in a load side, and more
particularly to a circuit breaker in which mechanical
portions within a casing are electrically insulated from
a main circuit to prevent a high voltage from being
induced to the mechanical portions.
10 2. Description of Prior Art
A circuit breaker is a switching gear for
automatically breaking a circuit when a short-circuit
accident occurs in such a portion as a power
transmission-distribution line, a bus bar and equipment
15 in a transformer station, etc. It also breaks the
circuit when an excess current flows in a load side. 1In
addition, it is not only used in breaking the circuit,
llbut also used for opening and closing the circuit in a
normal condition. 1In order to protect the circuit,
20 reliable breaking for short-circuit current and excess
current is required.
In a conventional circuit breaker as disclosed
in Figs. 16, 20 and 60 of Japanese Patent Unexamined
Publication No. 61-151945 (Japanese Patent Examined

25 Publication No. 7-27750), a sw1tch1ng mechanlsm,
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- 2- provided at a central pole, is nmechanically connected t hr ough
a lower |lever to a novable contact carrier at the central pole. An
overcurrent tripper within an accessory chanber is provided at each
pole, and is fixed 5 to a conductor of gach pole. In the
above conventional technique, the sw tching nmechanism the |ower |ever

and the over Cyrb@Dlied at AT EBREFadr olBde;of maBhahicdheyetenaectha
swi t chi ng mechanismis electrically charged to a potential sub- 10

stantially equrtotight Halowért bevepvabl & monabte canteet carriar the central
pol e, and the overcurrent tripper is
the central pole. An overcurrent tripper within an
accessory chamber is provided at each pole, and is fixed
5 to a conductor of each pole.

In the above conventional technigque, the
switching mechanism, the lower lever and the overcurrent
tripper are made of metal. Therefore, the switching
mechanism is electrically charged to a potential sub-

10 stantially equal to that of the movable contact carrier
at the central pole, and the overcurrent tripper is
electrically charged to a potential substantially equal
to that of the conductor of each pole. Therefore, when
a cover of the circuit breaker is opened exceptionally

15 in a hot-line condition (usually, opening the cover is
carried out after interrupting the power) to gain access
within the accessory chamber of the circuit breaker,
e.g., for adding or exchanging an interior accessory,
charged portions of the switching mechanism or that of

20 the overcurrent tripper are especially exposed and may
result in accidental user contact, which raises a
problem of a dangerous condition.

Particularly dangerous are arrangements which
provide some degree of isolation of the circuit, but

25 which still have small main circuit exposure within the
accessory chamber. More particularly, electrical
workers are lulled into a false sense of safety by the

partial (i.e., less than perfect) isolation of the main



el ectrically charged to a potential substantially equal to that of the
conductor of each pole. Therefore, when a cover of the circuit breaker
i s opened exceptionally 15 in a hot-line condition (usually, opening the
cover is carried out after interrupting the power) to gain access

wi thin the accessory chanber of the circuit breaker, e.g., for adding
or exchangi ngcifciit esndrtiacseissosnge more chnefeee pandi oasebésshe swit ching
mechani smor that of 20 the overcurrent tripper are especially exposed
and may Eesnttalhy asechlend aéfugerbebavier, winhi chesuil§esnaaccl= probl em
of a dangerous condition. Particul arly dangerous are
arrangenent s @emehal conpreyidéthokbedenréd 8XPPEBRaPR6R BETFHATCIrcuit,

but 25 which still have small main circuit exposure within th

accessory chah®siltipgeipapareurarkhe efeetricaf wor eﬁorkb?@”ﬁﬁgslﬁﬁled

'nto a fa@?e gggﬁedgggg%gggypg¥tggf isolation can be seen in U.S.

Patents 5,281,776 Morel et al. and 5,310,971 Vial et al.,
which dangerously leave a terminal portion of the main
circuit contact terminal strip 25 (Fig. 3 of U.S. Patent
5,281,776) electrically exposed within an accessory

10 chamber. Further related patents are U.S. Patent
5,357066 and Patent 5,298,874. The teachings of all
mentioned references are incorporated_herein by

reference.

Summary of the Invention
15 It is a first object of this invention to
provide a circuit breaker which eliminates the risk of
an electric shock, thereby providing excellent safety.
It is a second object of this invention to
provide a circuit breaker having a sufficient durability
20 for i.e., being capable of withstanding a high internal
pressure when a short-circuit current occurs at a load
side.
It is a third object of this invention to
provide a circuit breaker capable of preventing an
25 accessory cover from beinQ handled i.e., removed or
accessed by an unauthorized person.

It is a fourth object of this invention to



partial

exposed within an accessor

Pat ent

(i.e

., less than perfect) isolation of the main

circuit and thus becone nore carefree and carel ess.
Eventually such carefree behavior will result in acci- denti al
with the small exposed main circuit - 4esulting in harmto the
el ectrical
seen in U.S. prov1dht@msr®12’81b17%k%r@@p@blﬁl0 ahHSBakgtBn@?@r\f aI
whi ch dangerously |eave a termnal portion of th

terninal stripePSViNg gln%eﬁ% ICCPBPRRL eSS Wlt’BO‘z‘slr?‘?%Yl'é?eét’P?&al | y
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wor ker. Exanples of 5 such dangerous partial .isolation

chanber Furt he relat aten a
cover plate !sposed so as to cover Ehe sur acg of %ﬁe
circuit breaker in a switch box where the circuit

breaker is installed.
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It is still a further object of this invention

to avoid electrical connection between a main circuit
and a tripping mechanism, by instead providing interac-
tion therebetween in the form of an electrical magnetic
flux transmitted through a main circuit case.

In order to provide the above and other
objects and advantages, the present invention is a
circuit breaker comprising a main circuit including a
power-side stationary conductor electrically connected
to a power-side terminal, a load-side stationary
conductor electrically connected to a load-side termina
and a movable conductor electrically connecting and
disconnecting said power-side stationary conductor and
said load-side stationary conductor; an opening-closing
mechanism mechanically connected to the movable
conductor; a main circuit case totally isolating the
main circuit from exposure in an accessory chamber and
made of an insulating material; and a trip device for
causing the opening-closing mechanism to break the main
circuit when a current in the main circuit exceeds a
threshold value, wherein the opening-closing mechanism
and the trip device are electrically insulated from the

main circuit.

1,



5,357066 and Patent 5,298,874. The teachings of all ment i oned

references are incorporated herein by ref erence. Summary of the
I nvention 15 It is afirst object of this invention to

provide a circuit breaker which elimnates the risk of an electric
shock, thereby providing excellent safety. It is a second

obj ect of this inventiobntanotherpeobpdemanti rthet pbesarbr L1RESNAREOR
sufficient durability 20 for i.e., being capable of w thstanding a high

i nt er nal iprassireuihenraakasr cOBPrEELngcarMehR 64EGH4tatng1PE4RY
si de. It is a third object of thii inventagn to rovi de
a circuit bredkppwerpabfe sEapielarYi RGNAHCLOE §LEESTHFFLL8YEPTPRERFRei ng

handl ed i.e., renoved or . . .
to a power~side terminal, a load-side stationary

5 conductor electrically connected to a load-side terminal,
and a movable conductor electrically connecting said
power-side stationary conductor and the load-side
stationary conductor together on an ON operation; an
opening-closing mechanism.disposed outside of the main

10 circuit case and mechanically connected to open-close
the movable conductor, a main circuit case containing
the main circuit and tatally isolating the same from
exposure within an accessory chamber; and a trip device
for causing the opening-closing mechanism to break

15 electrical conduction along said main circuit when a
current in the main circuit exceeds a threshold value,
wherein the main circuit case is made of an insulating
material, and the opening-closing mechanism is connected
to the moving conductor through an insulating material.

20 In a third embodiment, the present invention
is a circuit breaker comprising a main circuit including
a power-side stationary conductor electrically connected
to a power-side terminal, a load-side stationary con-
ductor electrically connected to a load-side terminal,

25 and a movable conductor electrically connecting the
power-side stationary conductor and the load-side
stationary conductor together on an ON operation; an

opening-closing trip mechanism mechanically connected to



accessed by an unaut horized person. It is a fourth object
of this invention to -4- provi de a
circuit breaker capable of installing or renoving interior accessories
Wi t hout renmoving a main cover pl ate gli-sposed so as to cover the
surface of the circuit breaker in a switch box where the circuit 5
breaker is irndtealnicethble conductor; a mairg qmﬂqulﬁi¢Q§Qrﬁ9n%ﬁ&%kﬁgof this

i nvention to avoid electrical connection between a nain circuit

and a trlpmlnrenmﬁwan#ﬁCQAﬁ|aﬁﬂe%ﬁﬁ%#%ﬂu%ﬁ?kﬁ?%ﬁ%r%&g same Yo

t herebetween in the formof an electrical W?
exposure within an accessory c

er, and a trip device

for causing the opening-closing mechanism to break the
5 main circuit when a current in the main circuit exceeds

a threshold value; wherein the main circuit case is made
of an insulating material and the opening-closing
mechanism is disposed outside of the main circuit case,
and is electrically insulated from the main circuit, and

10 the trip device includes a transmission mechanism for
transmitting an operation of the trip device to the
opening-closing mechanism, and the transmission mecha-
nism is disposed outside of the main circuit case, and
is electrically insulated from the main circuit.

15 In yet an additional embodiment, the present
invention is a circuit breaker comprising a breaker
casing; a main circuit including a power-side stationary
conductor electrically connected to a power-side
terminal, a load-side stationary conductor electrically

20 connected to a load-side terminal and a movable con-
ductor electrically connecting and disconnecting the
power-side stationary conductor and said load-side
stationary conductor; an opening-closing mechanism
mechanically connected to the movable conductor; a main

25 circuit case containing the main circuit so as to
tatally isolate the main circuit from exposure within an
accessory chamber and being made of an insulating

material; a trip device for causing the opening-closing



10 flux transmtted through a main circuit case. I n order
to provide the above and ot her obj ects and advantages, the present

i nvention is a circuit breaker conprising a main circuit including a
power - si de stationary conductor electricakly connected 15 to a power-side
termnal, a |oad-side stationary conductor electrically connected to a
| oad-si de ter mechlanism toaideakminhebima icorduretunt eihect rd caldnertoninect i ng
and di sconnecting said power-side stationary conductor and sai d

| oad- si de st attihenawayinc gidwetisr exmeesiserd rigrasistsiley vadie ingghavicaasory
mechani cal | y connected to the novabl e . conductor; a main circuit case
total ly isol afifi®§¢ ChiéPosed wdithi® the casing Sqgoancemadad it desdarly
chanmber and .made of an insylating material; and a trip device for

causing the op@fiitg- AfodPnd HECHAT SRS Wk ANk ARIAFCEESOLY GANAE when a
current 'n5th%f¥EJ%éﬁ Gﬁ“g é@?%%%gsé% the casing for covering the

accessory area; wherein the opening-closing mechanism,

the main circuit case, and the trip device are disposed

in the casing, and the opening-closing trip mechanism

and the trip device are electrically insulated from the
10 main circuit.

Iﬁ present invention, since the opening-
closing mechanism is electrically insulated from the
main circuit, a voltage on the main circuit is not
conducted to the opening-closing mechanism. Further,

15 since the main circuit case is constructed to totally
isolate the main circuit from exposure within an
accessory area, total main circuit isolation is provided.
Therefore, a circuit breaker capable of reducing a risk

of electrical shock is obtained.

20 Brief Description of The Drawings
Other advantages and features will become more
clearly apparent from the following description,
represented in the accompanying drawings in which:
Fig. 1 is a cross-sectional view of a circuit
25 Dbreaker in a preferred embodiment of the present

invention.

Fig. 2 is a plan view of the circuit breaker



t hreshol d val ue, wherein the opening-cl osi ng nechani sm and the trip

device are electrically insulated fromthe main circuit.

-b5- I n anot her enbodi nent, the present invention is a
circuit breaker conprising a main circultgiscl uding a power-side
stationary conductor electrically connected to a power-side term nal,
a | oad-si de simttoaasyeférrednenictdimentcofi thel ynvenheened to a | oad-si de
term nal , and a novabl e conductor electrically connecting said

power - si de stationary cBhgucBoisaadcrhesteadtipaal viewsiBt fonary conduct or
t oget her on an ON operation; an
perpendicular direction to that of a conductor

explaining an arrangement of a stationary core and a
5 movable core in the preferred embodiment of the
invention.

Figs. 4a and 4b are each a cross-sectional
view along an extending direction of the conductor
explaining a magnetic circuit between the stationary

10 core and the movabie core in the preferred embodiment of
the invention. More particularly, Fig. 4a shows a
condition when the current does not exceed the threshold
value, and Fig. 4b shows a condition when the current
exceeds the threshold value and the movable core is

15 attracted to the stationary core.

Fig. 5 is a perspective view showing an inside
structure of a main circuit case with opening-closing
trip mechanism mounted on it in the preferred embodiment
of the invention.

20 Fig. 6 is a perspective view of a connecting
member and a holding member with a movable contact
carrier supported in it in the preferred embodiment of
the invention.

Fig. 7 is a perspective view of the circuit

25 Dbreaker with accessory covers closed in the preferred
embodiment of the invention.

Fig. 8 is a perspective view of the circuit

breaker with accessory covers opened, and further



openi ng- cl osi ng nechani sm di sposed outside of the main 10 <circuit case

and nechanically connected to open-cl ose t he novabl e conductor, a main
circuit case containing the main circuit and tatally isolating the
sanme from exposure within an accessopy-chanber; and a trip device

for causing the opening-closing mechanismto break 15 electrical
conducti on al grgwsagdimakerioir acicessbeiea beforeuthent are timestmdileccircuit

exceeds a threshold val ue, wherein the main circuit case is made of an
insulating in theepiralfferaed ehbodjaeinggodl ddiendnvesita®sm i s connect ed
to the noving conductor through an insulating material. 20 In a

third enbodi nent, the pFdgen® ilfvenPegspectivies view sheWing @ql&in
conprising a main circuit including ower - si de stationary ggﬁguctor

a
el ectrical |y Paftelfed lock pgchapdwdy fSrddNeeAGCRISOTY (SGIFSsitde

[ r n- r el ricall nnect. I -Si rm nal ,
stationa ySCOpreferre%p%t odgn%% o&ath% %%ve% H%ghto a load-side te a

Fig. 10 is a cross-sectional view of the main
part of the lock mechanism for the accessory cover in
the preferred embodiment of the invention.

Fig. 11 is a perspective view of a circuit

10 breaker with another type of a locking mechanism showing
a condition of an ON-state in the preferred embodiment
of the invention.

Fig. 12 is a perspective view of a circuit

. breaker with another type of a locking mechanism showing

15 a condition of an OFF-state in the preferred embodiment
of the invention.

Fig. 13 is a perspective view showing contents
of the main circuit case in the preferred embodiment of
the invention.

20 Fig. 14 is a plan view of the main circuit
cases connected side by side in the preferred embodiment
of the invention.

Fig. 15 is a partial cross-sectional view of
the main circuit cases showing a relation of the

25 connecting lever, the connecting member and the holding

member in the preferred embodiment of the invention.



25 and a novabl e conductor electrically connecting the power - si de
stationary conductor and the | oad-side stationary conductor together
on an ON operation; an openi ng-cl osing trip nechani sm mechanically
connected to . - 10 - - 6- t he novabl e
conductor; a main circuit case containing the main circuit and tatally
i sol ating thepgagelédoDescripeipasdEeThet RrefapradcEmbodymehasber; Tard a
trip device for causing the opening-closing nechanismto break the 5
main circuit Bheanaionrrent in the main circuit exceeds a threshol d
val ue; wherein the main circuit case is nade of an insulating materi al
and the opening-cl osi ngThe preferred embodiment of a circuit breaker
of the present invention will now be described with
5 reference to Figs. 1 to 15. More particularly, Fig. 1
is a cross-sectional view of the circuit breaker of this
embodiment, and Fig. 2 is a plan view of the circuit
breaker of this embodiment.
Turning now to more detailed description, the
10 circuit breaker of this embodiment is a three-pole
circuit breaker. With respect to each pole, a power-
side stationary contact carrier 11, a load-side
stationary contact carrier 17 and a movable contact
carrier 14 are arranged substantially symmetrically with
15 respect to a rotational axis of the movable contact
carrier 14. The power-side stationary contact carrier
11, serving as a power-side stationary conductor, is
electrically connected to a power-side terminal 11A.
The load-side stationary contact carrier 17, serving as
20 a load-side stationary conductor, is electrically
connected to a locad-side terminal 17A. The movable
contact carrier 14, serving as a movable conductor, is
movably held in a predetermined rotational axis. The
movable contact carrier 14 is rotatably supported at its
25 substantially center portion and has a power-side
movable contact 13 which is fixed at one end portion

thereof and a load-side movable contact 15 which is

fixed at the other end portion thereof. The power-side



mechani smis di sposed outside of the main circuit case, and is
electrically insulated fromthe main circuit, and 10 the trip device

i ncl udes a transm ssi on nechani sm for transmtting an operation of the
trip device to the openi ng-cl osi ng_megchani sm and the transm ssion
mecha- nismis disposed outside of the main circuit case, and S
electrically masabdleedontaat NS md thig AWdd-sike movable codtagtetlmn
addi ti onal enbodi nent, the present invention is a circuit breaker
conprising a lreakerranged symimed;ricaidiyn wiittc uidspewd uth rithea et - si de
stationary conductor electrically connected to a power-side

termnal, a | ddensild@xdisatofondrey meoredniest srordlastit daier 10 Wrmected to a
| oad-side term nal and a novabl e con- ductor electrically connecting
and di sconnecHMFI-de stagenarsi goniaat el ondudial amPwsi

| oad-si de 5 siS eatslt%r%air%acrci/n dc%%tt%rc’t aﬁ @ iesrgonsgedclion's Ioria%orrseecdh arnel lsan‘gion

to the power-side movable contact 13, and the load-side

stationary contact carrier 17 has a load-side stationary

contact 16 disposed in opposed relation to the load-side
| movable contact 15. The power-side stationary contact

10 carrier 11 including the power-side stationary contact
12, the load-side stationary contact carrier 17 includ-
ing the load-side stationary contact 16 and the movable
contact carrier 14 including both the power-side movable
contact 13 and the load-side movable contact 15 consti-

15 tute a main circuit 20. This main circuit 20 is
contained in a main circuit case 2 as shown in Figs. 1,
5 and 13. A circuit breaker case 6 includes a bottom
case 61 and é cover 62, and encloses the main circuit
case 2 therein.

20 In this embodiment, a holding member 22 for
holding the movable contact carrier 14 within the main
circuit case 2 is disposed rotatably around the axis of
the movable contact carrier 14. The movable contact
carrier 14 is rotatably supported on the holding member

25 22. The holding member 22 is made of an insulating
material. The holding member 22 of each pole is con-
nected to the holding member 22 of any adjacent pole by

a connecting member 24 as shown in Figs. 6, 14 and 15 so



mechani cal ly connected to the novabl e conductor; a main 25 circuit case
containing the main circuit so as to tatally isolate the main circuit
from exposure within an accessory chanber and bei ng made of an
i nsul ating material; a trip device figr _causi ng-the opening-cl osing
-7- mechanismto break the main circuit when a current in t he main
circuit exceeds aotbneshel d valineidantacoeasaoy of thar baldisgosed within
the casing for acconodating instal - lation of an interior accessory,
and an accessmeybepse2. 5Idi §pgsedSpnaacsoskacecsfionhefcabengafior covering .
t he accessory area; wherein the opening-closing nechani sm t he
main circuit casenisndaske20riip 8bei censreldpopesdg dislosed. In
this cross-section, power source side stationary
5 conductor 11, movable conductor 14 and arc chute 30 are
omitted. In this embodiment, the holding member has a +
(plus) shaped projection 22A (Fig. 6) on both sides
perpendicular to its rotational axis. The connecting
member 24 has a + (plus) shaped recess 24B on both sides
10 perpendicular to its rotational axis. The + shaped
recess and the + shaped projection are connected in
mating relation so as totransmit forces therebetween and
rotate coincidently. The recess 24B and the projection
22A are not limited to the plus shape. They may be
15 formed in such a shape as can prevent their mating
portion from causing a delay in rotation due to slipping
motion therebetween. 1In order to achieve a tight mating
without a delay in rotational direction, they may be
such polygon-shaped as triangle-shaped, rectangle-shaped,
20 square-shaped, pentagon-shaped, hexagon-shaped, and so
on. In case of opening and closing operations in normal
condition and in case of tripping action due to an
excess current (generally about 110-1000 % of a normal
current value) flowing in the load side, the movable
25 contact carrier 14 rotates together with the holding
member 22. However, in case of a short-circuit current

(generally more than 1000% of the normal current value)

flowing in the load side, the movable contact carrier 14



In the casing, and the opening-closing trip nechanism and the trip
device are electrically insulated fromthe 10 nmain circuit. .

In present invention, since the opening- cl osing nechanismis _
electrically insulated fromthe main,gircuit, a voltage on the main
circuit is not conducted to the opening-closing mechanism Further,

15 since the maideXf redtdt£ASE#$t CONSAA USpEslid® dOtSttYon of £8Ol ate the
main circuit fromexposure within an accessory area, total main

circuit isol at¢armtacstprid, ded.and 15,Thes ebpren €l et eethadieeker capabl e of
reducing a risk of electrical shock is obtained. 20 Brief
Descri pti on ofréhel £xaw fupsce between the mdtdiele ackhmtdcgesananilef ebd ur es
wi || becone nore
and stationary contact carriers 11 and 17. After this
5 repulsion, a tripping device detects short-circuit
current and drives a opening-closing mechanism portion 3
serving as an opening-closing trip mechanism to trip and
open the main circuit.
The movable contact carrier 14 is mechanically
10 connected to an opening-closing trip mechanism portion 3
through the holding member 22, the connecting member 24
and a connecting lever 26. The connection lever 26 (Fig.
5) is also made of an insulating material. The
connection lever 26 and the connecting member 24
15 mechanically cooperate to translate a linear motion
along connection lever 26 into rotational movement of
the connecting member 24 and vice versa. The connection
lever, in turn, cooperates with other circuit breaker
components and especially the opening-closing trip
20 mechanism 3, to translate or transmit mechanical motions
and forces therebetween. Thus such cooperating compo-
nents form a mechanical circuit for translating and/or
transmitting mechanical forces and motions. When the
opening-closing trip mechanism portion 3 is turned ON,
25 the movable contact carrier 14 is rotated into a posi-
tion where the movable contact carrier 14 electrically

connects the power-side stationary contact carrier 11

and the load-side stationary contact carrier 17.



clearly apparent fromthe follow ng description, represented in the

acconpanyi ng draw ngs in which: Fig. 1 is a cross-sectional
view of a circuit 25 breaker in a preferred enbodi nent of the present
I nventi on. Fig. 2 is a plan yWew of the circuit breaker
- 8- in the preferred enbodi nent of the invention. Fi g.
3 is a cross-sectional vhew hAifA circuper pendseahbiledi aadt conthdnekdat of a
conduct or expl ai ni ng an arrangenent of a stationary core and a 5

novabl e core in ahmapnetercedtenhedi Bentdef ofhen insuilpténgi oaterial
as shown in Figs. 1, 5 and 13. In this embodiment, the
main circuit case 2 is formed from two members. These
5 two members have a symmetrical shape, and they are
combined and secured after the main circuit 20 is
contained herein. 1In Fig. 5, only one of the two
members is depicted so as to show the contents of the
main circuit case 2 after the main circuit 20 is
10 assembled and contained. When the main circuit 20 is
contained in the main circuit case 2, the power-side
terminal 11A of the power-side stationary contact
carrier 11 and the load-side terminal 17A of the load-
side stationary contact carrier 17 are projected from
15 the main circuit case 2, but the other portions are
disposed within the main circuit case 2 and electrically
insulated from the exterior. Thus, these two exposed
portions e.g. the power-side terminal 11A and the load-
side terminal 17A, are charged portions when the main
20 circuit is live. Of particular importance, the main
circuit case 2 totally isolates the main circuit from
being exposed to other internal areas within the circuit
breaker, e.g., from being exposed to an accessory
installation area.
25 In this embodiment, the main circuit case 2
and the holding member 22 are made of such a durable
thermosetting resin as a polyester resin. At the time

of breaking i.e., mechanical interrupting the circuit,



Figs. 4a and 4b are each a cross-sectional vi ew al ong an extendi ng
direction of the conductor explaining a magnetic circuit between the
stationary 10 core and the novable core in the preferred enbodi nent of
the invention. Mre particularly, Fig. 4ajshows a condi ti on when the
current does not exceed the threshold val ue, and Fig. 4b shows a

condi ti on whemn recyasentith higx deegse ndtmnehraashdl iy gness sk tihe novabl e
core is 15 attracted to the stationary core. Fig. 5is a
perspective vigamestahsichdpedwaarsitde statigimant Lﬂc*i@tcﬁfcfa and rthhﬁ I‘T@,QP;QbJG,%.ZE

Wi th opening-closin trip_mechanismnmounted on it in the preferre
enbodi ﬁent ° COIﬁfaq%hé)qtﬂi\/ém&&ﬁ poxgr-side and Imaf-side witdeknpgdgive

view of a connectin .. menber_and a hol ding nenber, with a novabl e
cont act main c¢ircuit case 2. Therefore, the main circuit case 2

5 and the holding member 22 are required to withstand such
high-temperature and high-pressure arc gas. As for the
material of the main circuit case 2, in view of the cost
of the product, a polyester resin is used. Any other
resin or a ceramics material may be used as an insulat-

10 ing material for the main circuit case 2, as long as it
is capable of withstanding the high-temperature and
high-pressure arc gas.

Arc chutes (arc-extinguishing devices) 30 for
drawing and cooling the arc, generated at the time of

15 breaking the circuit, are provided in the vicinity of
the contacts of the power-side stationary contact
carrier 11, the load-side stationary contact carrier 17
and both the power-side contact and the load-side
contact of the moving contact carrier 14 in the main

20 circuit case 2. In this embodiment, an arc discharge
port 2A for discharging the cooled arc gas is provided
in the main circuit case 2.

In a preferred embodiment, multiple main
circuit cases 2 are arranged in a juxtaposed manner for

25 a three pole arrangement. The holding members 22 are
connected so that the moving contact carriers of the
three poles can be driven coincidently or substantially

simultaneously both in opening and in closing the main



carrier supported init in the preferred enbodi nent of the invention.
Fig. 7 is a perspective view of the circuit 25 breaker with accessory
covers closed in the preferred enbodi ment of the invention.

Fig. 8 is a perspective view of the circuig - breaker with accessory
covers opened, and further -9-

showi ng i ntercokrcagcgessani ehibekabedimeyitar @ henspanlied-closing t he
preferred enbodi nent of the invention. Fig. 9is a
perspecti ve vimewhshdwmngoatienn3 is mpantedf ca laockppechaeirsmdrooft he
accessory cover in the 5 preferred enbodi nent of the invention.
the outer side of the main circuit case 2 of the central
pole. As shown in Figs. 13-15, the main circuit case 2
5 .has a recess portion 2B on both sides. The connecting
lever 26 is disposed in this recess portion 2B as shown
in Fig. 15. The connecting member 24 has a rotational
arm 24A of an insulating material. An engaging portion
24C (Fig. 6) is formed on the rotational arm 24A. The
10 connecting member 26 also has an engaging portion 26A at
its end portion. This rotational arm 24A is disposed
coaxially to the rotation shaft of the holding member 22,
and is connected to the connecting lever 26 of the
opening-closing mechanism 3 by engaging the engaging
15 portions 24C and 26A. Thus, the opening-closing trip
mechanism portion 3 is provided outside of the main
circuit case 2, and is connected to the movable contact
carrier 14 so as to be electrically insulated from the
main circuit. Therefore even when the main circuit is
20 live, the voltage is not conducted to the opening-
closing mechanism 3 or exposed whatsoever into the
accessory installation area. Further, improvement in
safety is achieved, because double insulation layers,
i.e., the main circuit case 2 and the circuit breaker
25 case 6, are disposed between the contacts 12, 13, 15, 16
and an outer surface of the circuit breaker case 6.

In this embodiment, an interior accessory 80

(Fig. 8), which may be, for example, an alarm switching



Fig. 10 is a cross-sectional view of the main part of the | ock

mechani sm for the accessory cover in the preferred enbodi nent of the
i nventi on. Fig. 11 is a perspective view of a circuit 10
breaker w th another type of a | ocking mechani sm show ng a condition
of an ON-state in the preferred enbodi nent of the invention.

Fig. 12 is a prvwipectiiore ovtpmtdfirey @ raaridition dff edieercin el arfotdaer ype
of a Il ocking mechani smshowing 15 a condition of an OFF-state in the
preferred enbddi mentexternadf aleen mashitdeon(not shown), an ayiliamyis a

perspective view show ng contents of the main circuit case in the
preferred enbdNiEhing devicqha VWRdmIopiripglevice respopgive (40ig 3
pl an view of the in circuit

signal from an external tripping switch (not shown) for

5 urging a tripping operation, and an undervoltage trip
device, can be installed in installation portions 85 of
the casing 6 as shown in Fig. 8. These interior acces-
sories 80 are installed, for example, above the poles
disposed adjacent to the central pole, and are disposed

10 in either side or in both sides of the opening-closing
trip mechanism portion 3, respectively. Since the
opening-closing trip mechanism portion 3 is insulated
from the main circuit and the main circuit is not at all
exposed within the accessory installation area, a risk

15 of electrical shock is reduced in case of attaching or
removing the interior accesséry 80.

The opening-closing trip mechanism portion 3
is manually operated by an operating handle 41 to turn
ON the main circuit, and when the current in the main

20 circuit exceeds a threshold value, the breaking of the
main circuit is urged by a tripping device 5.

Fig. 3 is a cross-sectional view in a perpen-
dicular direction to that of a conductor 171 explaining
an arrangement of a stationary core 51 and a movable

25 core 52 of the tripping device 5 in this embodiment,
while Fig. 4a and 4b are cross-sectional views along an
extending direction of the conductor 171 explaining a

magnetic circuit between the stationary core 51 and the



cases connected side by side in the preferred enbodi nent of the
I nventi on.

the main circuit cases showing a relation of the 25 connecting |ever,

connecting nenber and the hol di ng

of the invention. - 10 - Det ai | ed
Descri pti on ofmokad i efete &2 BEnbatinernbafimere. Modenwsrtiooularly,

The preferred enbodi nent of a circuit breaker of the present invention
wi || now be descriiged 4& ténd Slb,r efesire et fRigpidking P a Mhert-

particul arly,

of this

10

15

20

25

Fig. 15 is a partial cross-sectional view of

t he

mepper in the preferred enbodi ment

Fig 1 IS a cross-sectional view of the circuit breaker

circuit current include a load-side stationary contact
carrier 17, the stationary core 51, the movable core 52,
a transmission lever 53 and a latch portion 3A are
disclosed and other parts are omitted in the drawing.
Fig. 4a shows a condition when the current does not
exceed the threshold value and the movable core 52 is
not energized. Fig. 4b shows a condition when the
current exceeds the threshold value and the movable core
52 is energized and attracted to the stationary core 51.
The tripping device 5 comprises the stationary core 51,
movable core 52 and the transmission lever 53. The
stationary core 51 is provided inside of the main
circuit case 2 and is disposed near to the load-side
stationary contact carrier 17. The movable core 52 is
provided outside of the main circuit case 2 and is so
arranged as to form a magnetic circuit between the
movable core 52 and the stationary core 51. The trans-
mission lever 53 serves as a transmission mechanism for
transmitting the operation of the moving core 52 to the
opening-closing mechanism portion 3.

As shown in Fig. 3, the stationary core 51 has
a U-shaped cross-section, and surrounds a conductor 171
of the load-side stationary contact carrier 17, and the
stationary core 51 is so arranged that both ends of the
U-shaped cross-section are directed toward the outside

of the main circuit case 2 (that is, directed upwardly



enbodi ment, and Fig. 2 is a plan view of the circuit breaker of this
enbodi nent . Turning now to nore detailed description, the
10, circuit breaker of this enbodinment is a three-pole circuit
breaker. Wth respect to each pole, a powep-_ side stationary contact
carrier 11, a | oad-side stationary contact carrier 17 and a novable
cont act ciar rfieys .18 ,arén amdangded. substantial ly symretrically with 15
respect to a rotational axis of the novable contact carrier 14. The
power - si de stationary cdi ddtisambatiment, Jltissugh nthasseapiowaegi de
stationary conductor, is electrically connected to a power-side
term nal 11A. core Sihelg ghicsraaRd satatﬁrmmakqammtsmtrmrearﬁmorsm? ng as
20 a |oad-side statiagnary conductor, is electrically connected to a
| oad- si de ter rﬁarﬁql%7,£7a'l‘}f‘/% thafapthe trip device 5 can be provided
5 near to a latch portion 3A of the opening-closing trip
mechanism portion 3, the stationary core 51 may be
disposed near to the power-side stationary contact
carrier 11 by changing the configurations of the movable
core 52 and the transmission lever 53. On the other
10 hand, the movable core 52 is rotatably held at one end
thereof, and is opposed to the stationary core 51
through an insulating layer of the main circuit case 2
SO as to form a substantially-closed magnetic circuit
together with the stationary core 51.
15 The moving core 52 is urged by a spring, and
is normally kept spaced a predetermined distance gap
from the stationary core 51. When the current in the
main circuit increases, and exceeds a threshold value
(about 10 to about 20 times larger than the rated
20 current), a magnetic flux generated around the conductor
171 of the load-side stationary contact carrier 17
increases, so that a magnetic flux flowing through the
stationary core 51 provided in surrounding relation to
this conductor 171 and the moving core 52, also
25 increases. As for a preferred threshold value, some
circuit breakers have predetermined fixed values, while

the other have adjustable values.

When the magnetic force due to this magnetic



contact carrier 14, serving as a novable conductor, is novably held in
a predetermned rotational axis. The novabl e contact carrier 14 is
rotatably supported at its 25 substantially center portion and has a
power - si de novabl e contact 13 which 3§ fixed at one end portion

t hereof and a | oad-side novable contact 15 which is fixed at the other
end portion tHaneofovetmomemwhesifitrce of the sprimyabtgimprileet 13 and the
| oad- si de novabl e contact 15 are arranged symetrically with respect
to the rota- movahliomsireaxids dfhe e wahabl@worfiZacts crriartdd. byrend
power -side stationary contact carrier 11 has a power- 5 side stationary
contact 12 di SISEH Havagshddwl statdiamary core 51, and is finally

brought into close proximity with the stationary core 51
5 through the insulating layer of the main circuit case 2,
thereby forming the closed magnetic circuit. The
movable core 52 has such a configuration as to cooperate
with the stationary core 51 of a U-shaped or an I-shaped
cross-section to form the magnetic circuit.

10 More particularly, as for the figure of the
stationary core and the movable core, the stationary
core 51 may have an I-shaped cross-section whereas the
movable core 52 may have a U-shaped cross-section, or
each of the stationary core 51 and the movable core 52

15 may have a U-shaped cross-section. The magnetic circuit
may be provided in a recess formed in the main circuit
case 2.

A very important feature to note is that when
the arrangement of the magnetic circuit, comprising the

20 stationary core 51 and the movable core 52, is used, the
main circuit wholly surrounded in the interior of the
main circuit case 2 is electrically insulated from the
exterior or other accessory installation areas within
the circuit breaker, and therefore when performing an

25 operation, with the cover 62 opened, there exists no
high voltage exposure in the vicinity of the other
installation areas, so that an electrical shock danger

on the part of the user can be reduced.



taoa the power-side novable contact 13, and the | oad-side stationary
contact carrier 17 has a | oad-side stationary contact 16 di sposed in
opposed rel ation to the | oad-side novabl e contact 15. The power-side
stationary contact 10 carrier 11 including the power-side stationary
cont act 12, the |l oad-side stationary contact carrier 17 includ-

ing the | oad-side stati gharyrenshdcisibh drtrerhd 3ndwsalfloemed orcdilteact
carrier 14 including both the power-side novable contact 13 and the
| oad- si de novahhercendactf thecowsiable tHret Ji2s a Whsim tdier awivakd®@ comd s
main circuit 20 is contained in a main circuit case 2 as shown |n
Figs. 1, 52 disd at3rasteid euict mMovesk dowedss & hen StaddPTR WotGBR 2

case 61 and a cover 62, and encloses the main circuit case 2 therein.
20 (i@ BhicoUBHSEHLASHWISE KHITaGTd OFerferf 188 f dr and 4),

5 transmission lever 53 abuts against the latch portion 3A
to move the latch portion 3A pivotally (in a clockwise
direction in Figs. 1 and 3), which releases a hook of
the opening-closing mechanism 3. Thus the opening-
closing mechanism portion 3 opens the main circuit 20 by

10 a tripping operation caused by the release of the hook 4.
As a result, the circuit is interrupted, thereby pre-
venting a large excess current from flowing in the load.
In this embodiment, since the movable core 52 is pro-
vided outside of the main circuit case 2 made of

15 1insulating material, voltage is not conducted to the
movable core 52 even when the main circuit is energized.
Thus, the movable core 52 and the transmission lever 53
of the trip device 5 are non-charged portions by being
electrically insulated from the main circuit.

20 In this embodiment, not only the opening-
closing mechanism portion 3 but also the trip device 5
are insulated from the main circuit to form non-charged
portions. The non-charged portion is completely sepa-
rated from the electrically charged portion. Therefore,

25 the charged portions will not be exposed, even when a
cover of the circuit breaker is opened exceptionally in
a hot-line condition, e.g., for adding or exchanging the

trip device 5 or other interior accessories. As a



hol di ng the novabl e contact carrier 14 within the main circuit case 2
I s disposed rotatably around the axis of t he novabl e contact carrier
14. The novabl e cont act carrier 14 is rotatably supported on the
hol di ng menber 25 22. The holding neobgs 22 is made of an insulating
material. The hol di ng nenber 22 of each pole is con- nected to the

hol di ng nenberreilaf, ahe adjraadit Hr@lakdyy having expwldedntngsastbercad as
shown in Figs. 6, 14 and 15 so - 12 -
as to enabl e decabtaident. rotati on of the hol ding menbers 22. In Fig
15, a cross-section of the main circuit case 20 in the central pole is
di sl osed. In thi s cirosshisecmmdinmvwer & oHreent deransf oy yo O

for detecting the current flowing in the main circuit

5 can be provided in a portion of the main circuit
extending from the main circuit case 2 of the load-side
stationary contact carrier 17 to the load-side terminal
17A, and an output of this current transformer 55 is fed
to an overcurrent detection circuit 57 provided above

10 the current transformer. The current transformer
arrangement is likewise a protective portion of the main
circuit case in that the current transformer (like the
main circuit case halves; Fig. 13) is designed and
arranged to prevent any type of main circuit exposure

15 within the other accessory installation areas of the
circuit breaker, i.e., the current transformer totally
surrounds and thus electrically isolates a corresponding
portion of the main circuit. Also, by use of the
current transformer (like the previously discussed

20 magnetic circuit), prevents electrical connection of the
high voltage of the main circuit into the other acces-
sory installation areas of the circuit breaker.

In accordance with predetermined time delay

characteristics, the overcurrent detection circuit

25 produces an output within the range of approximately 1.1
to approximately 20 times larger than the rated current.
The output of the overcurrent detection circuit is fed

to a magnetic trip device (not shown) in which a movable



5 .conductor 11, novabl e conductor 14 and arc chute 30 are omtted. In
this enbodi nent, the holding nenber has a + (plus) shaped projection
22A (Fig. 6) on both sides perpendicular to its rotational axis. The
connecting menber 24 has a + (plus) sshaped recess 24B on both sides :
10 perpendicular to its rotational axis. The + shaped recess and the
+ shaped proj ectepnadteacoadebyed permanennamaggetel dsi melsasas bet ransm t
forces therebetween and rotate coincidently. The recess 24B and the
projection reve2secaeschoatlioni ttedcbdlt HespbasdshapsheTmagnedy co&rips
formed in such a shape as can prevent their mating portion from
causi ng a del dgviiger dsaekehtadespoas| tppcageel a magnesich&leetdedhie | n
order to achieve a tight matin wi thout a delay in rotationg&

direction, thBgrRapeh magne§ugh P8l F§FACEnapdd a9 SR af§ite SERTP
rECtangle_fhaggdUapanese Patent Unexamined Publication No. 9-260136,

can be used as such a magnetic trip device. The
teachings of such reference ére incorporated herein by
reference. The movable core of the magnetic trip device,
when released, abuts against the latch portion 3A to

10 pivotally move the latch portion 3A (in a clockwise
direction in Figs. 1, 4a and 4b), so that the main
circuit is opened by the tripping operation of the
opening-closing trip mechanism portion 3. As a result,
the circuit is interrupted, thereby preventing a large

15 excess current from flowing in the load.

The main circuit cases 2, the opening-closing
mechanism portion 3, the trip device 5, the current
transformer, the overcurrent detection circuit and the
magnetic trip device are contained in a casing 6 having

20 a case 61 and a cover 62. A handgrip portion of the
operating handle 41 connected to the opening-closing
trip mechanism portion 3 and the power-side terminals
11A and the load-side terminals 17A are exposed to the
exterior of the casing 6.

25 In this embodiment, since the movable contacts
and the stationary contacts of the main circuit are
contained in the main circuit case 2 made of an

insulating material capable of withstanding high-



20 square-shaped, pentagon-shaped, hexagon-shaped, and so on. In case
of opening and cl osi ng operations in nornal condition and in case of
tripping action due to an excess current (generally about 110-1000 %
of a nornal current value) flow ng ibp the | oad side, the novable 25
contact carrier 14 rotates together with the hol ding menber 22.
However, in cesgpéftatusBoahdchighipressueatarc gaggenbeakthpingr & nkad 1000%

of the normal current val ue) flowing in the | oad side, the novable
contact carrienlg§4to have the required minimum durabilityi3 Therefipgge| f

rotates first to an opening direction of the contacts_13, 11 and 15,

16 by an el ecanoimgupengive thespasstbangoresipetWEBNashBYABRaERE Ont act
carrier 14
used for this casing.

5 In this embodiment, accessory covers, which
can be opened and closed, are provided at a surface side
of the casing 6 (at which the operating handle 41 is
provided), on both sides of the operating handle 41. By
opening these accessory covers, various interior

10 accessories (i.e., in addition to the opening-closing
mechanism 3 accessory) can be installed, or can be
exchanged for maintenance purposes. In this embodiment,
even when these accessory covers are exceptionally
opened in a hot-line condition, the charged portions of

15 the main circuit are not exposed therein, and the
maintenahce operation for the interior accessories can
be performed in a safe manner.

As described above, in this embodiment, no
charged portion of the main circuit is exposed in the

20 accessory installation area even when the accessory
cover is opened exceptionally. However, in order to
keep the interior accessory in good and reliable condi-
tion, it is not desirable that unauthorised persons open
the cover at any time. In this embodiment, accessory

25 covers 70 are disposed on the surface of the cover 62.
These accessory covers 70 are slidably supported by
mutually engaging recessed grooves 64 (Fig. 9) on both

sides thereof with a projecting portion 66 formed on the



and stationary contact carriers 11 and 17. After this 5 repulsion, a

tripping device detects short-circuit current and drives a
openi ng- cl osi ng mechani sm portion 3 serving as an opening-closing trip
mechanismto trip and open the nmain g rcuit. The

novabl e contact carrier 14 is mechanically 10 connected to an

openi ng- cl osi pgvéEi p2rechancanther kte8ssory covbreugh ke bpkdiedgomenber
22, the connecting nenber 24 and a connecting | ever 26. The connection
| ever 26 (Figclosed Shdepententimdefothancbrnsul &Ri ngnskaédindionThad
connection lever 26 and the connecting nmenber 24 15 mechanically
cooperate to meanskatsce bifnthe Aptesaor accgsspgiesnBOcteBnbPeever 26 into
rotational novenent of t he connecting nenber 24 and vice versa. The
connection  achigyed JnAtt B¥nOPEBapEr &NEs AHCER SEENe FOVRESUI 'O bie&kear

conponents_and especially the opening-clqsing tri
P 5 withpthe magn coveg %2 %emagnin clo%ed. The accessory

covers 70 are capable of opening by sliding them towards
a power-source side and are capable of being locked in a
closed position in order to prevent the interior acces-
sory from being accessed and handled by an uncertified
10 worker. When an interior accessory 80 is installed in
the casing 6 of the circuit breaker, at least one of the
accessory covers 70 is opened as shown in Fig. 10 (In
Fig. 10, both of the accessory covers 70 are opened to
install two interior accessories 80. However, in case
15 of installing one interior accessory 80, only one of the
accessory covers 70 need be opened.). Under the acces-
sory covers 70, installation portions or areas 85 for
accomodating the interior accessory 80 are formed in the
casing 6. After installing the interior accessories 80,
20 the accessory covers 70 are closed as shown in Fig. 9
and locked respectively by such lock mechanisms as shown
in Fig. 9 or Fig. 11.
As for the lock mechanism shown in Fig. 9 and
Fig. 10, a notched hole 72 of a semi-oval shape is
25 formed in the accessory cover 70. As shown in Fig. 10,
a through-hole 63A is formed in the accessory cover 70
and screw hole 63 is formed in the cover 62. A lock

screw 74 is located in a generally central portion of



20- nechanism 3, to translate or transmt nechanical notions and

forces therebetween. Thus such cooperating conpo- nents forma
mechani cal circuit for translating and/or " transmtting nechani cal
- forces and notions. \Wen the openingglosing trip mechani smportion 3

Is turned ON, 25 the novable contact carrier 14 is rotated into a posi-
ti on where thenhedvaklcheeomodel 703r angr ik tirecdddcdlntyy the stomewedtsld he

power - si de stationary contact carrier 11 and the | oad-side stationary
contact carri &3 ¥ia the through-hole 63A to fix the accessbky cover
This main circuit is assenbl ed and cont ai ned in a min circuit case 2

made of an i ng@ &o fipenmomeiral62, thus locking the accessory cover 70
A radial through hole 74A is formed in a lower portion
5 of a peripheral surface of a head of the lock screw 74.
A through-hole 64A is also so formed in each of the
opposite grooves 64 of the cover 62 that the through-
hole 64A extends horizontally in a direction perpendi-
cular to the direction of sliding of the accessory cover
10 70. The lock screw 74 is turned to bring the through-
hole 74A into alignment with the through hole 64A in a
direction substantially perpendicular to the direction
of sliding of the accessory cover 70. Then, a wire 76
is introduced into the notched hole 72, and is passed
15 through the aligned through-holes 66A, 64A and 74A.
Opposite ends of the wire 76 are sealed by a lock band
78. Thus, the accessory cover 70 is locked.
As for the lock mechanism shown in Fig. 11 and
Fig. 12, the accessory cover 70 is fixed to the cover 62
20 by a lock screw 74, and handling of the lock screw 74 is
disabled when the circuit breaker is in ON-state. Fig.
11 shows ON-state of the circuit breaker (that is, when
an operating handle is held in a forwardly-pulled posi-
ion in the illustrated embodiment). This lock mechanism
25 comprises cover members 45 disposed on both sides of the
handle 41 which moves along with the movement of the
handle 41. In an ON-state, the cover members 45 cover

the lock screws 74, which prevents the accessory covers



as shown in Figs. 1, 5 and 13. In this enbodi nent, the main circuit
case 2 is formed fromtw nenbers. These 5 two nenbers have a symetrica
shape, and they are conbi ned and secured after the main circuit 20 is

contained herein. In Fig. 5, only one of jhe two menbers i s depicted
so as to show the contents of the main circuit case 2 after the nmin

circuit 20 is7pl@romssenmhbedpanddcontiaenedhe Yheputihebreakeri Heuiin 20 is
contained in the main circuit case 2, the power-side term nal 11A of
t he power - si dehet aFFeBaayec@nhact is, theaopeeartihgahdndie Lsadiedidddn
term nal 17A of the | oad- side stationary contact carrier 17 are
proj ected from rédrwahdlyatnltedcpositaon in bhe dRdustiategortions are
di sposed within the main circuit case 2 and electrically i nsul at ed
fromthe exteembedimgns) eFeshowpoiaxfadgedl2, thocOVeEs MEMpershé >

ower-side termnal 11A and the | oad- .
P 5 are located off of t%e lock screws 74, respectively, and

therefore the lock screws 74 appear, which enables the
accessory cover 70 to be opened by removing the lock
screw 74. Similarly, the cover members 45 are located
off the lock screws.74, enabling the accessory cover 70
10 to be opened in a TRIP condition of the circuit breaker.

While the above embodiment is described with
reference to a three-pole circuit breaker, the present
invention is not limited thereto, but arrangements of
the present invention can be applied to a circuit

15 breaker having a single pole, 2 poles, 4 poles, or more
than 4 poles.

In this embodiment, although the main circuit
is constituted by the power-side stationary contact
carrier 11, load-side stationary contact carrier 17 and

20 movable contact carrier 14, there may be used an
arrangement in which a main circuit, constituted by a
power-side stationary contact carrier as used in the
conventional construction and a movable contact carrier
connected to the load, and such alternative arrangement

25 can be contained in a main circuit case made of an
insulating material, and an arrangement of the present
invention can be used wherein the opening-closing trip

mechanism portion, the trip device and accessory



side termnal 17A, are charged portions when the main 20 circuit is live.
O particular inportance, the main circuit case 2 totally isolates the
main circuit from bei ng exposed to other internal areas within the
circuit breaker, e.g., frombeing expgsed to an accessory

installation area. 25 In this enbodinment, the main circuit case
2 and t heirmt all Tt iemhere22 are too€l Df SsslatedUsdl)Sr insulated
thernosetting resin as a polyester resin. At the tine of breaking

i .e., mechani citom rthee rmuapin neixdweiti reuit,

- 15 - an arc gas with high tenperature and high pressure is



generated between the stationary contact and the novabl e contact both

on the power-side and | oad-side within the mai N ci-kcui t--case-2.—- -
Therefore, the main circuit case 2 5 and the hol di ng nmenber 22 are
required to w thstand such hi gh-tenpey at ure and hi dhis n Beplacg 5
As for the material of the main circuit case 2, in W ﬁ} l t

of the productWhaa pel gésatimedr ési:n i s used. Any ot her [

ceram cs material may be used as an insulat- 10 ing material for the nmain
circuit case 2. as |onglasiiccuit brieakegp&lom®ras iRidt:hst andi ng t he
hi gh-t enperature and hi gh- pressure arc : Arc chutes

(ar c- exti ngui shing devi @e8priBocigcuit iWﬁ%%ﬁﬁ%; En®WENTSG& he arc,
generated at the tinme of 15 Dbreaking the circuit, are provided.in.the
vicinity of StatipBagynceductrr I’F@p%@\ﬁ@ln-tﬁn@e astpé)[""le(}"ﬁaﬁf%cd:rﬁr&&nal’
carrier 11, t%elh%%géibgeé%€@¥3%¥¥§’é%%HG%%bé“%éﬁf%ééE%ing a load-
side terminal and a movable conductor electrically
connecting and disconnecting said power-side stationary
conductor and said load-side stationary conductor;

a circuit breaker case, said circuit breaker
case including an accessory chamber for containing at
least one of a breaker tripping mechanism and breaker
accessories; and

a main circuit case at least partially
enclosing and electrically isolating said main circuit
for completely isolating said main circuit from exposure
within said accessory chamber.

2. A circuit breaker comprising:

a main circuit including a power-side
stationary conductor representing a power-side terminal,
a load-side stationary conductor representing a load-
side terminal and a movable conductor electrically
connecting and disconnecting said power-side stationary
conductor and said load-side stationary conductor;

a circuit breaker case, said circuit breaker
case including an accessory chamber for containing at
least one of a breaker tripping mechanism and breaker

accessories;

a main circuit case at least partially

B




and both the power-side contact and the |oad-si der Sheetﬁgrgegpﬁe Réeqt he

novi ng contact carrier 14 in the main 20 circuit

enbodi ment, an arc di scharge port 2A for di sc HI\ Iﬂ “HIH“FI ed arc
gas is provided in the main circuit ggse 2.

preferred enbodi nent, nultiple main circuit cases 2 are arranged in a
j uxt aposed nmamerldging 2nd s ldutee @@l ¥y aiscngeimntsaid e ol di nguitenber s
22 are connected so that the noving contact carriers of the t hree
pol es can be dva viEmtcaiaiod dexind ciorcsibsiamowidéye exposedndn aebdisl y bot h
in opening and in closing the main - 16

- accessory chamber.
3. A circuit breaker comprising:

a main circuit including a power-side
stationary conductor representing a power-side terminal,
a load-side stationary conductor representing a load-
side terminal and a movable conductor electrically
connecting and disconnecting said power-side stationary
condudtor and said load-side stationary conductor;

an opening-closing mechanism mechanically
connected to said movable conductor,

a main circuit case containing said main
circuit to totally prevent exposure of said main circuit
to said opening-closing mechanism, said main circuit
case being made of an insulating material,

a tripping device for causing said opening-
closing trip mechanism to break electrical conduction
along said main circuit when a current in said main
circuit exceeds a threshold value, and

a circuit breaker case,

wherein said main circuit case is at least
partially contained within said circﬁit breaker case.

4, A circuit breaker comprising:

a main circuit including a power-side
stationary conductor representing a power-side terminal,
a load-side stationary conductor representing a load-

side terminal and a movable conductor electrically

* C L M S *
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circuit. In this enbodi nent, the opening-closing S H‘% Iﬁleélrﬁeplgd’eal on 3
I s nounted on an upper portion of the outer sﬂﬁ |rCU|t
case 2 of the central pole. As shown in Figs. 1 CIrCUIt
case 2 5 has a recess portion 2B on boths3si des. The | ever
26 is disposed in this recess portion 2B as shown |n F|g 15 The
connecti ng nenminerkiray and disdcanedcting sain Zdwaf -aide nstdiat omary .
material. An engagi ng portion 24C (Fig. 6) is formed on the rotational
arm 24A. The agndwimieindgsaetberad@6s ke os trisi emaengaepdigcpor i on 26A at
its end portion. This rotational arm 24A i s di sposed coaxially to the
rotation shaft of the hARIiIRENEMIFLIPPing tripaecharbymdpreehanbcahby

connecting |ever 26 of t he eni ng-cl osi ng nechani sm 3 by engagi ng t he
engaging 15 PRIGORI I %ﬁfodi%& ThusOnd¥e-¥peni ng-cl osing trip

of the majn,
mechani sm portion 3 is prOVIQed f%%gigeéase contalnlng said main

circuit and made of an insulating material,

a tripping device for causing said opening-
closing trip mechanism to break electrical conduction
along said main circuit when a current in said main
circuit exceeds a threshold value, and

a circuit breaker case,

wherein said main circuit case is totally
contained within said circuit breaker case, and said
main circuit case totally prevents electrical exposure
of said main circuit to internal areas of said circuit
breaker case which are outéide said main circuit case.
5. A circuit breaker according to claim 1,
wherein said opening-closing mechanism includes a
connecting lever for transmitting a movement of said
opening-closing trip mechanism, wherein said opening-
closing mechanism is disposed outside of said main
circuit case, and said connecting lever is made of
electrical insulating material.

6. A circuit breaker according to claim 3,
wherein said tripping device is activated by a magnetic
flux transmitted through an insulating material.
7. A circuit breaker according to claim 3,

wherein said tripping device is attached to said main

gy

-
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circuit case 2, and is connected to the novabl e conty@Gheet Has BeéhReplaeed 14 SO

as to be electrically insulated fromthe main ¢ ore even
when the main circuit is 20 live, the voltage is n‘)!“HHmMuﬂ t he
openi ng- cl osi ng nmechani sm 3 or exposgd-what soev

accessory installation area. Further, inprovenent in . safety is

achi eved, becaixeuwduldasd rsula itan Heayedresstrically e sokateedvef yorei said t
case 2 and the circuit breaker 25 case 6, are disposed between the
contacts 12, maimZirmmit. and an outer surface of the circuit breaker

case 6. In this enbodi nent, an interior accessory 80
(Fig. 8), which may be, & SHirstiplhreahe il AHREW ¥R ng

a main circuit including a power-side
stationary conductor representing a power-side terminal,
a load-side stationary conductor representing a load-
side terminal, and a movable conductor electrically
connecting said power-side stationary conductor and said
load-side stationary conductor together on an ON
operation;

an opening-closing mechanism disposed outside
of said main circuit case and mechanically connected to
said movable conductor,

a main circuit case containing said main
circuit; and

a trip device for causing said opening-closing
mechanism to break said main circuit when a current in
said main circuit exceeds a threshold value,

wherein said main circuit case is made of an
insulating material, and said opening-closing trip
mechanism is connected to said moving conductor through
an insulating material.

9. A circuit breaker comprising:

a main circuit includihg a power-side
stationary conductor representing a power-side terminal,
a load-side stationary conductor representing a load-
side terminal, and a movable conductor electrically

connecting said power-side stationary conductor and said

T
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- 17 - device for outputting a condition of the circuit breaker

to an external alarmdevice (not shown), an auxiliary swi tching
device, a voltage trip device responsive to a signal from an externa
tripping swtch (not shown) for 5 urgingza iripping operation, and an
undervol tage trip device, can be installed in installation portions 85
of t he casiadysides stamioraryFigpndictidre s gattherr arn aaorc 6N sories
80 are installed, for exanple, above the poles di sposed adj acent to
the central papsradndrare disposed 10 in either side or in both sides of
t he openi ng-cl osi ng trip nmechanismportion 3, respectively. Since the
openi ng-cl osing trip nmeciaMBsRiREte1asing neqhanigredrechani¢akd ¥ he main
circuit and the main cjrcuit is not at all exposed within the
accessory i nsteANRGHET fesaid maables copduGtRiinri cal shock is reduced in

case of attaching or a main circuit case containing said main

circuit, and

a trip device for causing said opening-closing
mechanism to break said main circuit when a current in
said main circuit exceeds a threshold value,

wherein said main circuit case is made of an
insulating material, and said opening-closing mechanism
is disposed outside of said main circuit case and is
electrically insulated from said main circuit, and said
trip device includes a transmission mechanism for
transmitting an operation of said trip device to said
opening—closing mechanism, and said transmission
mechanism is disposed outside of said main circuit case
and is electrically insulated from said main circuit.
10. A circuit breaker comprising:

a main circuit including a power-side
stationary conductor representing a power-side terminal,
a load-side stationary conductor representing a load-
side terminal, and a movable conductor electrically
connecting said power-side stationary conductor and said
load-side stationary conductor together on an ON
operation,

an opening-closing mechanism mechanically

connected to said movable conductor,
This Sheet Has Been Replaced
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renoving the interior accessory 80. Thil RGBS BLASEHALSI NG trip

mechani sm portion 3 I's manual |y operated by an N dle 41 to
turn ON the main circuit, and when the currentlmm“mmm

circuit exceeds a threshold value, the bregking of circuit is
urged by a tripping device 5. Fig. 3 is a cross-sectional
view in a perpen- @ eddiay ddiveenit wade ddretaiofirey conidligiain 171

expl ai ni ng an arrangenent of a stationary core 51 and a novable 25
core 52 of theitnouyp,ngrdevice 5 in this enbodi nent, while Fig. 4a and
4b are cross-sectional views along an extending directjon of the

conduct or 171 expl ai ni n@ &rip demigrtier Gausing FA IR OPIHNETA DN v
core 51 and the _ _ . .
trip mechanism to break said main circuit when a current

in said main circuit exceeds a threshold value,

wherein said main circuit case is made of an
insulating material; and said opening-closing trip
mechanism is disposed outside of said main circuit case,
and is connected to said movable conductor through an
insulating material; and said trip device includes a
fixed core.which is disposed inside of said main circuit
case, and is located in the vicinity of one of said
power-side stationary conductor and said load-side
stationary conductor, and a movable core which is
disposed outside of said main circuit case, and is so
arranged that a magnetic circuit is formed between said
moving core and said fixed core, and a transmission
mechanism for transmitting an operation of said movable
core to said opening-closing trip mechanism.

11. A circuit breaker comprising:

a casing,

a main circuit including a power-side
stationary conductor representing a power-side terminal,
a load-side stationary conductor representing a load-
side terminal and a movable conductor electrically
connecting and disconnecting said power-side stationary
conductor and said load-side stationary conductor,

an opening-closing mechanism mechanically

* [ L M - *
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- 18 - novabl e core 52 in this enbodi ment. Mre particularly —---—in
Fig. 4a and 4b, main parts for picking up a short- circuit_ current

i nclude a | oad-side stationary contact carrier 17, {TheShest e
51, the novable core 52, 5 a transnissiogglever 53 and a |l 3A
are di scl osed and other parts are omtted in the draw 4a
shows a condi tcamedissd tthe said endvalobs cmiductorgxceed the threshol d val ue
and the novable core 52 is not energi zed. Fig. 4b shows a condition
when the 10 current exxeesn tdirchitstade eohueimingtdeidovabhe core

52 is energized and attracted to the stationary core 51, The tripping
devi ce 5 conprése@uitheard fadmaed awrinsylating maveblialcore 52 and the

transm ssion |l ever 53. The | stationary core 51 is _provided inside of
t he main a trip device for causing said opening-closing

mechanism to break said main circuit when a current in
said main circuit exceeds a threshold value,

an installation portion disposed in said
casing for installing an interior accessory, and

an accessory cover disposed on a surface of
said casing for covering said installation portioﬁ,

wherein said opening-closing mechanism, said
main circuit case, and said trip device are disposed in
said casing, and said opening-closing mechanism and
said trip device are electrically insulated from said
main circuit.
12. A circuit breaker according to claim 6,
further comprising a locking device for locking said
accessory cover in a closed position.
13. A circuit breaker according to claim 7,

wherein said locking device is effected when the circuit

breaker is in an ON position.
14. A circuit breaker comprising:

a main circuit including a power-side
stationary conductor representing a power-side terminal,
a load-side stationary conductor representing a load-
side terminal and a movable conductor electrically
connecting and disconnecting said power-side stationary

conductor and said load-side stationary conductor;

* € L M s %
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15 circuit case 2 and is disposed near to the | oad-side stationary

contact carrier 17. The novable core 52 is provi ded outside of the
main circuit case 2 and is so arranged as to forma magnetic circuit
bet ween t he novabl e core 52 and the 36ationary core 51. The trans- 20
m ssion | ever 53 serves as a transm ssion nechani sm.for transmtting
the operation of the now ryrsprid 3xraakemecase, sihi Fireosimeeaehani sm
portion 3. ) . As shown in Fig. 3, the stationary core 51 has

a U shaped cr &8s dqiGIoKlingh s BGIRARRC A FHHRRY ofon 7A0nYEINRY t3He

| oad-si de statjonary co% carrier 17, and the . stat(%igr?fr%écore 51 is

ct
so arranged t H2HoiNefl dPTFREET TrIRRING U HYLSR R @7 irected

toward the cnﬂg%ég%sorieég ggga main circuit case 2 (that is, directed
upwar dl y

a main circuit case contained within said
circuit breaker case, said main circuit case totally
isolating and preventing electrical exposure of said
main circuit to internal areas of said circuit breaker

case which are outside said main circuit case.

This Sheet Has Been Replaced
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- 19 - in Figs. 3, 4a and 4Db). _ In this enbodi nent,

al t hough the stationary core 51 is disposed at the | oad-side
stationary contact carrier 17 so that the trip device 5 can be
provided 5 near to a latch portion 3A_of7the opening-closing trip
mechani sm portion 3, the stationary core 51 may be di sposed near to
t he power -si desrsitatdcanary cont act carrier 11 by changing the
configurations of the novable core 52 and the transm ssion |ever 53.
On the other 10 hand, A heirmuvighlheresdter 3ving @t dafs consdreet oy end
thereof, and is opposed to the stationary core 51 t hrough an,

i nsul ating | ay&rersd nhelRgtriGalely icharged portians Are EFRFIFSG in an

substantial l y-cl osed nagnetic circuit . .
accessory installation area or anywhere outside a main

circuit case even if a cover of the circuit breaker is
opened in a live condition. 1In order to achieve above
object, the circuit breaker of this invention includes
the main circuit case made of an insulating material,
and an opening-closing trip mechanism disposed outside
of the main circuit case and electrically insulated from
the main circuit. According to this invention, a
circuit breaker capable of eliminating the risk of an
electric shock, thereby providing the excellent safety

can be obtained.

heet Has Been Replaced
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together with the stationary core 51. 15 The noving core 52 is

urged by a spring, and is normal |y kept spaced a predeterm ned
di stance gap fromthe stationary core 51..- When t-he currentin the
main circuit increases, and exceeds a threshold yalue ( 10 to
about 20 times larger than the rated 20 curre s Shegt BwnR?qggéux
generated around the conductor 171/0F Hthe lo l“ u nary contact
carrier 17 . increases, so that a magnetic flu ugh t he
stationary core 51 provided in surrounding relation to t hi s conduct or
171 and the noving core 52, also 25 increases. As for a preferred
t hreshol d val ue, sone circuit breakers have edeterm ned fi xed
val ues, while t he other have adjustabl e val : _ When
t he magnetic force due to this nagnetic -
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- 20 - flux overcones the force of the épring urging the novabl e

core 52, the novable core 52 is attracted by and noved toward the
stationary core 51, and is finally brought into close proximty with
the stationary core 51 5 through the insul ating-l-ayer "6f the main circuit
case 2, thereby formng the cl osed na netic circ laced novabl e
core 52 has such a configuration as to?.zfob er at @‘SSheet%aE oA R stationary
core 51 of a U-shaped or an |-shaped Cross- st\“\“ﬁm M‘hthe
magnetic circuit. 10 More particul arl i gure of

t he stationary core and the novabl e core, the stationary core 51

may have an |-shaped cross-section whereas the

FIG. 2

Ill\“\ o )
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novabl e core 52 may have a U shaped cross-section, or each of the
stationary core 51 and the novable core 52 15 may have a U shaped
cross-section. The magnetic circuit may be provided in a recess
formed in the main circuit case 2. _ LA very--i-npertant
feature to note is that when t he arrangenent of the magneti c CIrCUIt,
conprising the 20 stationary core 583 #nH1the anabHQS@UﬂéhSEﬂm

t he main circuit wholly surrounded in the interi Tlii
circuit case 2 is electrically insulated fromthe

naln
t her

accessory installation areas within the circuit breaker and therefore
when performng an 25 operation, with the cover 62 opened, there exists
no hi gh vol tage exposure in the vicinity of the other

installation areas, so that an electrical shock danger on the part of

FIG. 4a

t he user can be reduced.
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- 21 - The transm ssion |ever 53 is formed on the ot her
end of the novable core 52. Wien the novabl e core 52 is attracted and
noved towards the stationary core 51 - (in a counterclockwise direction
in Figs. 1 and 4), the 5 transmission |ever 53 abuts against the latch
portion 3A to nove the latch portion 3A pivotally FySheet HasRepnReplaced
direction in Figs. 1 and 3), which reléaséd a hook of J uﬁ:
openi ng- cl osi ng nechani sm 3. Thus the opening- cl osi [
portion 3 opens the main circuit 20 by 10 a tripping operation caused by
the rel ease of the hook 4. As a result, the circuit is interrupted,

t hereby pre-

FIG. S
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venting a |l arge excess current fromflowing in the | oad. In this
enbodi nent, since the novable core 52 is pro- vi ded outside of the
main circuit case 2 nmade of 15 insulating material, voltage is not— -
conducted to the movabl e core 52 even when the NRigBh6e FissWedn Heflace
energi zed. Thus, the novable core 52 and the tran ' g3

of the trip device 5 are non-charged p5|/tidns by bei ngﬂmuﬂ!ﬂ"ﬁﬂmﬂﬂal |y
insulated fromthe main circuit. 20 . In thi Alinot
only the opening- cl osi ng nmechani smportion 3 but also the trip device
5 are insulated fromthe main circuit to form non-charged

portions. The non-charged portion is conpletely sepa- rated fromthe
el ectrically charged portion. Therefore, 25 the charged portions will not
be exposed, even when a cover of the circuit breaker is opened
exceptionally in a hot-line condition, e.g, for addiadg or exchangi ng

. FIG. 6
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trip device 5 or other interior accessories. As a ,
- 22 - result, the circuit breaker having excellent safety can be
obt ai ned. In this enbodinent, a current transfornmer 55
for detecting the current flowing in the main circuit 5 can be-previ-ded in

a portion of the main circuit extendi ng from tTis Sh&t i, GLd,GUI L case 2
of the | oad-side stationary conta&st/ tdrrier 17 Vi R oL
t erm nal 17A, and an output of this current tr (

fed
to an overcurrent detection circuit 57 provided abov rent
transforner. The current transforner

THIS SHEET HAS. BEEN
REPLACED




arrangenment is |likewise a protective portion of the main circuit case
in that the current transfornmer (like the main circuit case hal ves;
Fig. 13) is designed and arranged to prevent any type of main circuit
exposure 15 w thin the other accessory installation areas of the -
circuit breaker, i.e., the current transformer totTidSheet Has BeSilepaitgds and

thus electrically isolates a correspondingl por I N
circuit. Al so, by use of the current transfor u mWr evi ously
di scussed 20 nmagnetic circuit), prevents electric of the

hi gh voltage of the main circuit into the other acces- sory
Installation areas of the circuit breaker. I n accordance
with predeterm ned tinme del ay characteristics, the overcurrent
detection circuit 25 produces an output within the range of approxi mately
1.1 to approximately 20 tines | arﬁel G1an gne rated current.

THIS SHEET HAS BEEN
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The output of the overcurrent detection circuit is fed to a magnetic
trip device (not shown) in which a novable S

- 23 - core, attracted by a permanent magnet, is rgl@ASEsh: BYn Replaced

reverse excitation (a coil disposed in the magnetic trip S
excited so as to cancel a magnetic flux of the per mﬂmﬂﬁmlﬂf“ A
devi ce, disclosed, for exanple, 5 ir'BJabzlnese Pat ent

Publ i cati on No. 9-260136, can be used as such a magnetic trip device.
The t eachi ngs of such reference are incorporated herein by

reference. The novable core of the magnetic trip device, when

rel eased, abuts against the latch portion 3Ato

FIG. Il

REPLACED
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10- pivotally nove the latch portion 3A (in a clockw se direction in
Figs. 1, 4a and 4b), so that the main circuit is opened by the
tripping operation of the openi ng-cl osing trip nechanismportion 3. As
a result, the circuit is interrupted, thereby preventing a large 15
excess current fromflowing in the | oad. The main circuit
cases 2, the opening-closing mechawi $rh portion 3, the trip device 5,

t he current transforner, the overcurrent detection circuit and the
magnetic trip device are contained in a casing 6 having 20 a case 61 and
a cover 62. A handgrip portion of the operating handl e 41 connected
to the openi ng-cl osi ng trip mechani smportion 3 and the power-side
term nal s 11A and the |l oad-side termnals 17A are exposed to the
exterior of the casing 6. 25 In this enbodi nent, since the

novabl e contacts
FIG. 13

This Sheet Has Been Replaced
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and the stationary contacts of the main circuit are

main circuit case 2 made of an

wi t hst andi ng hi gh-

contained in-the

I nsul ating material capabl e of

tenperature and hi gh-pressure arc gas,
the required m ni mumdurability. Therefore,
t hernosetting resin such as nylon caid ®g 1 1
accessory covers,
are provided at a surface si de

In this enbodi nent,

handle 41 is

FIG. 14

provi ded),

t he casing 6 need

whi ch

- 24 - :
only to have

an.i nexpensive

used for this casing. 5

can be opened and cl osed,
of the casing 6 (at which the operating

on both sides of the operating handle 41. By
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openi ng these accessory covers, various interior 10 accessories (i.e., in
addition to the opening-cl osing mechani sm 3 accessory) can be

i nstall ed, or can be exchanged for nmintenance purposes. In this
enbodi nent even when t hese accessory covers are exceptionally

opened in a hot-line condition, the éged portions of 15 the main
circuit are not exposed therein, and mai nt enance operation for the
i nterior accessories can be perforned in a safe manner.

As described above, in this enbodi nent, no - charged portion of the main
circuit. is exposed in the 20 accessory installation area even when the
accessory cover i s opened exceptionally. However, in order to

keep -the interior accessory in good and reliable condi- tion, it is
not desirable that unauthorised persons open the cover at any tine. In
thi s enbodi nent, accessory

FIG. IS

- ( \(F—)
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25 “covers 70 are disposed on the surface of the cover 62. These
accessory covers 70 are slidably supported by mut ual | y engaqi ng
recessed grooves 64 (Fig. 9) on both sides thereof with @-cphopeelt gHEET
portion 66 formed on the : ffig =

cover 62. Since the accessory covers 70 are opened or *Ib§edn e

| ndependently of the cover 62, i nstal | at ToA and mai nt enante of AFRIB
interior accessories 80 can be achi eved just by openi ng ~ACTES.S O

covers 70, i.e., 5 with the min CEREUBR BREAKER ng cl osed.
covers 70 are capable of opening by sliding themtowards
power - source side and are capable of being |ocked in a

he accessory ...

10

15

20

25

Background of the Invention
1. Technical Field of the Invention

This invention relates to a circuit breaker
capable of breaking a circuit when an excess current or
a short-circuit current flows in a load side, and more
particularly to a qircuit breaker in which mechanical
portions'within a casing are electrically insulated from
a main circuit to prevent a high voltage from being
induced to the mechanical portions.
2. Description of Prior Art

A circuit breaker is a switching gear for
automatically breaking a circuit when a short-circuit
accident occurs in such a portion as a power
transmission-distribution line, a bus bar and equipment
in a transformer station, etc. It also breaks the
circuit when an excess current flows in a load side. 1In
addition, it is not only used in breaking the circuit;
1lbut also used for opening and closing the circuit in a
normal condition. In order to protect the circuit,
reliable breaking for short-circuit current and excess
current is required.

In a conventional cifcﬁit breaker as disclosed
in Figs. 16, 20 and 60 of Japanese Patent Unexamined
Publication No. 61-151945 (Japanese Patent Examined

Publication No. 7-27750), a switching mechanism,



cl osed position in order to prevent the interior acces- sory from

. being accessed and handl ed by an uncertified 10 worker. l#%en~au inLerlqg
accessory 80 is installed in the casing 6 of the circliBibdEakiEN} ikl

| east one of the accessory covers 70 is opened as shoyn gn—Frg—T0 ]
Fig. 10, both of the accessory covers 703arg opened to - ; in S%%lhg% : q
I nterior accessories 80. However, in case 15 of installinrg |nter|or

accessory 80, only one of the Siﬁiiﬁiiﬂﬁéﬁgﬁﬁgrs 70 need be-opened.).
Under the acces- sory covers = : n portionsf or areas 85 for

acconodating the interior accessory 80 are forned in the ctasing 6.
Af ter |nstaII|n@¢ﬁﬁ§%Cnter|or accessories 80, t he accessory covers 70

are closed as shown in Fi nd | ocked reifectlygly by such lock

mechani sns as shown %%ﬁu@ g?r %va a sale conshrugtion

lock mechani sm g %g%lno ef%ctrlcéily charged portions are exposed in an
accessory installation area or anywhere outside a main
circuit case even if a cover of the circuit breaker is
opened in a live condition. In order to achieve above
object, the circuit breaker of this invention includes
the main circuit case made of an insulating material,
and an opening-closing trip mechanism diSposed outside
of the main circuit case and electrically insulated from
the main circuit. According to this invention, a
circuit breaker capable of eliminating the risk of an-
electric shock, thereby providing the excellent safety

can be obtained.

Figure 7



Fig.
accessory cover

70.

in the accessory cover 70

A | ock
- 26 -

10, a notched hole 72 of a sem -oval
As shown in Fig. 10,

shape |

s 25

forned in the

a t hrough-hol

and screw hole 63 is forned

screw 74 is located in a generally centra
t he notched hole 72, and |slyhreaded into the s

63 via the through-hole 63A to f|x t he accessory cover

62,

forned in a |l ower

screw 74.

FIG. |

portion

41

o
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opposite grooves 64 of the cover 62 that the through- hol e 64A extends

‘horizontally in a direction perpendi- = cular to the dir

ISR Ta Y A
sliding of the accessory cover 10 70. The |ock screw 74 é“fgﬁhéﬂEfE>SHEET
bring the through- hole 74A into alignment with the thfo

in a direction substantially perpq@@ cular to the dirept

sliding of the accessory cover 70. Then—a wire 76 S
the notched hole 72, and is passed 15 through the aligned
66A, 64A and 74A. Opposite ends of the wire 76 are sea

igh hol e 64A
od 2 APR 4398

n

roduced into

t hr ough- hol es
ed by a laock

band 78. Thus, the accessory cover 70 is | ocked.

As for

the I ock mechanismshown in Fig. 11 and Fig. 12, the accessory cover
70 is fixed to the cover 62 20 by a lock screw 74, and handling of the
| ock screw 74 is di sabl ed when the circuit breaker is in ONstate.
when

Fi g. 11 shows ON-state of the circuit breaker (that is,

FIG. 2
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an operating handle is held in a forwardly-pulled posi - ion in the
_1llustrated enbodi ment). This |ock nmechanism 25 conpri COVET,

45 di sposed on both sides of the handl e 41 which noveé %ﬂ%ﬂﬁ%iﬁ%ngﬁﬁég

novenent of the handle 41. In an ON-state, the cover NOETS 45 covgr

the lock screws 74, which prevents the a&gessory covers 22 A% D-mgg

- 27 - 70 from bei ng opened. Wen t circuit breakqgr fis in

OFF-state (that is, the operating handle is held in a

rearwardly-tilted position in the illustrated enbodijnent) _as shown in

Fig. 12, the cover nenbers 45 5 are located off of the
respectively, and

| ock screws 74,




therefore the | ock screws 74 appear, which enables the

b P LACRRENE S

.70 to. be opened by renoving the | ock screw 74. Siml|

menbers 45 are | ocated off the lock screws 74, enabl ind§ the accessor
cover 70 10 to be opened in a TRIP condition of the cir u%tﬁﬁ@aﬁﬁﬁﬁﬁ%ﬁ ,
Wi |l e the above enbodi nent is described w%;h referengefto a three-pole
circuit breaker, the present inventiBn is not limited thereto, but
arrangenent s of the present invention can be applied}to a circuif 15
breaker having a single pole, 2 poles, 4 poles, or nore than 4 poles.
In this enbodi ment, although the main circuit I's constituted by -the
power - si de stationary contact carrier 11, |load-side stationary contact

carrier 17 and 20 novable contact carrier 14, there nay be used an
arrangenment in which a main circuit, constitsa

FIG. S



power -si de stationary contact carrier as used in the conventi onal

- installation areas are totally isolated and/or insul at fromthe main |
circuit.

REPLACEMENT SHEET

.construction and a novabl e contact carrier connecte MLQW%Q%Wﬁgﬁﬂ"ggf
such alternative arrangenment 25 can be contained in a R g L
made of an i nsul ating material, and an arrangenent f he present

I nvention can be used wherein the opening-closing trip i "B GhdtHis #aGa
portion, the trip device and accessory -S- 28




1.- A circuit breaker conprising: a main circuit iACENAI NG 8T o ,
power - si de stationary conductor representing a pomer-sideE ‘étgﬁ;éW?ﬂéSdEEF?

| oad-si de stationary conductor representing a |oad side tq, fnal and a -
movabl e conductor electrically connecting and di sconnectilhgj s@id #F2 =Y {l
power - si de stationary conductor and saig | oad-side statigpaty conductor: i !
a circuit breaker case, said circuit bréaker case including an accessory %
chanber for containing therein at |east one of a breaker 'Lripping i
mechani sm and breaker accessories; and a main circuit case

di sposed within said circuit breaker case, and at |east partially

encl osing and electrically isolating said main circuit for conpletely
isolating said main circuit fromexposure within said accessory chanber

O

FIG. 8




2. Acircuit breaker conprising: a main circuit including a
.power-si de stationary conductor representing a power-side termnpal. a

| oad-si de stationary conductor representing a | oad side te nﬁéﬁﬂﬁggmqu SHEET
novabl e conductor electrically connecting and di sconnecti g Sal .

power - si de stationary conductor and said | oad-side stationpary cong qton. ‘
a circuit breaker case, said circuit breaker case includin n &dc §* -éﬂ ;
chanber for containing therein at |east one of a breaker tirilpping t
mechani sm and breaker accessories; and

30 a main circuit case disposed within said circu
and at least partially enclosing and electrically isolating said main
circuit so that said main circuit is nowhere

Q)

'S-€;

FIG. 9




exposed in said accessory chanber. 3. Acircuit breaker
conpri si ng: a main circuit including a power-side stationary
conductor representing a power-side termnal, a |oad-side stationary

conductor representing a |load side termnal and a novable ¢

el ectrically connecting and di sconnecting said power-side si
conductor and said | oad-side stationaryconductor;

openi ng-cl osing trip nmechani sm nmechanically connected to sa
conduct or; a main circuit case containing said main
totally prevent exposure of said main circuit to said open

mechani sm and exposure of said main circuit wthin an acce

~

REHALRUENT SHEET

d | mv2bARR 1998
ciircuit to
ng-closing trip
sary. chanber

said main circuit case being made of an insulating material;

a

tripping device for causing said openthlﬁGﬁsinﬁHérip mechani smto break
cilr

el ectrical conduction along said nai bt
circuit exceeds a threshold value; and a circuit br
i ncludi ng said accessary chanber for containing therein at

70

n acurrent in said main

eaker case

— 62




| east one of said opening-closing trip nmechani smand breaker accessories;
wherein said main circuit case is at |least partially contained within said

circuit breaker case.

31 4. A circuit breaker conprising: a
I ncluding a power-side stationary condu&;or representing
termnal, a |oad-side stationary conduCtfor representing a
term nal and a novable conductor electrically connecting
sai d power-side stationary conductor and said | oad-side
conduct or; an opening-closing trip nmechani sm nec

i EPLACEMENT SHEET
A power=sTde

| pag 5ipxk

ahd “di sconnect i
5t at'1 onary

hani cal |y

connected to said novabl e conductor; amincircurt case

containing said nmain circuit therein and made of an insu

FIG. I3

ating




materi al ; a tripping device for causing said opening-closing trip

~mechanismto break el ectrical

current in said nmain circuit exceeds a threshold value; ang

conduction along said main circuit when a

circuit breaker case including an accessary chanber for conft &ERLAGEMENT SHEET

at | east one of said opening-closing }gip mechani sm and brga
accessori es; wherein said main rc

within said circuit breaker case, and said main circuit case
prevents electrical exposure of said main circuit to interpharrareas of

NCTT
uit case is tot |Vt232#§§?%$8

said circuit breaker case which are outside said main circut case.

5. Acircuit breaker according to claiml, wherein said breakKér tri1pping
mechani sm includes a connecting |lever for transmtting a novenent of said
breaker tripping nechanism wherein said breaker tripping mechanismis

di sposed outside of said main

circuit case, and said connecting |ever is

made of electrical insulating nmaterial.

1

FIG. 14




32 6. Acircuit breaker according to claim3, wherein said
tripping device is activated by a nmagnetic flux transmtted through an
insulating nmaterial. 7. Acircuit breaker according to claim 3,

wherein said tripping device is attached to said main circyig,
to be electrically isolated fromsaid maip, circuit. é&%§R£W@ﬂF§%ﬁET

br eaker conpri sing: a main circuftlincluding a powgr{si de
stationary conductor representing a power-side termnal, ajl oad 3i48R 1333
stationary conductor representing a |oad side termnal, andjalnpvable
conductor electrically connecting said power-side stationary conductor and

said | oad-side stationary conductor together on an ON operatiaqn; _
an opening-closing trip mechani sm di sposed outside of said main circuit
case and

FIG. I5
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mechani cal Iy connected to said novabl e conductor; a~min circuit
case containing said main circuit; and atrip deV|cpﬂEpLAggu§MngHFFT
sai d openi-ng-closing trip mechani smto break said main cirfupt—when.a

current in said main circuit exceeds hreshol d val ue; and U@
ci-rcuit breaker case containing said n circuit case thergip; 22 JUN 2m
wherein said nain circuit case is made of an insulating nater4¥~4yuL44L

adapted to totally prevent exposure of said nmain circuit tjo i nternal areas
of said circuit breaker case which are outside said main Crreti-t—ease —and. ..

“said opening-closing trip nmechanismis connected to said novabl e conductor

through an insulating materi al.
- 33 9. Acircuit breaker conprising: a main circuit

. i ncluding a pﬂ"‘ﬁrc’i%uﬂeorﬁék%} Lgrﬂ%é{nggonduct or representing a power-side

a main circuit including a power-side stationary conductor representing a power-side

terminal, a load-side stationary conductor representing a load side terminal and a movable
conductor electrically connecting and disconnecting said power-side stationary conductor
and said load-side stationary conductor;

a circuit breaker case, said circuit breaker case including an accessory chamber for.
containing therein at least one of a breaker tripping mechanism and breaker accessories;
and

a main circuit case disposed within said circuit breaker case, and at least partially
enclosing and electrically isolating said main circuit for completely isolating said main

circuit from exposure within said accessory chamber.

2. A circuit breaker comprising:

a main circuit including a power-side stationary conductor representing a power-side
terminal, a load-side stationary condictor representing a load side terminal and a movable
conductor electrically connecting and disconnecting said power-side stationary conductor
and said load-side stationary conductor;

a circuit breaker case, said circuit breaker case including an accessory chamber for

containing therein at least one of a breaker tripping mechanism and breaker accessories;

and

A



termnal, a load-side stationary conductor representing a {l BRBLAGEMENT SHEET
term nal, and a novable conductor electrically connectind sp@i =sTthg
stationary conductor and said | oad-side stationary condugtadr igggulg\p?m?,n
an ON operation; an openi ng-o_l’(j)si ng mechani sm nmeghani cal | y '
connected to said novabl e conductor; a main circygit case
containing said main circuit; a circuit breaker dase containing

said main circuiit case therein;  and ., . . .a frip device. Tor caysing said
_openi ng- cl os?%%@ﬁ‘ﬁﬁ?%%dﬂswﬁfle‘&‘%‘%é@é Cﬁﬁ?‘ﬁbﬁai‘?ﬁﬁpafe’ 20fl @hlegStpath rfv in
said main circuit exceeds a threshold val ue; wherein said main
ci rcui t esdssing sndreldetriodllyaisolatingibad main eirqutrSosthatasaid meinairapit ésinowhereot al | y
“prevent exposure of said main circuit to internal areas of said circuit
br eaker egas36d inHi@ BeREPruhiamtte, said main circuit case, and said
openi ng- cl osi ng nmechani smis di sposed outside of said main circuit case
and is electrically insulated fromsaid nain circuit, and said trip device
i ncludes a transm ssion nechanismfor transmtting an operation of said
trip device to said opening-closing mechanism and said transm ssion
nmechani sm i s3diA giswg breakersGOMPrisinesai d main circuit case and is
electrically insulated fromsaid main circuit.

a main circuit including a power-side stationary conductor representing a power-side

terminal, a load-side stationary conductor répresenting a load side terminal and a movable
conductor electrically connecting and disconnecting said power-side stationary conductor
and said load-side stationary conductor;

an opening-closing trip mechanism mechanically connected to said movable
conductor;

a main circuit case containing said main circuit to totally prevent exposure of said
main circuit to said opening-closing trip mechanism and exposure of said main circu.it
within an accessary chamber, said main circuit case being made of an insulating material;

a tripping device for causing said opening closing trip mechanism to break electrical
conduction along said main circuit when a current in said main circuit exceeds a threshold
value; and

a circuit breaker case including said accessary chamber for containing therein at
least one of said opening-closing trip mechanism and breaker accessories;

wherein said main circuit case is at least partially contained within said circuit

breaker case.

* [+ L M H *
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10. A circuit breaker conprising: a main circuit ifn
power.-side stationary conductor representing a power-side géﬂd@lﬁﬁaSHEET
minal , and a

1 oad-si de stationary conductor representing a |oadside ter

nmovabl e conductor electrically connecting said power-sidd sta2Roddily 200
conductor and said | oad-side station 1y conduct or togethgr jon_an ON
oper ati on; 34

an openi ng-cl osi ng mechani sm mechani cal ly connected to saild_npvabl e

()]

conductor; 4. A circuifbfeakét coinpeiging: case containing said main circuit;
“a circuit breaker case containing said main circuit case therein; and

a trip devicg raa%cﬁa&sﬂﬁaﬂmﬁy?&p&%ayﬂﬁiﬁwwﬁaer @géezg@i@rg g&»ar-ﬁ sai d

- main circurt en a curré n sard nmain curt e threshold
\r/rglt grel afermingl; glgagﬁegg}at{soggg cr{)?xld\?ctgrl gegr%ls.énﬁ%gszﬁoéc? sigg?e?m?gﬂ %gd Ia~r}rsxcl>J\|/a iel ng
conductor electrically connecting and disconnecting said power-side stationary conductor

and said load-side stationary conductor;

an opening-closing trip mechanism mechanically connected to said movable
conductor;

a main circuit case containing said main circuit therein and made of an insulating
material;

a tripping device for causing said opening—clbsing trip mechanism to break electrical
conduction along said main circuit when a current in said main circuit exceeds a threshold
valﬁe; and

a circuit breaker case including an accessary chamber for containing therein at least
one of said opening-closing trip mechanism and breaker accessories;

wherein said main circuit case is tota]ly' contained within said circuit breaker case,
and said main circuit case totally prevents electrical exposure of said main circuit to

internal areas of said circuit breaker case which are outside said main circuit case.

5. A circuit breaker according to claim 1, wherein said breaker tripping mechanism
includes a connecting lever for transmitting a movement of said breaker tripping
mechanism, wherein said breaker tripping mechanism is disposed outside of said main

circuit case, and said connecting lever is made of electrical insulating material.

O



totally prevent exposure of said main circuit to interng—areas—of b%'
eircuit breaker case which are outside said main circti REERAGEMENd gg?ﬁ
'openi ng-closing trip-.-mechanismis di sposed outsi de of |sape-marTmTCITCUIit
case, and is connected to said nnvablg onduct or t hr ough agé Nl agand
material; and said trip device includ a fixed core whifchyi S "di sposed
I nside of said main circuit case, and is located in the yicrnfTy of one of
sai d power-side stationary conductor and said | oad-side stationary
~conductor, afd A ciroviableakeraceordingab cladm 3, ditepas sald eripping devite s@acdivatedn
circuit case, and is so arranged that a magnetic circuit is f or med
bet ween i ' - ' | a transm ssi on nmechani sm
- for t lr) %Srﬂ?%ﬁﬁi%glgggﬁ%grg?ﬂg? iﬂgﬁh%} %gﬁg]aﬁiﬁ;%gﬁezﬁgor e to said
openi ng-closing trip mechani sm 11. A circuit breaker
conpri si ng: a casing; a main circuit including a
power - si de stationary conductor representing a power-side termnal, a
| oad- si de st &t idsieyit breakeraceerdingdo siramt 3, rhezein said $iipping device iy attaghed
novabl e conductor electrically connecting and di sconnecting said
pover - sioigaid inair EiRAiYcag® Bela-fotie eledtcaalyiisblated froni sied Rfad tigflag.y conduct or;

8. A circuit breaker comprising:

a main circuit including a power-side stationary conductor representing a power-side
terminal, a load-side stationary conductor representing a load side terminal, and a movable

- conductor electrically connecting said power-side stationary conductor and said load-side

stationary conductor together on an ON operation;

an opening-closing trip mechanism disposed outside of said main circuit case and
mecﬁanically connected to said movable conductbr;

a main circuit case conmining said main circuit; and

a trip device for causing said opening-closing trip mechanism to break said main
circuit when a current in said main circuit exceeds a threshold value; and

a circuit breake; case containing said ‘main circuit case therein;

wherein said main circuit case is made of an insulating material and is adapted to
totally prevent exposure of said main circuit to internal areas of said circuit breaker case
which are outside said main circuit case, and said opening-closing trip mechanism is

connected to said movable conductor through an insulating material.

A



an openi ng-cl osi ng nmechani sm nechani cal ly connected t dm@@i eure
Conduct or 1 REMDCEMRR' SHeeT
‘a main circuit case contained in said casing and contdinfing sald nain
circuit and nmade of an insulating rra?gri al and is adgpt edZQoJU@t 200ty |
prevent exposure of said main <circuit™to internal aréas| of said casing

which are outside said main circuit case; a trip device for
causi ng sai d openi ng-cl osi ng nmechanismto break said main_circuit _.whenlia
Ccurrent in shi d GEGU tieakericPMBNEREds a threshol d val ue; an

installation portion disposed in said casing for installing an interior
accessory; a@ndin circuit includingaquess-sidg stativsarydiosthasadepresentimgrd poeerefidesai d
- casing for covering said installation portion; wherein said
openi NGehidsl HYosR S1aR MaBiBhary skiveRIr Refredentihg aG8REsideRIMAAI, hnlid Rovable
conductor electrically connecting said power-side stationary conductor and said load-side
stationary conductor together on an ON operation;
an opening-closing mechanism mechanically connected to said movable conductor;
a main circuit case containing said main circuit;
a circuit. breaker case containing said main circuit case therein; and
a trip device for causing said opening-closing mechanism to break said main circuit
when a current in said main circuit exceeds a threshold value;
wherein said main circuit case is made of an insulating material and is adapted to
totally ﬁrevent exposure qf said main circuit to internal areas of said circuit breaker case
which are outside said main circuit case, and said opening-closing mechanism is disposed
outside of said main circuit case and is electrically insulated from said main circuit, and
said trip device includes a transmission mechanism for transmitting an operation of said trip

device to said opening-closing mechanism, and said transmission mechanism is disposed

outside of said main circuit case and is electrically insulated from said main circuit.

10. A circuit breaker comprising:

a main circuit including a power-side stationary conductor representing a power-side
terminal, a load-side stationary conductor reﬁresenting a loadside terminal, and a movable
conductor electrically connecting said power-side stationary conductor and said load-side

stationary conductor together on an ON operation;

L



BED ACoare 1
device are disposed in said casing, and said opening-cl osing m=ct%‘£ vgnﬂ”l'r'f

said trip device are electrically insulated fromsaid main gifcuit. _
12. A.circuit breaker according to claim®6, further conprisihg a?lbdmﬂ@gm

device for |ocking said accessory covsr in a closed positiop.
13. Acircuit breaker according to cla #1

12, wherein said | ocking device is

effected when the circuit breaker is in an ON position. 14 g\
stationary. cdndRECHE I SyRInesterivy meclalEn fonabtled 1 e SRR O
stationary conductor representing a |oad-side term nal and a novable
a main circuit case containing said main circuit;
a circuit breaker case containing said main circuit case therein; and
a trip device for causing said o.pening—closing trip mechanism to break said main
circuit when' a current in said main circuit exceeds a threshold value;
wherein said main circuit case is made of an insulating material and is adapted to
totally prevent exposure of said main circuit to internal areas of said circuit breaker case
which are outside said main circuit case, and said opening-closing trip mechanism is
disposed outside of said main circuit case, and is connected to said movable conductor
through an insulating material; and said trip device includes a fixed core which is disposed
inside of said main circuit case, and is located in the vicinity of one of said power-side
stationary conductor and said load-side stationary conductor, and a movable core which is
disposed outside of said main circuit case, and is so arranged that a magnetic circuit is

formed between said moving core and said fixed core, and a transmission mechanism for

transmitting an operation of said movable core to said opening-closing trip mechanism.

11. A circuit breaker comprising:

a casing;

a main circuit including a power-side stationary conductor representing a power-side
terminal, a load-side stationary conductor representing a loadside terminal and a m.ovab]e
conductor electrically connecting and disconnecting said power-side stationary conductor
and said load-side statioﬁary conductor;

an opening-closing mechanism mechanically connected to said movable conductor;

Ll



36 conductor electrically connecting and di sconnecting da E t deEET
stationary conductor and said | oad-side stationary condu tB ?BWEM ga__E_
‘ci rcui-t breaker case, said circuit breaker case including lan accesmé
chanber for containing at |east one %.1;? a breaker tripping necBahi e
br eaker accessories; and a mai*Im circuit case ‘contaj ngd. within
circuit breaker case, said main circuit case totally isolhting and

preventing el ectrical exposure of said pain circuit.to interpal areas—of
. sai d circuit appaneEeuit sase captriord i eid AsHIERIAONEINIAS SHd AR CHGYY 2Bdse.

made of an insulating material and is adapted to totally prevent exposure of said main
circuit to internal areas of said casing which are outside said main circuit case;

a trip device for causing said opening-closing mechanism to break said main circuit
when a current in said main circuit exceeds a threshold value;

an installation portion disposed in said casing for installing an interior accessory;
and

an accessory cover disposed on a surface of said casing for covering said installation
portion;

wherein said opening-closing mechanism, said main circuit case, and said trip
device are disposed in said casing, and said opening-closing mechanism and .said trip device

are.electrically insulated from said main circuit.

12. A circuit breaker according to claim 6, further comprising a locking device for

locking said accessory cover in a closed position.

13. A circuit breaker according to claim 12, wherein said locking device is effected

when the circuit breaker is in an ON position.

14. A circuit breaker comprising:
a main circuit including a power-side stationary conductor representing a power-side

terminal, a load-side stationary conductor 'representing a load-side terminal and a movable

G
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conductor electrically connecting and disconnecting said power-side‘stationary conductor
and said load-side stationary conductor;

a circuit breaker case, said circuit breaker case including an accessory chamber for
containing at least one of a breéker tripping mechanism and breaker accessories; and

a main circuit case contained within said circuit breaker case, said main circuit case

totally isolating and preventing electrical exposure of said main circuit to internal areas of

said circuit breaker case which are outside of said main circuit case.
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