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Field of the Invention

The present invention concerns a circuit breaker

and, more in particular, it relates to a circuit breaker
suitable to preventing genération of arcs, simplifying a
structure and remarkably decreasing the number of parts.
Description of the Related Art

A typical existent circuit breaker comprises.a
pair 6f fixed contact-movable contact, an arc
extinguishing device, an opening/closing mechanism for
rotating the movable contact, a manually opérated handle
and the like, in which a tripping mechanism is actuated
if a current exceeding a rated value should flows in an
electric path and the opening/closing mechanism operates
such that the movable contact is épart from the fixed
contact to cut off the electric current. For the
connection between the end of the movable contact and
the electric path, a bendable flexible conductor formed
by braiding metal wires into a mesh-like arrangement is
.used so that rotation gives no effect on the electric
connection. A toggle link is used for the

opening/closing mechanism to transmit the movement of



ext i ngui shi ng device, an opening/closing nechanismfor rotating the
novabl e contact, a manual |y operated handle and the like, in which a

tripping mechanismis actuated

flows in an

electric path and the opeﬁiﬁbfblosing'nechanisn1operates

if a current exceeding a rated val ue shoul d

such

that the novable contact is apart fromthe fixed contact to cut off the
el ectric current. For the connection between the end of the novable
the electric path, a bendable flexible conductor forned by

braiding netal wires into a nesh-like arrangenent is used so that rotation
gives no effect on the electric connection. Atoggle link is used for the

contact and

-2-

openi ng/ cl osi tige necippisg mecharwismi or t tize et towfthe movable

contact.
Further in a current limiting structure

utilizing electromagnetic repulsive force, contacts are

' dispoeed on both ends of a movable contact pivoted at a

center and two fixed contacts are opposed to the
contacts respectively. Then, if a large current should
flow in the electric path of both of the contacts which
are normally in contact, the movable contact rotates by
the electromagnetic repulsive force exerting between the
contacts to open from the fixed centacts. The | |
constitution has such a structure that the movable
contacf effects rotational operation only by the
electromagnetic repulsive force.

In the prior art described above, since the
flexible conductor is used for wiring between the
movable contact and the electric path, a number of steps
for the fabrication of connection portions for the mesh-
like metal wires is required to increase the cost, and
the flexible'conductor involves a drawback that the life
for bending cycles isjrelatively short and the cross
sectional area is deereased due to the mesh-like shape
to increase the density of current passipg therethrough
thereby tending to cause heat generation. Further,

since the toggle link is used for the opening/closing



the tripping nmechanismor the handle to the novable contact.

Further in a current limting structure wutilizing electromagnetic

repul sive force, contacts are disposed on both ends of a novable contact
pivoted at a center and two fixed contai s~ are opposed to the contacts
respectively. Then, if a large current should flowin the electric path of
both of the contacts which are normally in contact, the novabl e contact
rotates by the electromagnetic repul sive force exerting between the
contacts to open fromthe fixed contacts. The <constitution has such a
structure that the novable contact effects rotational operation only by

the electronpggRhhEsh§Pthét¥eidoscproblem that |thé hetpideurerisdescri bed
above, since the : _
complicate and the number of parts is increased.

In the case of using the arc extinguishing
device as a countermeasure for arcs upen~breaking, the
number of parts is increased, the size of products is
enlarged and, further, since it takes much time for
attracting to transfer generated arcs to arc
extinguishing grips, there is a limit for the current
limiting performance.

in the current limiting structure using the
electromagnetic tepulsive force, since the conductor of
the movable contact passes through the roﬁational center
of the contact, it involves a problem that an insulation
distance along the rotational driving axis of the
movable contact can not be ensured easily, and an

electric insulation distance between phases is reduced

in a polyphase circuit breaker.

SUMMARY OF THE INVENTION

An object of the present invention is to provide
a circuit beaker capable of improving the breaking
'perf0rmance by suppression for the generation of arcs,
simplifying the structure and remarkably reducing the

number of parts.



fl exi bl e conductor is used for wiring between the novable contact and the
electric path, a nunber of steps for the fabrication of connection
portions for the mesh- Ilike netal wires is required to increase the cost,
and the flexible conductor involves a-drdawback that the life for bending
cycles is relatively short and the cross sectional area is decreased due
to the nmesh-1i ke shape to increase the density of current passing

t heret hrough thereby tending to cause heat generation. Further, since the
toggle link is used for the opening/closing

- 3- mechani sm there is a problemthat the structure is

The present invention, for attaining the
foregoing object, comprises a power source side first
fixed conductor, a load side'second fixed conductor, an
intermediate fixed conductor interposed between the
fixed conductors, and a first movable conductor and a
second movable conductor disposed, respectively, between
each of the power source side and the load side fixed
conductors and the intermediate fixed conductor, in
which a serial eiectric path is constituted with each of
the conductors.

A preferred embodiment may comprise an
opening/closing mechanism for opening/closing the first
and the second movable conductor, respectively, between
the power source side first fixed conductor and the
intermediate_fixed conductor, and between the
intermediate fixed conductor and the load side second
fixed conductor substantially simultaneously and,
further, may comprise one or more of the intermediate
fixed conductors.

Further, the circuit breaker according to the
present invention comprises a movable conductor rotating
aroﬁnd a rotational axis, a first fixed conductor

. opposed to one end of the.movablelconductor, a second
fixed conductor opposed to the other end of the movable

conductor, a contact portion disposed so as to



conplicate and the nunber of parts is increased. In the case of
using the arc extinguishing device as a counterneasure for arcs upon
breaking, the number of parts is increased, the size of products is
enlarged and, further, since it takes fuchtine for attracting to transfer
generated arcs to arc extinguishing grips, thereis a:-limt for the
current limting performance. In the current limting structure
using the electronmagnetic repulsive force, since the conductor of the
novabl e contact passes through the rotational center of the contact, it
i nvol ves a problemthat an insulation distance along the rotational
driving axi s eteeheicablybrennect dthe chivsbtfixedmonduttansi Ighe and an
electric insulation distance between phases is reduced in a polyphase
circuit break@pvable conductor and the second fixed conductor in

series, and an opening/closing means for rotating the

movable conductor so-as to open the contact portion

simultaneously, in which the movable conductor is

disposed at a poSition spaced apart from the axial

center or at a position spaced apart from the rotational

center of the opening/closing means.

Further, for attaining the foregoing object, a
circuit breaker according to the present invention
comprises a holding member for holding the movable
contact, an operation handle rotatably disposed in
coaxial with the rotational axis of the holding member
for effecting opening/closing operation for the first
movable contact and the second movable contact, a
tripping means that operates based on the output of the
overcurrent detection means, an energizing means for
energizing the holding member in a tripping direction
and an engaging means for engaging the holding member to
the operation handle, in which the holding member
operates in a tripping direction independently of the
operation of the operation handle by the energizing

means when the tripping means releases the engagement of

the engaging means.



SUMVARY OF THE | NVENTI ON An object of the present inventionis to
provide a circuit beaker capable of inproving the breaking perfornmance by
suppression for the generation of arcs, sinplifying the structure and
remar kably reducing the nunber of parts.6 =

-4- - The present invention, for attaining the foregoing

obj ect, conprises a power source side first fixed conductor, a | oad side
second fixed conductor, an intermnediate fixed conductor interposed between
the fixed conductors, and a first novabl e conductor and a

Since the movable conductors are disposed
between the first fixed conductor and the intermediate
fixed conductor and between the intermediate fixed
conductor and the second fixed conductor, respectively,
so as to open/close the fixed conductor and the
intermediate fixed conductor, and the intermediate fixed
conductor and the second fixed conductor, the
opening/closing mechanism can be constituted only with
rigid conductor, so that flexible conductors required
for electrical connection for existent movable

- conductors are no more required. Since the
opening/closing mechanism opens the movable conductors
relative to the first fixed conductor and the
intermediate fixed conductor, and to the intermediate
fixed conductor and the second fixed conductor
substantially simultaneously, the opening distance for
each of the contacts cen be decreased.

Further, since a plurality of contacts connected
in series are opened simultaneously, the total epening
speed between fhe contects_can be increased to improve
the current limiting effect thereby suppressing the
generation of arcs at each of the contacts. Since the
opening/closing mechanism is adapted to open/close by
the rotational movement or the linear movement of the

movable conductor or to open/close by the couple of



second novabl e conductor di sposed, respectively, between each of the power
source side and the |oad side fixed conductors and the internmediate fixed
conductor, in which a serial electric path is constituted with each of

t he conductors. A preferred enbodi ment may conprise an
openi ng/ cl osi ng mechani sm for opening/closing the first and the second
movabl e conductor, respectively, between the power source side first fixed
conductor and the internediate fixed conductor, and between the

i ntermediate fixed conductor and the | oad side second fixed conductor
substantially sinmultaneously and, further, may conprise one or nore of the

i nternedi ate florees %@&Q%@t@hﬁthe movableF@bhHthoEDenélEégglebigﬁker
according to the present invention conprises a novabl e conductor rotating
around a r ot atiisom@ce®msiary ,a therebyl enathldagdtot eeduce the number of

parts and simplify the structure.

Further, since the movable conductor is disposed
so as to rotate around the rotational axis and situated
at a position spaced apart from the axial center or at a
position spaced apart from the rotational center of the
opening/closing means, an insulation distance betwéen
the poles can be maintained.

The operation handle is rotatably disposed in
coaxial with the rotational axis of the holding member
and, normally, engaged to the holding member by the
_engagiﬁg means. Thus, when the operation handle is
rotated, the holding member can be rotated
simultaneously thereby enabling to effect
opening/closing operation of the first mdvable confact
and the second movable contact. Further, while the
holding member is énergized by the energizing means in
the tripping direction, it is normally engaged by the
-engaging means to the operation handle, so that tripping
is nof conddcted. Upon overcurrent, the tripping means
operétes based on the output of the overcurrent
detection means to release the engagement of the
engaging means. Thus, the holding member is energized

by the engrgizing means to operate in the tripping



opposed to one-end of the novabl e conductor, a second fixed conductor
opposed to the other end of the novable conductor, a contact portion
di sposed so as to -5- electrically
connect the first fixed conductor, the —n®vable conductor and the second
fixed conductor in series, and an opening/closing nmeans for rotating the
nmovabl e conductor so as to open the contact portion simultaneously, in
whi ch the novabl e conductor is disposed at a position spaced apart from
the axial center or at a position spaced.apart fromthe rotational center
of the opening/closing neans. . ,

direction independently of the operation of the

operation handle. Therefore, even if the operation
handle is locked in an ON‘state, tripping can be
conducted reliably.

According to the present invention, it is
possible to obtain a circuit breaker capable of
improving the breaking performance by the suppression
for_the generation of arcs, simplifying the structure

and remarkably reducing the number of parts.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view.illustrating an
inner constitution of a circuit breaker as a first
embodiment according to the present invention.

Fig. 2 is a cross sectional view illustrating an
inner constitution of a circuit breaker as a first
embodiment according to the present invention.

Fig. 3 is a circuit diagram illustrating an
equivalent circuit upon short circuit of a circuit
breaker as a first embodiment according to the present
invention.

Fig. 4 is a characteristic curve'illustrating a
relationship between an arc voltage and time of a
circuit breaker as a first embodiment according to the

present invention.



Further, for attaining the foregoing object, a circuit breaker according
to the present invention conprises a holding nenber for holding the
novabl e contact, an operation handle rotatably disposed in coaxial wth
the rotational axis of the holding nentrer® for effecting opening/closing
operation for the first novable contact and the second novabl e contact, a
trippi ng nmeans that operates based on the output of the overcurrent
detection neans, an energi zing nmeans for energizing the holding nenber in
a tripping direction and an engagi ng neans for engagi ng the hol ding menber
to the operation handle, in which the holding nenber operates in a
tripping direction ingegengens! 5 ehatheteppetiti ooreé ilruspeseihgnahandl e

by the energizing means when the tripping means rel eases the engagenent of
t he engagi ng ceorent limiting effect of a circuit breaker as a first
embodiment according to the present invention.

Fig. 6 is a perspective view illustrating an
inner constitution of a circuit breaker as a second
embodiment according to thé present invention.

Fig. 7 is a cross sectional view illustrating an
inner constitution of a circuit breaker as a second

 embodiment according to the present-invention.

Fig. 8 is a perspective view illustrating an
appearance of a circuit breaker as a second embodiment
according to the present invention.

) Fig. 9 is a perspective view illustrating a
state of mounting a circuit breaker as a first
embodiment according to the present inQention to a
distribution board.

Fig. 10 is a perspective view illustrating an
inner constitution of a circuit breakér as a third
embodiment according to the present invention.

Fig. 11 is a perspective view illustrating a
contact constitution of a circuit breaker as a third
embodiment according to the present invention.

Fig. 12 is a pérspective view illustrating a
contact constitution of a circuit breaker as a third

embodiment according to the preéent invention.



- 6- Since the novabl e conductors are di sposed between the
first fixed conductor and the internediate fixed conductor and between the
intermediate fixed conductor and the second fixed conductor, respectively,
so as to open/close the fixed conductor &A8d=the intermediate fixed
conductor, and the internediate fixed conductor and the second fixed
.conductor, the opening/closing nmechanismcan be constituted only with
rigid conductor, so that flexible conductors. required for electrical
connection for existent novable conductors are no nore reqU|red Since the
openi ng/ cl osi ng nechanlsn1opens the novabl e conductors

Fig. 13 is a perspective view illustrating an

inner constitution of a circuit breaker as a fourth
embodiment according to the present invention,

Fig. 14 is a perspective view illustrating a
constitution for a rotary member of a circuit breaker as
a fifth embodiment according to the present invention.

Fig. 15 is a perspective view partially in cross
section illustrating an ON state of a circuit breaker in
a sixth embodiment according to the present invention.

Fig. 16 is a perspective view illustrating a
constitutioh-of a holding member and an operation handle
of a circuit breaker_in the sixth embodiment according
to the'present invention.

Fig. 17 is a perspective view partially in cross
section illustrating an OFF state of a circuit breaker
in the siith embodiment according to the present
invention.

Fig. 18 is a perspective view partially in cross
sectiop illustrating a TRIP state of a circuit breaker
in the sixth embodiment acéording to the present
invention.

Fig. 19 is a perspective view illustrating an
engaging state of an engaging means of a circuit breaker
in the sixth embodiment according to the present

invention.,



relative to the first fixed conductor and the internediate fixed
conductor, and to the internediate fixed conductor and the second fi xed
conductor substantially simnultaneously, the opening distance for each of
the contacts can be decreased. = Elrther, since a plurality of
contacts connected in series are opened sinultaneously, the total opening
- speed between the contacts can be increased to inprove the current
limting effect thereby suppressing the generation of arcs at each of the
contacts. Since the opening/closing nmechanismis adapted to open/cl ose by
the rotational novenent or the |inear novenent of the novable conductor or

to open/close by the pegpl 200is a perspective view illustrating a 7
disengaging state of an engaging means of a circuit
breaker in the sixth embodiment according to the present
invention.

'Fig. 21 is a perspective view illustrating an
engaging state of an engaging means of a circuit breaker
in the sixth embodiment according to the present
invention.

Fig. 22 is a perspective view illustrating a
disengaging state of an engaging means of a circuit

. breaker in the sixth_embediment accerding to the presen£
invention. -

-'Fig. 23 is a perspective view partially in cross
section illustrating an ON state of a circuit breaker in
a seventh embodiment according to the present invention.

Fig. 24 is a side elevational view illustrating
a state of a meehanical portion in an ON state of the
circuit breaker in the seventh embodiment aceording to
the present invention.

Fig. 25 is a perspective view pertially in cross
section illustrating en OFF state of the circuit breaker
in the seventh embodiment according to the present
invention.

Fig. 26 is a perspective view partially in cross

section illustrating a TRIP state of the circuit breaker



forces acting on the novabl e conductor, no toggle link 1is necessary,

t hereby enabling to reduce the nunber of parts and sinplify the structure.
Further, since the novable conductor is disposed so as to rotate around
the rotational axis and situated at a=-pd2i &+ on spaced apart fromthe axial
center or at a position spaced apart fromthe rotational center of the
openi ng/ cl osi ng neans, an.insulation distance between the poles can be

mai nt ai ned. ~The operation handle is rotatably disposed in  coaxia
with the rotational axis of the holding member and, nornally, engaged to

t he hol di ng nenber by the ' engagi ng neans. Thus, when the operation handle

Is rotated, 5?&%%' deRentRRgboadnele hBLBFEIngStBULhangpeskltt her eby
enabling to effect

invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Preferred embodiments of the present invention
will now be explained with reference to_Fig.'l to Fig.
26.

A first embodiment of the present invention will
be explained with reference to Fig. 1 to Fig. 5 and Fig.
9. | '
| Fig. 1 and Fig. 2 show the constitution of a
circuit breaker in this embodiment. 1In thié embodiment,
a rotafy member 4 as a holding member made of an
insulating material is rotatably journaled in a box by a
bearing 4c provided about at a central portion of the
box. The box comprises a casing 1, a mold cover 2 and
side plates 2a. Fig. 1 shows a state in which the side
plates 2a are detached. The bearing 4c is formed to the
inner surface of the mold cover 2 and the side plates
2a. In a method of assembling parts such as the rotary
member 4 into the casing 1 and covering them with the
mold cover 2 and the side plates 2a, the mold cover 2
and the side plates 2a may be integrated previously, or
in a method of assembling parts such as the rbtéry

member 4 from the side way and covering them with the



openi ng/ cl osi ng operation of the first novable contact and the second
novabl e contact. Further, while the holding member is energized by the
energizing means in the tripping direction, it is normally engaged by the
engagi ng neans to the operation handl e- 38 that tripping is not conducted.
Upon overcurrent, the tripping means operates based on the output of the
overcurrent detection nmeans to rel ease the engagenent of the engaging
means. Thus, the hol ding nmenber is energized by the energizing neans to
operate in t he tripping - 8-

di rection independently of the operation of the

side plates 2a, the casing 1 and the mold cover 2 may be
integrated previously.

A movable contact base 5a as a first movable
conductor and a movable contact base 5b as a second
movable conductor are fixedly supported by the rotary

" member 4.- The movable contact bases 5a and 5b are
mounted to the rotéry member 4 by seizing with
protrusions 4d, 4e formed to the rotary member 4, or by
fitting into grooves formed in the rotary member 4, in
which the.movable contact bases 5a and 5b are fixed to
the rotary member 4 by the resiliency of the protrusions
44, 4e of the rotary member 4lor by screw setting to the
rotary—member 4. In this embodiment, the pfotrusion 44

~ is disposed at the back of contacts 6 of the movable
contact bases 5a and 5b, while the protrusion 4e is
disposed on the same side as the contacts 6 for seizing
the movable contact bases 5a and 5b between them. The
protrusion 44 functions also as a backing member to

" prevent deformation of each of the movable contact bases
by the pressure of contact. Each of the movable contact
bases 5a and 5b has contacts 6 as movable contacts
‘attached on both ends by means of silver soldering,
caulking or the like. The rotary member 4 rotates
around a rotational center 4a as the center, and the

rotational center 4a is fqrﬂed integrally with the



operation handle. Therefore, even'if the operation handle is |ocked in an
ON state, tripping can be conducted reliably. According to the
present invention, it is possible to obtain a circuit breaker capabl e of
i nprovi ng the breaking performnce by Thé4sUppression for the generation
of arcs, sinplifying the structure -and remarkably reduci ng the nunber of

parts. BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a perspective
view illustrating an inner constitution of a circuit breaker as a first
enbodi ment according to the present invention.’ Fig. 2 is a cross
sectional view illustrating an inner constitution of a circuit breaker as
a first enboxbtaerny memberi gor ofdimedrwestnta ipirergassing through Rl 3 i s
a circuit diagramillustrating an

rotary member 4. An operatlon_handle 3 is mounted to
the rotary member 4 with a top end being protruded out
of the mold cover 2, and the rotary member 4 rotates
around the rotational center 4a as the center by ON, OFF
operation of the operaﬁion handle 3 (clockwise for OFF
and counterclockwise for ON in Fig. 1). 1In this
embodiment, since the constitution of terminals, the
operation handle and the outer profile are made
compatible with those of the existent circuit breaker,
there is no restricting condition in view of using the
circuit breaker and conveniency in use is not
deteriorated.

A fixed contact base 8 as a first fixed
conductor has a power source side terminal 8a disposed
at one end, and a contact 6 as a fixed contact attached
at the other end by means of silver soldering, caulking
or the like at a position opposing to the movable
contact of the movablé contact base 5a. An intermediate
fixed contact base 7 as an intermediate fixed conductor
is fixed below the rotary member 4 to the casing 1 and
has contaéts 6 as the fixed contacts attached on both
ends by means of silver soldering, caulking or the 1like
at the position opposing to the movable contacts of the

movable contact bases 5a and 5b. A portion of the



equi valent circuit upon short circuit of a circuit breaker as a first
enbodi nent according to the present invention. Fig. 4is a

characteristic curve illustrating a

and time of a circuit breaker as a firs®5embodi nent according to the

pr esent

i nventi on. -9-

rel ati onshi p between an arc voltage

Fig. 5

is a characteristic curve illustrating a current limting effect of a
circuit breaker as a first enbodi nent according to the present invention.
Fig. 6 is a perspective viewillustrating an '

casing 1 for disposing the intermediate fixed contact
base 7 is recessed so as to facilitate positioning upon
attachment. 1In addition, since the plate thickness is
reduced as compared with other portions, heat generated
from the intermediate fixed contact base can be
dissipated effectively to an equipment attaching plate
80 upon attachment to the equipment attaching plate'80
in a distribution board as shown in Fig. 9. A load side
conductor 9 as a second fixed conductor has a contact 6
as a fixed contact attached at one end by means of
silver soldering, caulking or the like at alposition_
opposing to the movabie contact of'the movable contact
base 5b, and a load side terminal 9a disposed at the
other end. The fixed contact base 8, the movable
contact bases 5a, 5b, the intermediate fixed contact
base 7 and the load side conductor 9 are formed each in
the shape of a flat plate made of a rigid
electroconductive material, for example, a flat copper
bar or the like. The electroconductive material is not
restricted only to copper but may be other metals such
as a copper alloy, for example, iron-incorporated copper
or aluminum so long as the material is a good electric
and heat conductor and has an appropriate elasticity
capabie of wiping contacts; In this émbodiment,_the

power source side terminal 8a, and the load side



I nner constitution of a circuit breaker as a second enbodi ment according
to the present invention. Fig. 7 1s a cross sectional view
illustrating an inner constitution of a_circuit breaker as a second
enbodi ment according to the present i n7ehbi on. Fig. 8is a
perspective view illustrating an appearance of a circuit breaker as a
second enbodi nent according to the present invention. Fig. 9is a
perspective viewillustrating a state of nmounting a circuit breaker as a
first enbodiment according to the present invention to a distribution
board. Fig. 10 is a perspective viewillustrating an inner
constitution bérminalc8athaveakermisah nétalls kobolhmped mespeckivelw t he
present invention. Fig. 11 is a perspective viewillustrating a
contact constbyusepewibngaferrEixingreerminaks of wigings 82, 84

connected thereto upon attachment to the distribution
board.-

The load side conductor 9 extends to the load
side passing through a éurrent transformer 11 at the
midway from the fixed contact to the load side terminal
9a for detecting the current of the electric path. The
output of the current transformer 11 is supplied to an
overcurrent detection circuit 12. The overcurrent

. detection circuit 12 has a circuit structure, for
example, as disclosed in Japanese Patent Laid-Open Sho
57-170023 and generates an output for driving an
overcurrent tripping device 13 when a state in which the
current of the electric path, that is, a current flowing
in the load side conductor 9 exceeds a rated value
continues for more than a period of time determined by
time delay characteristic. The overcurrent tripping
device 13 has a constitution described, for example, in
Japanese Patent Laid-Open Sho 59-189529, in which a
plunger 13a is normally attracted by the attraction
force of a permanent magnet and the plunger 13a
protrudes when the attraction force of the permanent
magnet is reduced being excited reverseiy by the output

of the overcurrent detection circuit 12 and pushes the



enbodi nent according to the present invention. Fig. 12 is a

perspective view illustrating a contact constitution of a circuit breaker

as a third enbodinent according to the present invention.

- 10 - Fig. 13 is a perspetti¥e-view illustrating an inner

constitution of a circuit breaker as a fourth enbodinent according to the-

present invention. Fig. 14 is a perspective viewillustrating a
~constitution for a rotary nmenber of a circuit breaker as a fifth

enbodi ment according to the present invention. Fig. 15is a

perspective view partially in cross
driving portion 4b of the rotary member (not illustrated

in Fig. 1) to rotate the rotary member 4 clockwise and
open the contacts at four positions substantially
simultaneously._

Fig. 1 shows an "ON" state of the circuit
breaker and in a case of manuai "OFF" operation from
this state, the operation handle 3 is displaced
rightwardly in thé drawing to open the movable contacts
and the fixed contacts at four positions substantially
simuitaneously by the clockwise rotation of the rotary
member. The manual "ON" operation is conducted by the
operation opposite to "OFF" operation, in which the
operation handle 3 is displaced from an OFF position
leftwardly in the drawing to put the movable contacts
and the fixed contacts at four positions into contact
simultaneously by the counterclockwise rotation of the
rotary member.

In this embodiment, since the fixed contact base
8, movable contact bases 5a and 5b, the intermediate
fixed contact base 7 and the load side conductor 9 are
each in the shape of the flat plate made of the rigid
electroconductive material, flexible wire conductors
used in most of existent circuit breakers can be saved;
thereby eliminating problems in the existent circuit

breakers, for example, loosening or disconnection of the



section illustrating an ON state of a circuit breaker in a sixth

enbodi nent according to the present invention. Fig. 16 is a
perspective view illustrating a constitution of a holding nmenber and an
operation handle of a circuit breaker =i A8t e sixth enbodi nent according

to the present invention. - ' Fig. 17 is a perspective view partially
in cross section illustrating an OFF state of a circuit breaker in the

si xt h enbodi nent according to the present invention. Fig. 18 is a
perspective view partially in cross section illustrating a TRIP state of a

circuit breaker in the sixth enbodiment according to the present
I nvent i on. flexiblki giré9coadacperspehatveimiewcheé! Lsfe avf nghan engagi ng
state of an engaging nmeans of a circuit breaker in the sixth enbodi nment
accordi ng to thecpiésbmneaker. |
In this embodiment, the contact opening/closing
mechanism is made rotary with a serial 4-point contact
structure. The toggle link or the like is unnecessary
in the rotary type and the mechanical portion of the
circuit breaker.can be greatly simplified to improve the
assembling performance and reduce the cost of products.
Further, sihcé the mechanical portion is greatly
simplifiéd, the life of the circuit breaker can be
extended.

" Further, since the serial 4-point contact
structure greatly reduces the arc energy upon pole-
opening, generation of arcs at each of the contacts can
be suppressed thereby enabling to save the arc
distinguishing device or greatly reduce the size of the
arc distinguishing-devicé; Further, upon breaking of
short circuiting current, since the short circuiting
current is greatly suppressed by the serial 4-point
contact structure, there is no restriction on user's'
selection for wiring support structuré, heat capacity of

‘load equipment and upper and lower rank breakers, to

provide a great user's merit.



I nventi on. Fig. 20 is a perspective viewillustrating
a disengaging state of an engaging neans of a circuit breaker in the

si xt h enbodi nent according to the present invention. Fig. 21 is a
perspective view illustrating an engagtrnipstate of an engagi ng neans of a
circuit breaker in the sixth enbodi nent according to the present

i nventi on. Fig. 22 is a perspective viewillustrating a

di sengagi ng state of an engaging nmeans of a circuit -

The breaking phenomenon upon breaking the short
" circuiting current by the circuit breaker will be-
explained with reference to Fig. 3 to Fig. 5.

When a short circuit accident should occuf in
the circuit, a large current flows in the circuit, An
arc voltage is generated between the contacts when the
contacts are opened repulsively by.the large current to
suppress the short circuiting current. This is referred
to as current limitation, and the mechanism of the
circuit breaker operates subsequently to share the

recovery voltage between the.contacts to complete
breakihg;
| Fig. 3 shows a circuit diagram for an equivalent
circuit upon occurrence of the short circuit accident.
In this case, the following equation is established.

[Formula 1]

. di
eosin(wt + 8) = L + Ri + vg «... {(Formula 1)

where:
i : short circuiting current ()
eg : power source voltage amplitude (V)
R : circuit resistance ()
L : circuit inductance ' (H)

va : arc éoltage (V)



breaker in the sixth enbodi nent according to the present invention.

Fig. 23 is a perspective view partially in cross section illustrating an
ON state of a circuit breaker in a seventh enbodi nent according to the
present invention. Fig. 24 is—a2fide elevational viewillustrating
a state of a nmechanical portion in an ON state of the circuit breaker in
the seventh enbodi nent according to the present invention. Fig.
25 is a perspective view partially in cross section illustrating an OFF
state of the circuit breaker in the seventh enbodinment according to the
present invention. Fig. 26 is a perspective view partially in

cross section illustrati rppwerT Rdudeatwifagdhajulds if @Ry (Hz)

§ : short circuit phase (rad)

The arc voltage va undergoes the effect, most
significantly, of the displacement of the movable
contact base. As a result of various experiments,
the arc volfage is approximated as shown in Fig. 4,
which is represented by the formulae (2), (3) and (4).

[Formula 2] |
For 0 = t = t;
va =0 ﬁ.....,........,............; (Formula 2)
[Formula- 3] | |
For t1 < t = t2
va = vg + a(t = t1) ceeececcccnccns (Formula 3)
[Formula 4]
| Fér t2 < t

va = vgp + a(t - t1) + b(t - t2)2 ... (Formula 4)

The current limiting value at each time is
calculated as shown by the formulae (5), (6) and (7).

[Formula 5]

For 0 = t . t;

R
i(t)y=—oS0 {sin(.t+s-g)-¢ L‘tsin(f-g)} .. (Formula 5)
VR2+2L2

wl

where ¢=tén-1R



- 12 - In the seventh enbodi nent according to the present invention.
DESCRI PTI ON OF THE PREFERRED EMBODI MENT Preferred enbodi nents of
the present invention wll now be explalned with reference to Fig. 1 to
Fig. 26. A first enbodi ment 6f 22h& present invention will be
explained with reference to Fig. 1 to Fig. 5'and Fig. 9. Fig 1
and Fig. 2 show the constitution of a circuit breaker in this enbodi nent.
In this enbodinent, a rotary nenber 4 as a hol di ng nenber nade of an

[Formula 6]

For t1 < t = ta

i(t)y=———=8 — {sin(wt+f-g)-c Ltsm(ﬁ-m}
‘—°-{1 il t1’} 2 [(t-ta)-L- {1 —plt-t) g
<+« {(Formula 6)
[Formula 7]

For t2 < t

_R
i(t)=——20 — {sin(wt+f-g)-c L tsin(d-g)}
VR2+w2L2

= - Sttty 2 [(e-t1)-L {1- (e,

b

'-— [(t- tz)z--—(t t2)+R— (1-srttt2) )

ses (Formula 7)

The forﬁulae (5), (6) and (7) are obtained by
subtracting formulae vp, a(t - ti), and b(t - £2)2
representing the limiting current by the generation of
the arc voltagé from the current in a case no arc
voltage is generated (estimated short circuiting
current).

The limiting current is represented by the

formulae (8), (9) and (10).



insulating material is rotatably journaled in a box by a bearing 4c

provi ded about at a central portion of the box. The box conprises a casing
1, a nold cover 2 and side plates 2a. Fig. 1 shows a state in which the
side plates 2a are detached. The bearn824t is formed to the inner
surface of the nold cover 2 and the side plates 2a. In a nethod of
assenbling parts such as the rotary nenber 4 into the casing 1 and
covering themwith the nold cover 2 and the side plates 2a, the nold cover
2 and the side plates 2a may be integrated previously, or in a nethod of
assenbllng parts such as the rotary nenber 4 fromthe side way and
covering.them wi t fFobmula 8] - 13 -

Limiting current ivg with vq

. v --(ttl)
1V°=Eo {1-¢ L } ... (Formula 8)

[Formula 9]
Limiting current ia with a(t - tj)
. a L _R.._ ' :
ia= -[(t-t1) -7~ {1-"L!"" }1 ... (Pormula 9)
[Formula 10]

Limiting current ib with b(t - t2)2

_R
(t-tz)
}] LI}

(Formula 10)

ib=— b [(t-tz)2~2L (¢- tz)+2—Lz {1-¢

From the foregoings, the current limiting value
in each time assuming the estimated short circuiting
current as ig with ivg, ia and ib is as shown by the
formulae (11), (12) and (13), and ivg, ia and ib limit
the estimated short circuiting current as shown in Fig.
5. |

- [Formula 11]
For 0 = t = t;
1 = g seccereccccccscancnsccccccns (Formula 11)
[Formula.12]
For t1 < t = t3

i =1ip - (ivg + ia) *+cccescccecsecs (Formula 12)



side plates 2a,-the casing 1 and the nold cover 2 may be integrated

previ ously. A novabl e contact base 5a as a first novable

conductor and a novabl e contact base 5b as a second novable conductor are
fixedly supported by the rotary nenber-423The novabl e contact bases 5a and
5b are nmounted to the rotary nember 4 by seizing with protru5|ons 4d, 4de
formed to the rotary nenber 4, or by fitting into grooves forned in the
rotary nenber 4, in which the novabl e contact bases 5a and 5b are fixed to
the rotary menber 4 by the resiliency of the protrusions 4d, 4e of the
rotary nmenber 4 or by screw setting to the rotary nenber 4. In this

enbodi nent, the prpréemaDa ¥3l) is disposed at the back of contacts 6 of the
novabl e contact bases 5a and 5b, while the protrusion 4e is disposed on

t he same side as the contaPbs 6a2fortseizing

i=1ig - (ivg + ia +ib) secececceeecs. (Formula 13)

Further, both sides of the formula (1) are
multiplied by i and integrated as far as the completion
of breaking, as shbwn_in the formula (14).

[Formula 14]

f%eolsln(wt+0)dt-Lf 1dt-dt+Rf 12dt+f%Valdt

circuit ' . . .
energy:energy =§1412]O+Rﬂ:12dtfﬁ?valdt

supplied from

. ..
pf)wer source =R_]f: i2at + f vaidt
energy consumed arc energy:energy
in the circuit consumed in FFB arc
generally extinguishing
referred to as chamber

passage i2t
s+ {Formula 14)

Where
1L[12] Sz 1L[12]“+;- L[12]

=1ria2 - Lrin2
=3 Lig 3 Lig

accumulation discharge

=0

As can be seen from the formula (14), the energy
supplied from the power source is divided into an energy
consumed in the circuit and an arc energy that can be

consumed in a circuit breaker arc extinguishing chamber.



the novabl e contact bases 5a and 5b between them The protrusion 4d
functions al so as a backing nenber to prevent deformation of each of the
novabl e contact bases by the pressure of contact. Each of the novable -
contact bases 5a and 5b has contacts 6 @4 rmovabl e contacts attached on
both ends by means of silver soldering, caulking or the Iike. The rotary
menber 4 rotates around a rotational center 4a as the center, and the
rotational center 4a is fornmed integrally with the

- 14 - rotary nmenber 4 or formed with a pin passing through the
rotary menber 4. An operation handle 3 is mounted to

From the foregoings, the performance of the_
circuit breaker to the breaking is determined by the
rise of the arc voltage (ti, t2, a, b) and the heat
capacity of the arc extinguishing chamber.

Accordingly, for improving the breaking
performance;.at least the rise of the arc voltage may be
made earlier, and the breaking performance is improved
remarkably in the circuit breaker of the serial multi
contact structure.

Simply, in the serial 2-contact structure of an
identical constitution, generation of the arc energy is
suppressed to about 1/2 for the entire 2-contacts
according to the numerical calculation approximating the
arc voltage, and it may suffice to consume 1/4 arc
energy per one arc extinguishing device.

Further, since the arc energy is decreased by
the thus increased number 6f contacts, the actual
breaking distance is decreased as a number of pair of
contacts is increased.as compared with a required
breaking distance to the rated current as shown in Table

1.



the rotary nenber 4 with a top end being protruded out of the nold cover
2, and the rotary nenber 4 rotates around the rotational center 4a as the
center by ON, OFF operation of the operation handle 3 (clockw se for OFF
and counterclockwise for ONin Fig. 1)~ BAR trhis enbodinment, since the
constitution of termnals, the operation handle and the outer profile are
made conpatible wth those of the existent circuit breaker, there is no
restricting condition in view of using the circuit breaker and conveni ency
in use is not deteriorated. A fixed contact base 8 as a first
fixed conductor 'has a power source side term nal 8a disposed at one end,
and a contact 6 a$Tabléxe¢ contact attached at the other end by nmeans of

silver sol derj n p ng_to the
movabl e cont §§?~a5§%§h *kiogh shdo bé??rbégﬁﬁ%éhg 3drh e Hrbaklhs
nce of C1rcu1t Breaker Frame)
. Number of Breakihg
Rated Requlfed contact distance Actu?l
breaking : breaking
current . {number of | for each .
distance distance
(frame) (mm) contact contact (B) (mm)
pair) (N) |(B/N) (mm)
30a 12 1 12 12
v v 2 5.4 10.8
7 ” 4 © 2,42 9.7
7 4 6 1.45 8.7

Actual breaking distance =

x 0.9(N-1)

necessary breaking distance

- A second embodiment of the present invention

will now be explained with reference to Fig. 6 to Fig.

8. In the first embodiment (Fig. 1 and Fig. 2), an

example of a single pole circuit breaker is shown.

this embodiment,

In

2-pole product is constituted in one

box comprising a casing 21, a mold cover 22 and side

plates 2a, by disposing a fixed contact base 8 as a

first fixed conductor, a movable contact base 5a as a

first movable conductor, an intermediate fixed contact

base 7 as an intermediate fixed conductor, a movable

contact base 5b as a second movable conductor, and a

load side conduqtor 9 as a second fixed conductor for -

each pole in parallel on both sides of a rotary member




fixed contact base 7 as an internedi ate fixed conductor is fixed belowthe
rotary nmenber 4 to the casing 1 and has contacts 6 as the fixed contacts
attached on both ends by nmeans of silver _soldering, caulking or the |like
at the position opposing to the novabl & &ntacts of the novable contact
bases 5a and 5b. A portion of the _ - 15 -
casing 1 for disposing the internediate fixed contact base 7 is recessed
so as to facilitate positioning upon attachnment. In addition, since the
plate thickness is reduced as conpared with other portions, heat generated
fromthe internmedi ate fixed contact base can be

24. 1In this embodiment, insulation barriers 22a are

formed between the power source side terminals 8a and

the load side terminals 9a respectively, for inter-phase

insulation between two poles. As shown in Fig. 7, the

rotary member 24 is pivoted rotatably at a rotational

center 24a by a bearing 24c formed to the inner surface

of the mold cover 22 and the side plates 2a. The

movable contact bases 5a and 5b are mounted to the

rotary member 24 by being seized with protrusions 44, 4e

(not illustrated in Fig. 6) formed to the rotary member

24 in the same manner as in the first embodiment. Also

in this embodiment, the protrusion 44 is disposed at the

"back of the contacts 6 of the movable contact bases 5a

and 5b, the prdtrusion 4e is disposed on the same side

as the contacts 6, and the movable contact bases 5a and

5b are seized between them (not illustrated in Fig. 6).

Also in this embodiment, a current transformer 11 is

mounted to the load side conductor 9, the output of the

current transformer 11 is supplied to an overcurrent

detection circuit 12, and an overcurrent tripping device

13 is driven by the oufput of the overcurrent detection

ciréuit 12 upon overcurrent state thereby protruding a

plunger 13a tb push a driving portion 4b of the rotary

member 24 and rotate the rotary member 24 clockwise to



di ssipated effectively to an equi pment attaching plate 80 upon attachnment
to the equipnent .attaching plate 80 in a distribution board as shown in
Fig. 9. Aload side conductor 9 as a second fixed conductor has a contact
6 as a fixed contact attached at one &nd7by means of silver sol dering,
caul king or the like at a position opposing to the novable contact of the
novabl e contact base 5b, and a |oad side termnal 9a disposed at the
other end. The fixed contact base 8, the novable contact bases 5a, 5b, the
internediate fixed contact base 7 and the |oad side conductor 9 are forned
each'in the shape of a flat plate made of a rigid electroconductive
material, foropeanphe, canthetscapp€ourbposbtiohs substambibally
electroconduct[ve material is not restricted only to copper but may be
other netals simbltapeausdyper all oy, for exanple, iron-incorporated copper
or alumnumso long as the material is a good electric
Constitutions for other portions are basically

identical with those in the first embodiment. In this

embodiment, the movable contact bases 5a, 5b for 2-poles

can be operated simultaneouély_by one rotary member 24.

This can be further developed easily into applications

for 3-pole and 4-pole products and can cope sufficiently

with also with the 3-pole structure employed generally.

Fig. 8 shows the appearance of 3-pole structure in

addition to 2-pole structure.

A third embodiment according to the present

invention will be explained with reference to Fig. 10 to

Fig. 12. This embodiment shows an example of further

improving the breaking performance by making the contact

structure as a current limiting repulsion type. The

entire structure of this embodiment is shown in Fig. 10.

This embodiment has the same parts and same constitution

as those in the first embodiment, except for a fixed

contact base 28, an intermediate fixed contact base 27,

a load side conductor 29, casing 31 and a mold cover 32.

In this embodiment, a U-shaped groove is formed near the

fixed contact for each of the fixed conductors of the

fixed contact base 28, the intermediate fixed contact

base 27 and the load side conductor 29 so as to surround



and heat conductor and has an appropriate elasticity capable of w ping
contacts. In this enbodinent, the power source side terminal 8a, and the
| oad side - 16 - term nal 9a have
termnal netals 10 clanped respectivel y= 3§ screwing for fixing terminal s
of wirings 82, 84 connected thereto upon attachnent to the distribution
board. The | oad side conductor 9 extends to the |oad side passing
through a current transformer 11 at the mnmidway fromthe fixed contact to
the load side terminal 9a for detecting the current of the electric path.
The :

the fixed contact such that the direction of the current

is reversed to the direction of the current in the
movable conductor, and lugs 28b, 27a, 29b are formed
respectively to the inside of the U-shaped grooves. The
lugs 28b, 27a, 29b can reverse the current passing
directions to each other between the opposing fixed
conductor and_the movable conductor, so that repulsive
force can be exerted between the fixed and the movable
contacts under the effect of the electromagnetic force
upon paSsége of a large current (upon generation of a
shbrt circuiting'current), to make the pole opening
early thereby providing a reﬁarkable effect of
suppreésing_thé short circuiting current (current
limitation). Fig. 11 shows a detail for the portion A.

' The portion A shows an opposed portion between the
intermediate fixed contact bése 27 and the movable
contact base 5a in which the direction B; of the current
flowing in the movable contact base 5a and the direction
B2 of the current flowing in the lug 27a are reversed fo

. each other by the effect of the U-shaﬁed groove and the
lug disposed to the intermediate fixed contact base 27,
to generate electromagnetic repulsive forée. Further,
in addition to the U-shaped groove, the current limiting
repulsion structure may be constituted also as shown’in

Fig. 12 by bending the intermediate fixed contact base



output of the current transforner .11 is supplied to an overcurrent
detection circuit 12. The overcurrent detection circuit 12 has a circuit
structure, for exanple, as disclosed in Japanese Patent Lai d-Qpen Sho
57-170023 and generates an output for eri28 mg an overcurrent tripping
device 13 when a state in which the current of the electric path, that is,
a current flowng 1in the |oad side conductor 9 exceeds a rated val ue
continues for nore than a period of tinme determned by tine delay
characteristic. The overcurrent trippi'ng device 13 has a constitution
described, for exanple, in Japanese Patent Laid-Qpen Sho 59-189529, in

which a plunger ;433 bﬁsaaPEalbbn@&bﬁ@ﬁt@énbyahherébéfa@ﬁgoaheforce of a
per mmnent magnet and the plunger 13a protrudes when the attraction force

of the pernmangitrectaoncB;i 6fr cHacedrbentof tawihgdin etire Sebyalblet he out put
of the overcurrent detection circuit 12 and pushes the

contact base 5a to the direction Bz of the current
flowing in the U-shaped bent lug 27a, thereby generating
electromagnetic repulsive force. |

A fourth embodiment according to the present
invention will be explained with reference to Fig. 13.
In this embodiment, three movable conductors 55a, 55b
and 55c and two intermediate fixed conductors 57a, 57b
are contained in a box comprising a casing 51 and a mold
cover 52. In this embodiment, there are three pair of
cbntacts to improve the breaking performance. Other
_portioﬂs are identical with those in the first
embodiment. |

A fifth embodiment according to the present
invention will be explained with reference to Fig. 1l4.
In this embodiment, the structure of the rotary member
is replaced from a disc-like shape in other embodiments
into a rotary member 74 of a substantially X-shaped
configuration. A rétational center 74a of the rotary
member 74 is pivoted rotatably such as by bearings 4c,
24c like that in other embodiments. The rotary member
74 has pfotrusions 744, 74e formed thereon for seizing
the movable contact bases 5a and 5b. The protrusion 74d

is disposed at the back of the contécts 6 of the movable



- 17 - driving portion 4b of the rotary nenber (not illustrated in
Fig. 1) to rotate the rotary menber 4 clockw se and open the contacts ?t '
four positions substantially sinultaneously. _ Fig. 1 shows an "ON
state of the circuit breaker and in a<ca&% -of nanual "COFF" operation from
this state, the operation handle 3 is displaced rightwardly in the draw ng
to open the novable contacts .and the fixed contacts at four positions
substantially sinmultaneously by the clockwi se rotation of the rotary
menber. The manual "ON' operation is conducted by the

contact bases 5a and 5b while the protrusion 74e is
disposed on the same side as the contact 6. The
protrusion 744 functions also as a backing member to
prevent the deformation of each of the movable contact
bases by the pressure of contact. For other portions,
those in any one of the first to the third embodiments
may be used. |

A sixth embodiment according to the present
invention will be explained with reference to Fig. 15 to
Fig, 22.

Fig.;ls shows a constitution of a circuit
breaker in this embodiment,'Fig. 15 shows an ON state.
The circuit breaker in this embodiment comprises, at the
ingide of a box having a casing 101 and a mold cover |
102, a fixed contact base 111 as a first fixed conductor
connected ét one end to a power source terminal ili—a
and having at the other end a first fixed contact 112-a,
a conductor 113 as a second fixed conductor connécted at
one end to a load terminal 113-b and having at the other
end a second fixed contact 112-b, a movable contact base
105 having a first movable contact 106-a and a second
movable contact 106-b opposed to the first fixed contact
112-a and the second fixed contact 112fb respectively, a
.rotor 104 as a holding member disposed rotatably around

a rotational axis 104-b as a center for holding the



operation opposite to "OFF" operation, in which the operation handle 3 is
di spl aced froman OFF position leftwardly in the drawing to put the
npvable contacts and the fixed contacts at four positions into contact

si nmul t aneously by the countercl ockwi se-=r3tation of the rotary nmenber.

In this enbodi ment, since the fixed contact base 8, novabl e contact bases
5a and 5b, the internediate fixed contact base 7 and the | oad side
conductor 9 are each in the shape of the flat plate made of the rigid

el ectroconductive material, flexible wire conductors wused in nost of

exi stent circuit breakers can be saved, thereby elimnating problens in

EE: exi stent foyablé c@ﬁ%@rsaséoxosemr&ﬁ ethépo&mimsr mbvetsdeect i on of
contact 106-a and the second movable contact 106-b can
be brought into contact with and apart from the first
fixed contact 112-a and the second fixed contact 11l2-b,
an operation handle 103 rotatably disposed in coaxial
with the rotational axis of the rotor 104 for effecting
opening/closing operation for the first movable contact
106-a and the second movable contact 106-b, a current
transformer 114 and an overcurrent detection circuit 115
as an overcurrent detection means for detecting an |

. overcurrent state in an electric path from the power
sourcé terminal 111-a to the load terminal 113-b, a trip
unit 116 as a tripping means thaé operates based on the
output of the overcurrent detection means, a torsion
spring 107 as an energizing means for enérgizing the
rotor 104 in a tripping direction and a hook 108 as an
engaging means for engaging the rotor 104 to the
operation handle 103.

ON-OFF operation of the circuit.breaker is
conducted by the 6peration.handle 103 protruding out of
the mold cover 102. As shown in Fig. 16, the operation
handle 103 has an haﬁdle.operation portion 103-a formed
to an upper portion, a protrusion 103-c disposed
therebelow as a center of rotation and, further, an

extension 103-b ektended further rightward, a groove



- 18 - flexible wire conductors that |imt the life of the «circuit
breaker . In this enbodi nent, the contact opening/cl osing
mechanismis nade rotary with a serial 4-point contact structure. The
toggle link or the like is unnecessary —i32 the rotary type and the
nmechani cal portion of the circuit breaker can be greatly sinplified to

I nprove the assenbling perfornmance and reduce the cost of products.
Further, since the mechanical portion is greatly sinplified, the life of
the circuit breaker can be extended. Further, since the seria
4-point contact structure greatly reduces the arc energy upon pol e-

opening, genengid- hifiny & sPostRC P itnN@opP@nACHE ¢he extension
| 103-b. The protrusion 103-c is fitted rotatably to the

rotor 104. The rotor 104 is rotatably disposed around a
projection iO4-b as a center, and the torsion spring 107
is provided to a.fitting portion between the handle 103
and the rotor 104, so that the rotof 104 is energized to
rotate clockwise by the torsion spring 107 when the
handle is secured. .An extension 104-c is formed to the
right top end of the rotor 104 like that in the
operation handle 103, and a groove 164-d is formed-to
the extension 104-c for.attaching a hook 168. The hook
108 is pivotally supported by a pin 110. Further, the
hook 108 is energized clockwise as viewed from above by
a spring 109. The hook 108 has driving portion 108-b
formed at one end and a hook engaging portion 108-a
fofmed at the other end, In a usual state, the hook
engaging portion 108-a protrudes from the groove 104-4
toward the operation handle 103 being energized by the
spring 109, and the rotor 104 is engaged to the
operation handle 103 and operates rotationally together
with the operation handle 103. The rotor 104 has the
movable contact base 105-having the movable contact 106-
a and 106-b along one of chords for a circle having the
rotational center 104-b as the center. The rotor 104

has a protrusion 104-a so as to cover a portion of a



be suppressed thereby enabling to save the arc distinguishing device or
greatly reduce the size of the arc distinguishing device. Further, upon
breaki ng of short circuiting current, since the short circuiting current
is greatly suppressed by the serial 4-poi33t = contact structure, there is no
restriction on user's selection for wiring support structure, heat
~capacity of |oad equipnent and upper and | ower rank breakers, to provide
.a great user's merit. _ - 19 - _

The breaki ng phenonmenon upon breaking the short circuiting current by the
circuit breaker wll be

base end of the operation portion 103-a of the operation
handle 103 on the extension side. In this embodiment,
letters "ON" are indicated on the protrusion 104-a such
that the letters can be séen through an opening for the
handle in the cover 102 in the ON state. Letters "OFF"
are indicated on a base end 103-e of the operation
handle 103 opposed to the extension of the operatioﬁ
portion 103-a, such that the letters can be seen through
the opening for the handle of the cover 102 in the "OFF"
state. Fﬁrther, letters "TRIP" are indicated on a base
end 103-f of the operation handle 103 on the extension
side of the operation portion 103-a, which are usually
concealed by being 00vefed with the protrusion 104-a of

- the rotor 104 but the.letferé can be seen through the
opening for the handle of the cover 102 in the TRIP
state by the movement of the protrusion 104-a.

As shown in Fig. 15, the fixed contact base 111
has the power source terminal 111-a attached at one end,
exténds substantially in a Z-shaped configuration and
has a fixed contact 112-a attached at the other end. On
the other hand, the conductor 113 has the load terminal
113-b disposea at one end, extends substantially in an
L-shaped configuration and has the fixed contact 112-b
attached at the other end. The fixed contact 112-a and

the fixed contact 112-b are attached at positions



explained with reference to Fig. 3 to Fig. 5. When a short circuit
acci dent should occur in the circuit, a large current flows in the
circuit. An arc voltage is generated between the contacts when the
contacts are opened repul sively by the- @&%e current to suppress the short
circuiting current. This is referred to as current limtation, and the
mechani sm of the <circuit breaker operates subsequently to share t he

recovery vol tage between the contacts to conplete breaking. Fi g.
3 shows a circuit diagramfor an equivalent circuit upon occurrence of the

“short circuit accident. 1In this case, the follow ng equation is _ _
est abl i shed. opposﬁﬁgrﬁblahé]movabEéeébhﬁhaééelﬂk 4 hRarlde=blatetht + R
+ vlerr] .... (Formula 1)

same pitch as the mounting pitch for the movable
contacts. In Fig. 15, the rotor 104 rotates clockwise
to open the contacts. For making the movable contacts
106-a, 106-b apart from the fixed contacts 112-a, 112-b
by the rotation of the rotor 104, the movable contact
base 105 may be attached to a right-half portion in view
of the center for one of chords of a circle having a
radius equal with a distance from the center as the
rotational center 104-b of the rotor 104 substantially
to the surface of the movable contact 106-a. The
longitudinal size of the movable contact base 105
_(direcﬁion from the movable contact 106~a to 106-b) is
set to less than one-half length of the chord.

At the inner surface of the cerr 102, a
protrusion 10l1-b is formed for abutment of the extension
103-b so as to stop the rotation of the handle 103 upon
ON to OFF transfer. The protrusion 10l1-b is not
illustrated in Figs. 17 and 18.

The conductor 113 passes through the current
transformer 114 between the fixed contact 112-b and the
load terminal 113-b, by which current in the electric
path from the power source terminal 1ll-a to the load
terminal 113-b is detected. Further, the overdurrent

detection circuit 115 is attached to the conductor 113,



wher e: I : short circuiting current (A e[err]

. power source vol tage anplitude (V) R : circuit resistance
[err] L : circuit inductance _ (H va . arc
vol t age (V) - 35 - , - 20
- : [err] : power source voltage angul ar frequency (Hz)

[err] : short circuit phase (rad) The arc voltage

va undergoes the effect, nost significantly, of the displacenent of the

novabl e contact base. As a result of various experinents,

and an output in accordance with the'value of the main

circuit current of the transformer 114 is inputted to
the overcurrent detection circuit 115. When the
overcurrent detectioﬁ circuit 115 detects the
overcurrent, it generatés an output for tripping and the
output is supplied to a trip unit 116. For the trip
unit 116, a magnetic tripping device or the like is
generally used so that tripping can be conducted with
less energy and, for example, a unit of releasing a
plunger attracted by a permanent magnet by reverse
excitation to protrude an actuator portion 1ll6-a is
used. 1In this embodiﬁent, the actuator portion 11l6-a is
situated so as to abut against the driving portion 108-b
of the hook 108.

Further, a spring 130 is mounted to the handle
103 for snap action upén ON, OFF operation and the other
end of the spring 130 is caught on the protrusion 10l-a
of the casing 101.

_ Fig. 17 shows the OFF state of the circuit
breaker in this embodiment. OFF operation is conducted
by turning down the héndlé operation portion 103-a
rightwardly from the state shown in Fig. 15. When the
handle operation portion 103-a is turned rightwardly,

the entire movable portion shown in Fig. 16 such as the

- handle 103, the rotor 4 and the hook 108 rotate



the arc voltage is approxi mated as shown in Fig. 4, which is represented

by the formulae (2), (3) and (4). [ Formul a 2] . For O
[err] t [err] t[err] va = 0 ...
(Formul a 2) [ Formul a 3] = 36 - For t[err] <t [err] t[err]
va = v[err] + a(t - t[err]) ... ... .. .. ... (Formul a 3) [ Formul a
4] For t2 <t va =vo + a(t - t[err]) + b(t -
tferr])[err] ... (Fornmula 4) The current limting value at each
time is calculated as shown by the fornmulae (5), (6) and (7).

[ Formul a 5] For O [err] t [err] tferr] I (t)= [err]

(sin [err] )-ftockwise &feunnd tberpt¢ttﬁstoulhp6&b_of the rotor 104
fitted to the casing 101 as the center of rotation. By
the rotation of the handle 103, the upper end of the
spring 117 moves rightwardly and, when the center line
of the spring 117 goes beyond the center of the
protrusion 104-b of the fotor, the entire movable
portion rotates quickly only by the resiliency ﬁith the
direction of the spring force. When the rotation of the
movable portion further proceeds, the handle portion
103-b abuts against the protrusion 101-b of the casing

. to stop the rotation.

Fig. 18 shows a TRIP state of the circuit
breaker of this embodiment. The current of the main
circuit is detected by the current transformer 114 and
the output thereof is transmitted to the ovércurrent
detection circuit 115. 1If a current exceeding a rated
current flows to the main circuit, the value of the
overcurrent is judged by the overcurrent detection
circuit 115 and a trigger of a characferistic defined in

~a reverse time manner is sent as an output for tripping
from the overcurrent detection circuit 115 to the trip
unit 116. The actuator portion 1l16-a of the trip unit
116 pops out by the trigger and pushes the driving
portion 108-b of the hook 108. Fig. 19 té Fig. 22 show

the operation of the hook 108. Fig. 19 and Fig. 21 shcw



wher e [err]
[ Formul a 6]
(Formul a 6)

= tan-[err] - 21 -
For t[err] <t [err] t[err] [err]
[ Formul a 7] [err]
_37_

the state of the hook 108 in the ON, OFF state of the
circuit breaker. Fig. 19 shows the state of the hook
108 on the rotor 104 and Fig. 21 shows the engaged state
between the hook 108 and the groove 103—d of the handle.
In this state, since the driving portion 108-b undergoes
no pressing of the actuator portion 1ll6-a, the hook
engaging portion 108-a protrudes from the groove 104-4
of the rotor 104 as shown in Fig. 19 and engages the
groove- 103-d of the handle as shown in Fig. 21. The pin
110 is not illustrated in Fig. 19 and the rotor 104 is
not illustrated in Fig. 21;' Fig. 20 and Fig. 22 show
the state.of the hook 108 in the TRIP state of the
circuit breaker. Fig. 20 is a view showing the.state of
the hook 108 on the rotor 104 and Fig. 22 shows an
engaged state between the hook 108 and the groove 103-4

of the handle. If an overcurrent flows, the driving

. portion 108-b of the hook 108 is urged by the popping

out actuator portion ll6-a, the hook 108 rotates in the

. direction opposite to the energizing direction of the

spring 109 around the pih 110 as the rotational center
(counterclockwise as viewed from above) as shown in Fig.
20, the hook ehgaging portion 108-a leaves the groove
103-d of the handle as shown in Fig. 22 and engagement
between the handle 103 and the rotor 104 is released.

Subsequently, the rotor 104 rotates clockwise by the



“(Formul a 7) : The formulae (5), (6) and (7) are obtai ned by
subtracting fornmulae v[err], a(t - t[err]), and b(t - t[err])[err]
representing the limting current by the generation of the arc voltage
fromthe current in a case no arc vol ta@8 s generated (estimated short
circuiting current).- The limting current is represented by the
formulae (8), (9) and (10). . - 22 -

force of the spring 130 around the fitting portion with
the handle protrusion 103-c as the rotational center, by
which the movable contacts 106-a, 106-b leave the fixed
contacts 112-a, 112-b to provide a contact-open state
thereby breaking the circuit. 1In this case, since the
rotor 104 can operaté in the tripping direction
independently of the operation of the operation handle
103, tripping can be conducted if the operation handle
103 is locked in the ON state, to obtain a trip free
circuit breaker.

Furthér, the prbtfusion 104-a moves in this case
only by the rotation of the rotor 104 and concealed
letters "TRIP" at the base end 103-f of the operation
handle_103 are -indicated through an opening (edgés) for
the handle of the cover 102.

In this embodiment, it is possible to remarkably
decrease the number of parts for the mechanical portions
and improvement of the assembling performance and,
further remarkable reduction of the product cost can be
attained. Further, improveﬁent of the reliability of
the products due to the decrease for the number of parts
can also be attained.

Then, a circuit breaker in a seventh embodiment
according to the present invention will be explained

with reference to Fig. 23 to Fig. 26. This embodiment



[ Formul a 8] Limting -current ivo with vo [err]

(Fornmul a 8) [ Formul a 9] Limting current ia with a(t -
tlerr]) [err] [ Formul a 10] Limting current
ibwith b(t - t[err])[err] - = 39err]

(Formul a 10) Fromthe foregoings, the current limting value in

each time assumng the estimted short circuiting current as iferr] with
ivferr], ia and ib is as shown by the fornulae (11), (12) and (13), and
:x[g{51, %é and ib.limt the estimated short circuiting current as shown
is to be applied for a type of relatively large size
(225A frame to 400A frame).

Fig. 23 and Fig. 24 show an entire constitution
and a cdnstitution for a main portion in the ON state in
which contacts are closed, respeétively.

The circuit breaker in this embodiment comprises
a fixed confact base 211 as a power source side first
fixed conductor, a conductor 213 as a load side second
fixed conductor, a fixed contact base 207 as an
intermediate fixed conductor interposed between the
first fixed conductor and the second fixed conductor, a
movable contact base 205 as a first movable conductor
disposéd between the fixed contact base 211 and a fixed

. contact base 207, a movable contact base 206 as a second
movable conductor disposed between the.fixed contact
base 207 and the conductor 213, and a rotor 204 as a
holding member rotatably disposed for holding the
movable contact bases 205, 206. Further, it comprises a
heater 122 and bimetals 125, and a fixed core 123 and a
movable core 124 as an overcurrent detection means for
detecting an overcurrent state in an electfic path from
the fixed contact base 211 to a éonductor 213, and a
hook 208 as a tripping means that qperates based on the
output of the overcurrent detection means, in which the

rotor 204 operates in a tripping direction independently



[ Formul a 11] For O [err] t [err] tferr]. I = i[err]

..................... . vve.... (Formula 11) [ Formul a 12]

For t[err] <t [err] t[err] i =i[err] - (ivo + ia)

............... (Formul a 12) - 40 - - 23 -

[ Formula 13] For t[err] <t I = if[err] - (iv[err] + ia
+ib) ... (Formul a 13) Further, both sides of the fornula

(1) are multiplied by i and integrated as far as the conpletion

of the operation of fhe operation handle 230 upon
operation of the tripping means.

The handle 230 is reinforced with a handle lever
117 made of metal in view of the large operating force
of a large—sized device, in which an'U-shaped groove
117-a of the handle lever fits a protrusion 118-a of the
fixed frame 118 as the base for attaching the mechanism
portion and rotates around the protrusion 118-a as a
rotational center. Further, a hook 208 is supported at
a hole 208-a of the hook by a pin to the fixed frame 118
and made rotatab;e. Fﬁ:ther, a hook top end 208-b
engages a trié metal 119. The trip metal 119 is
supporfed by a pin to the fixed frame 118 and made
rotatable like that the hook 208. The other end of the
trip metal 119 engages an interlock plate 120. The trip
metal 119 and the interlock plate 120 are energized
clockwise by a spring 132. Further, the rotational
center 204-a of the rotor 204 also fits the fixed frame
118, and a movable contact base 205 ha§ing two movable
contacts llz—a; 112-b and a movable contact base 206
having movable contacts il2-c, 112-d attached,
respectively, on each of the ends are mounted to the
rotor 204 so as to abut against the fixed contacts 112
attached to the fixed contact base 211 and the second

fixed contact base_207.



of breaking, as shown in the fornula (14). [ Formul a 14] [err]

ener gy consuned arc energy: energy in the circuit
consuned in FFB arc general ly ext i ngui shi ng
referred to as chanber - 41 passage i 2t

(Formul a 14) VWher e - [err] As can be

seen fromthe fornula (14), the energy supplied fromthe power source is

givided into an energy consunmed in the circuit and an arc energy that can
e

The fixed contact 112-d4 attached to the top end

of the conductor'213 abuts against the movable contact

' 106-d at the final end. The other end of the conductor
213 is joined with the heater 122 and the other.end of
the heater constitutes a load side terminal base 122-b.
Further, a fixed core 123 and the movable core 124 are
disposed so as to surround the cbnductof, bimetals 125
are joined to the heater 122 and an adjustiné screw 126
is attached to the top end of the bimetals 125.

Further, a spring 130 is engaged between the

. handle lever 117 and the rotor 204.

Further, a hook 108 and a rotor 204 constitute a
link by the lever 133.

Then, Fig. 25 shows the OFF state in which the
contacts are open. For the OFF operation, when the
handle 230 is operated rightwardly in the same manner as
in the sixth embodiment, the rotor 204 rotates clockwise
to open the contacts by the direction of the force of
the spring 130.

Then, Fig. 26 shows a TRIP state. If an
overcurrent flows in the main circuit, the bimetals 125
are heated by the heater 122 to distort the bimetals 125
by a current in an overload region, or the movable core
124 is attracted by the fixed core 123 inla short

circuit current region, by which the interlocking plate



consuned in a circuit breaker arc extinguishing chanber.

- 24 -

From the foregoings, the performance of the <circuit

breaker to the breaking.is determned by the rise of the arc voltage

(t[err],
chanber .

“performance is inproved
multi contact structure.
structure of an

t[err], a, b) and the heat capd@ ty of the arc extinguishing
Accordingly, for inproving the breaking performance,
| east the rise of the arc-voltage may be nade earlier, and the breaking
remarkably in the circuit breaker of the serial

Sinply, in the serial 2-contact
120 is rotated counterclockwise to_disengage from the
trip metal 119, and the trip metal 119 rotates also
clockwise. By the rotation, engagement with the hook
top end 208 is released and the hook 108 rotates around
208-a as the center, and the rotor 204 rotates clockwise
by the lever 133 that connects the hook 208 with the
rotor 204, to open the contacts. The handle 230 and the
haﬁdle lever 117 rotate rightwardly around the
protrusion 118-a of the fixed frame 118 as the center,
abut against the protrusion 208-b of'the hobk, and stop
between ON and OFF positions and the handle 230
indicates TRIP display at a neutral position.

 This embodiment has a structure suitable to a
circuit breaker of a relatively large capacity and,
since the overcurrent detection system is mechanical, it
can be constituted at a relatively reduced cost.
Further, since it is of a four-contact system, high

breaking performance can be attained.

at



i dentical constitution, generation of the arc energy is

about 1/2 for the entire 2-contacts according to the nunerical
approximating the arc voltage, and it may suffice to consunme 1/4 arc
energy per one arc extinguishing device” 3 - FUfth&F—%H%ﬁ%%%hﬁ—&F&-

SR

energy is decreased by the thus i ncreased number of co

breaki ng di stance is decreased as a nunber of pair of ;

increased as conpared with a required breaklng dlstanc

current as shown in Table

[ Tabl e 1]
: WHAT IS CLAIMED IS

25 -

‘suppressed to

cal cul ation

1. A circuit breaker comprising a first fixed

conductor on.a power source side,; a second fixed

conductor on a load side, an intermediate fixed

conductor interposed between the first fixed conductor

and the second fixed conductor, a first movable

conductor disposed between said first fixed conductor

and said intermediate fixed conductor and a second

movable conductor disposed between said intermediate

fixed conductor and said second fixed conductor.

2. A circuit breaker as defined in claim 1,

wherein an opening/closing mechanism is provided for

openihé/closing,_respectively, said first and said

second movable conductors between said first fixed

conductor and said intermediate fixed conductor and

between said intermediate fixed conductor and said

~ second fixed conductor substantially simultaneously.

3. A circuit breaker as defined in claim 2,

wherein said first and said second movable conductors

are attached each in a electrically insulated state to a

holding member made 6£ a substantially insulative

'méteriai, and said opening/closing mechanism is adapted

such that said'movable conductor is rotated by rotating

movement of said holding member around a rotational axis



Rel ati on Between the Nunber of Contacts and the Breaking D stance of

Circuit Breaker (For 30A Frane) Requi red Nunber of
Br eaki ng Act ual Rat ed br eaki ng cont act distance  breaking
current di st ance (nunmber of for eathd4 distance | cont act

n B fr ir
cveer om0 I
5.4 10. 8 _ ' : 2. 47 9.
6 1.45' 8.7 Actual breaklng di stance = ece ssary
br eaki ng di stance x 0.9(N-1) A
second embodi ngérely téﬁfé&tﬁﬁr@topémam/msmd lopers tiore bRitaideed esidhh
reference to Fig. 6 to Fig. . In the first enbodinment (Fig. 1 and Fig.

2), an exanplef dthe fixed ecqndtmtnrs:taxtd lwadak enoviableh@anduotortshi s

enbodi ment, 2-pole product is constituted in one box conprising a casing

21, a nold cover 22 and.siB8eciptuibsbfeakey compoising aaffiest chixedt base

8 as a first fixed conductor, a novable contact base 5a as a

' conductor on a power source side, a second fixed
conductor on a load side, one or more (by the number of
N) of the intermediate fixed conductors interposed
between the first fixed conductor and the second fixed
conductor and one or more (by the number of N+1l) of
movable conductors disposed between each of said fixed
conductors. |
5. A circuit breaker comprising a box, a

movable conductor rotating arouhd a rotational axis in
said bdx, a power source side first fixed conductor
opposed to one end of the movable conductor, a load side
second fixed conductor opposed to the 6ther end of said
movable conductor, contact portions disposed near the
side edges for each of conductors so as to electrically
connect said first fixed conductor, said movable
conductor and said second fixed conductor in series, and
an opening/closing operation means for rotating said
movable conductor so as to conduct opening/closing for
each of said contact portions substantially
simultaneously, in which said opening/closing operation

means is provided with an operation lever extended from

the top surface of said box toward outside of the box.



first novabl e conductor, an internediate fixed contact base 7 as an
intermedi ate fixed conductor, a novable contact base; :
movabl e conductor, and a |oad side conduébor 9 as a s ' tor
for each pole in parallel on both sides of a rotary namgi”""niﬂ”ﬂﬂm

- 26 - 24. In this enbodiment, insulation barriers ¥Za ane wf0s

bet ween the power source side termnals 8a and the |oad side termnals 9a
respectively, for inter-phase insulation between two poles. As shown in
Fig. 7, the rotary nenber 24 is pivoted rotatably at a rotational center
24a by a bearing 24c fetned tarthéti bneakevr ascdefined in claim 5,

wherein said movable conductor is disposed at a position
spaced apart from said rotational axis such that no
electric conductor is disposed near said rotational
axis.

7. A circuit breaker comprising a first fixed
conductor on a power source side, a second fixed
conductor on a load side, a movable conductor disposed
between said first fixed conductor and said second fixed
conductor, a holding member for holding the movable
conductor, an operation handle for effecting
opening/closing operation for an electric path'from said
first iixed_conduétor to said second fixed conductor, an
overcurrent detection means for detecting an overcurrent
state in said electric path and a tripping means that
operates based on the output of the overcurrent
detection means, in which said holding member is
operated in a tripping direction independently of the
operation of said operation handle upon operation of the
tripping means.

8. A circuit.breaker comprising a first fixed
conductor on a power source side, a second fixed
conductor on a load side, a intermediate fixed conductor
disposed between said first fixed conductor and second
fixed conductor, a first movable conductor disposed

between said first fixed conductor and séid intermediate



of the nold cover 22 and the side plates 2a. The novable contact bases 5a
and 5b are nounted to the rotary nenber 24 by belna seized with
protrusions 4d, 4e (not illustrated in Fi ned to the rota

24 in the same manner as in the first € |Trent m“H t“ Eu U“IE
enbodi nment, the protrusion. 4d is disposed at the - bac 6 of
t he novabl e contact bases 5a and 5b, the protrusion de i's dlsposed on the
sane side as the contacts 6, and the novabl e contact bases 5a and 5b are
sei zed between them (not illustrated in Fig. 6). Also in this enbodi nent,
a current transforner 11 is nounted to the |oad side conductor 9, the

out put of the £ixed esdnduchd pravemecoind smoghlle ebriducto ro\dEH ispagedt
detection circuit 12, and-an overcurrent tripping device 13 is driven by
t he out put of hetwenrersaid eimtemestitd tn £ icied Wiandi@ twpoandy @adut rent st at e

thereby protruding a _plunger 13a to push a driving portion 4b of the
rotary second fixed conductor, an operatlon andle for

effecting opening/closing operation for an electric paEh
from said first fixed conductor to said second fixed
- conductor, an overcurren£ detection means for detecting
an overcurrent state in said electric path and a
“tripping means that operates based on the output of the
overcurrent deteqtion means, in which said holding
member operates'in a tripping direction independently of
. the operation of said operation handle upbn operation of

the tripping means.
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- 27 - open the contacts at four positions substantiallg THIZ 8+ D

menber 24 and rotate the rotary nmenber 24 cl ockwi se to = : #AJ

si mul t aneousl y. . Constitutions for other portions ar@ basi%al}
identical with those in the first enbodinment. In this enbod ,_Lne
novabl e contact bases 5a, 5b for 2-poles can be operated sinultaneously by
one rotary nmenber 24. This can be further devel oped easily into
applications for 3-pole and 4-pole products and can cope sufficiently
with also with the 3-pole structure enployed generally. Fig. 8 shows the
appear ance of 3-pole structure in

ABSTRACT OF THE DISCLOSURE

An object of the present invention is to provide
a circuit breéker capable of improving the breaking
performance by the suppression for generation of arcs,
simpiifying.the structure and remarkably reducing the
number of parts.

A power source side first fixed conductor, a
load side second fixed conductor, an intermediate fixed
conduétor interposéd between the fixed conductors are
disposed and, further, a first movabie conductor and a
second movable conductor are disposed, respéctively,
between each of the power source side and the load side
fixed conductors and the intermediate fixed conductor,
to constitute a serial electric path with each of the
conductors, in which an opening/closing mechanism opens
the movable conductors between the first fixed conductor
and the intermediate fixed conductor and between the
intermediate fixed conductor and the second fixed

. conductor substantially simultaneously.

According to the present invention, since the
openiné/closing mechanism can be.constituted only with
rigid conductors and since a plurality of contacts
connected in series are opened simultaneously, the
opening speed in total between contacts can be increased

to improve the current limiting effect thereby

ThlS Sheet Has Been Repl
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addition to 2-pole structure. A third enbodi nent acc S o1 S,
present invention will be explained with reference to Fig. 1 .~§f'ﬂ55 BEEN
Thi s enbodi ment shows an exanple of further inproving the bréaking =""ACEH

perfornmance by making the contact structure as a current limting R

repul sion type. The entire structure of this enbodinent is shown in Fig.
10. This enbodi nent has the sane parts and sane constitution as those in
the first enbodi ment, except for a fixed contact base 28, an internedi ate
fixed contact base 27, a |oad side conductor 29, casing 31 and a nold
cover 32. In this enbodi nent, a U shaped groove is forned near the fixed

contact for e : t Of S qgg; 28, the
i nternedi ate ag%ﬁé%%%¥nétég€ag§9g6ﬁa%%? Ioa gs‘%ﬁ(;:cgjfco u Sso as to
surround so that it is possible to obtain a circuit breaker
capable of improving the breaking performance by the
suppression for the generation of arcs, simplifying the

~ structure and remarkably reducing the number of parts.

Thls Sheet Has B
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reversed to the direction of the current in the novable con
| ugs 28b, 27a, 29b are forned respectively to the inside of
grooves. The lugs 28b, 27a, 29b can reverse the current passi
directions to each other between the opposing fixed conductor
novabl e conductor, so that repul sive force can Qg exent ed bet
fixed and the nmovable contacts under the$bff@ct Gf t el ectr
force wupon passage,of a |l akge current (upon penefation of a
circuiting current)\Jo nmake the
remar kabl e effect of suppressing |t SR ot-t—eter-cft
| )

T

u

- 28 - the fixed contact such that the direction of the%cg

ithe U-Shay

6= i$as BEENT
tOr . 8Ndc |
haped-

ng

and the
ween t he
omagneti c
short
oviding a
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an opposed portion between the intermediate fixed contact HageliRFHapd-pBEBEEN §
nmovabl e contact base 5a in which the direction Bl of the cufrent oy i
in the novabl e contact base 5a and the direction B[err] of Thectorfrent ==
flowwng in the lug 27a are reversed to each other by the effect of the
U-shaped groove and the |lug disposed to the internedi ate fixed contact

base 27, to generate el ectronagnetic repulsive force. Further, in

addition to the U shaped groove, the current Ilmwtz. rep IS|on structure

may be consti al as shown in Fig. 12 by b internedi ate
fixed contact sk _?)

limtation). Fig. 11 shows a detail for the portion A Thej
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27 in a U shaped configuration, and reversing the di rectionTﬁ%_,gim.,__n_g,__ -
current flowng in the novable contact base 5a to the direc li W°Biiég?'J:1§§BEEN
the current flowing in the U shaped bent |ug 27a, thereby g fpghacED

el ectromagnet.i c repul sive force. A fourth enbodi nent according
the present invention will be explained with geference to Fig. 13. In
this enbodi nent, three novabl e cegductors 5&a,§5N ~Hana 55¢ l@nd t wo

i nternedi ate fixed conductors 578)_ 59b ereont ajn T’*n‘& bpox conprising a
casing 51-and a nold covem52. In, y hree pair of

contacts to inprove tBabresking : ot 01MS1i4r e i denti cal
wth those in the first e e S A flifith ¢ 2Jdriefft _accordi ng
to the present inventign wWll be axi it h iy f\r'ﬂ oy 14.
e \ .;‘I ) : ’lH)I . IC
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In this enbodi ment, the structure of the rotary nenber is
di sc-1i ke shape in other enbodinents into a rotary nenber
substantially X-shaped configuration. A rotational center 74a of ‘it-he ™~ 1
rotary nenber 74 is pivoted rotatably such as by bearings 4T, 24C Tike
that in other enbodi ments. The rotary nenber 74 has protrusions 74d, 74e
formed thereon for seizing the novable contact bases 5a and 5b. The
protrusion 74d is disposed at the back of the contacts 6 of the novable
- 30 - contact bases 5a and 5b while the protrusion 74e is disposed
on the sane side as the contact 6. The

8

FIG.
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deformation of each of the novable contact bases by the pregsure éﬁpgﬁagg
contact. For other portions, those in any one of the first tathe-fhird
enbodi nents may be used. A sixth enbodi nent according to the
present invention will be explained with reference to Fig. 15 to Fig, 22.
Fig. 15 shows a constitution of a circuit breaker in this enbodinent, Fig.
15 shows an ON state. The circuit breaker in this enbodi nent conprises, at
the inside of a box having a casing 101 and a nold cover 102, a fixed
contact base 111 as a first fixed conductor connected at one end to a
power source termnal 111-a and having at the other end a first fixed
contact 112-a, a conductor 11388 cond fixed conductor connected at
one end to a load terninal 113-Dy W\\g at the ot her

K
N Y/
N

e ————

protrusion 74d functions also as a backing nenber to preveng-ﬁggaHEETgASBEgN;]

FIG. 9
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end a second fixed contact 112-b, a novable contact base 1f L g .
first novabl e contact 106-a and a second novable contact 1 ggﬂgégngé %%FEN ﬂ
the first fixed contact 112-a and the second fixed contactill2-p =" ="~ :
respectively, a rotor 104 as a hol di ng nenber di sposed rotatably around a
rotational axis 104-b as a center for holding the

- 31 - novabl e contact base 105 such that the first novable contact
106-a and the second novabl e contact 106-b can be brought into contact

with and apart fromthe first fixed contact 112-a and the second fixed
contact 112-b, an operation handle 103 rotatably disposed in coaxi al
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with the rotational axis of the rotor 104 for effecting SFETTE A=
operation for the first novable contact 106-a and the seco;aTmmgste HAS BEEN 1,
contact 106-b, a current transforner 114 and an overcurrent detexﬁqih$uED '
circuit 115 as an overcurrent detection neans for detecting an —
overcurrent state in an electric path fromthe power source termnal 111-a

to the |load termnal 113-b, a trip wunit 116 as a tripping neans that

operates based on the output of the overcurrent detection neans, a t orsi on
spring 107 as an energizing means for energizing the rotor 104 in a

tripping direction and a hook 108 as an engga means for engaging the .
rotor 104 to the operat lg 103. S™MOFF operation of the
circuit breaker is condE??ih B? he operatipn handlfe 103 protrudi ng out of

the nmold cover 102. As shown-in Fig. 16, theg opergtijon handle 103 has an
handl e operation portion 103-a forned gq
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to an upper portion, a protrusion 103-c disposed therebelo =
rotation and, further, an extension 103-b extended further iwmhseaEd] HAS BEEN
groove - 32 - 103-d bei g di Spddeditd
the top end of the extension 103-b. The protrusion 103-c is—Frtted -
rotatably to the rotor 104. The rotor 104 is rotatably disposed around a
projection 104-b as a center, and the torsion spring 107 is provided to a
fitting portion between the handle 103 and the rotor 104, so that the

rotor 104 is energized to rotate clockw se A~ ' torot'qs.non spring 107 when

This Sheet Has Been RTIlaced




right top end of the rotor 104 like that in the operatio ramdt e 103, and
a groove 104-d is forned to the extension 104-c for at t adhi’ Ssgfhpq i
The hook 108 is pivotally supported by a pin 110. Further||_the &6

i's energized cl ockwi se as viewed from above by a spring 109. The hook 108
has driving portion 108-b forned at one end and a hook engagi ng portion
108-a fornmed at the other end. In a usual state, the hook engaging
portion 108-a protrudes fromthe groove 104-d toward the operation handle
103 being energized by the spring 109, and the rotor 104 is engaged to the
operation handl e 103 and operates rotationally together -with the operation
handl e 103. The rotor 104 has the novable contact base 105 having the
novabl e contact 106- a and 106-b al ong one of chords for a circle having
the rotational center 104-b as the center. The rotor 104 has a protrusion
104-a so as to cover a portion of a

FIG. 15
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- 33 - base end of the operation portion 103-a of the op Qe =
handl e 103 on the extension side. In this enbodi nent, Ietter'1@%h a jAzBEEN
i ndi cated on the protrusion 104-a such that the letters can = SLef- :Jlﬂf;:rz:
t hrough an opening for the handle in the cover 102 in the ON state.

Letters "OFF" are indicated on a base end 103-e of the operation handle

103 opposed to the extension of the operation portion 103-a, such that the

| etters can be seen through the opening for the handle of the cover 102 in

the "OFF" state. Further, letters "TRIP" are indicated on a base end

103-f of the operation handle 103 on the extension

T hlS Sheet Has Been RTi
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side of the operation portion 103-a, which are usually

covered with the protrusion 104-a of
seen through the opening for the handle of the cover 102 in the TBbE&“FD

the rotor

state by the novenent of the protrusion 104-a.

has a fixed contact 112-a attached at the other

t he conductor 113 has the | oad ternmninal

112-b are attached at positions-

FIG. 17

As
15, the fixed contact base 111 has the power source term nal

end. On

con
104 but the

EHILSSECEHAS BN ||

111-a
attached at one end, extends substantially in a Z-shaped configuration and

t he ot her
113-b di sposed atone end,
substantially in an L-shaped configuration and has the fixed contact 112-b

attached at the other end. The fixed contact 112-a and the fixed contact
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- 34 - opposing to the novabl e contacts 106-a and 106- th

pitch as the gguntigg pitch for the novable contacts. In F QﬂMESL?ZH'gHEBF:N
rotor 104 rotates clockwi se to open the contacts. For naki abIe__-—_
contacts 106-a, 106-b apart fromthe fixed contacts 112-a, 112-b by t he
rotation of the rotor 104, the novable contact base 105 nmay be attached to
a right-half portion in view of the center for one of chords of a circle
having a radius equal with a distance fromthe center as the

center 104-b of the rotor 104 substantially to the surface of the novable

contact 106-a. The longitudinal size of the novable contact base 105
(direction fromthe novabl e contact 106-a to 106-b) is set to less than
one-hal f length of the chord.

rot ati onal

FIG. 18
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At the inner surface of the cover 102, a protrusion 101-b is—forned for
abutment of the extension 103-b so as to stop the rotation oftihe:Handi&€pery J
103 upon ON to OFF transfer. The protrusion 101-b is not ijl il ustrat-eflrky J
Figs. 17 and 18. - The conductor 113 passes through tHFeEcarrentrmmm—me ]
transformer 114 between the fixed contact 112-b and the | oad term nal

113-b, by which current in the electric path fromthe power source

termnal 111-a to the load termnal 113-b is detected. Further, the
overcurrent detection circuit 115 is attached to the conductor 113,

-. 35 -
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and an output in accordance with the value of the main cir
the transfornmer 114 is inputted to

the overcurrent detecti nTmmﬁQHﬂﬁrkamﬁch;rj
When t he overcurrent detection circuit 115 detects the oveércurr@as AGED
generates an output for tripping and the

out put is supplied to a TFF{aRt=—""

116. For the trip wunit 116, a nagnetic tripping device or the-like is

generally used so that tripping can be conducted with |ess energy and, for
exanple, a unit of releasing a plunger attracted by a pernanent nagnet by
reverse excitation to protrude an actuator portion 116-a is wused. In this

enbodi nent, the actuator portion 116-a is

situated so as to abut agai nst

the driving portion 108-b of the hook 108. Further, a spring 130
is mounted to the handle 103 for snap action upon ON, OFF operation and
the other end of the spring 130 is caught on the protrusion 101-a

e

FIG. 23
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of the casing -101. Fig. 17 shows the OFF state of t circuit

breaker in this embodiment. OFF operation is conducted by turkpgsdemn tBecey
hand e operation portion 103-a rightwardly fromthe state shpwn | geli@oen -
15. When the handle operation portion 103-a is turned ri ght werdbyr—the

entire novable portion showmn in Fig. 16 such as the handle 103, the rotor

4 and the hook 108 rotate - - 36 -

cl ockwi se around the protrusion 104-b of the rotor 104 fitted to the
casing 101 as the center of rotation. By the rotation of the handle 103,
t he upper end of the

—~120
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spring 117 noves rightwardly and, when the center |ine T%hgqﬁggrngsIEEN
goes beyond the center of the protrusion 104-b of the r :

j tefiee L IUEIDS €
novabl e portion rotates quickly only by the resiliency w

of the spring force. Wien the rotation of the novable portion further
proceeds, the handle portion 103-b abuts against the protrusion 101-b of
the casing to stop the rotation. Fig. 18 shows a TRI P state of
the circuit breaker of this enbodinment. The current of the main circuit
is detected by the current transforner 114 and the output thereof is
transmtted to the overcurrent detection circuit 115. |If a current
exceeding a rated current flows to the main circuit, the value of the

overcurrent is judged by the overcurrent detection circuit 115 and a
trigger of a characteristic defined in a reverse tinme manner is sent -as an
output for tripping

FIG. 25
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fromthe overcurrent detection circuit 115 to the trip unlt, hﬁmsEh?rTHAbB”&N
actuator portion 116-a of the trip unit 116 pops out by the| rlgggmggmégo :

pushes the driving portion 108-b of the hook 108. Fig. 19 to~Fg—=22=sho o
t he operation of the hook 108. Fig. 19 and Fig. 21 show
- 37 - the state of the hook 108 in the ON, OFF state of the circuit

breaker. Fig. 19 shows the state of the hook 108 on the rotor 104 and Fig.
21 shows the engaged state between the hook 108 and the groove 103-d of
the handle. 1In this state, since the driving portion 108-b undergoes no
pressing of the actuator portion 116-a, the hook

AG. 26
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[ : .
~endadt ng portion 108-a protrudes fromthe groove 104-d of tHemetaczd@4Tasizat
shown in Fig. 19 and engages the groove 103-d of the handl e jas shown in

Ffg. 21. The pin 110 is not illustrated in Fig. 19 and the r{bDafe 1(01650(:“9%
not illustrated in Fig. 21. Fig. 20 and Fig. 22 show the state—sf=the—heok—-
108 in the TRIP state of the circuit brkaker. Fig. 20 is a view show ng

the state of the hook 108 on the rotor 104, and Fif. 22 shows an engaged

state between the hook 108 gRd the groove {0358 of thg handle. If an
overcurrent fl ows, t@sldrivi‘]‘ug PO e 5 S urged by

the popping out actuator pofiiq = An t he

direction opposite to the g_né[ﬁg[';_z_j_;_j Fectiontor] (1 “ar ound
the pin 110 as the 'g\t i ohal™ cvenf;é_ h |- ( Nojl ptlel cl ockwi sd¥gs viegded from
above) as shown in 2 K he Mkt ' aves the
groove 103-d of thddgandie as &t AN T
o BECEIGER - LN !
BT e 25 L
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[
/ \
~




3

bet ween the handl e 103 and the rotor 104 is rel eased Subse LFEERUA)BEMmHSHEET
rotor 104 rotates clockw se by the

florce of the spring 130 around the fitting portion W|th t hej fDamjieﬂ B QCT 19%5..
protrusion 103-c as the rotational center, by which the nov :
106-a, 106-b |eave the fixed contacts Jr]zz a, 112-b to provide a

contact-open state thereby breaking the—etscuit. In this case, since the
rotor 104 can operate in the tripping direction independently of the

operation of the operation handle 103, tripping c%g éuct ed if the
ai

operation handIF/GWSj | ocked in the ON state, trip free
R L
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¥

circuit breaker. - Further, the protrusion 104-a nove ALsS, .tase —
only by the rotation of the rotor 104 and concealed letters '%FE"EQTE&TH%*E&T

base end 103-f of the operation handl e 103 are indicated thrgg%h grB DCT'BSS-

openi ng (edges) for the handle of the cover 102. R
enbodi ment, it is possible to remarkal3y - decrease the nunber of parts for

t he mechani cal portions and irrpr%(imenf of j:hetuagegbl ang performance and,
pProd

further remarkabl e reduction of t t St artbes adtgined. Further,
i mprovenent of the reliabiljpy of h& proyuc dL}e t\) j\he.d ase for the
nunber of parts can ap&Q be\att ai NefieEELs FPEAFL44(] br eaker in
a seventh enbodi nent accor e W 1 nveRti/ofyfy TbE expl ai ned
with reference to Fig. 23 tjo Fig. 2§ g i hid —N
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- 39 - Is to be applied for a type of relatively Iérgé St b dRFAsHEET || -
frane to 400A frane). Fig. 23 and Fig. 24 show anjlentire '

~ Constitution and a constitution for a main portion in the cbgﬁgngQJQQIJSQEH
whi ch contacts are closed, respectively. The ci r cli-b=hrealker—in

this enbodi nent conprises a fixed comffact base 211 as a power source side
first fixed conductor, a conductor 213 as a |oad side second fixed
conductor, a fixed contact base 207 as an internediate fixed conductor

i nt erposed between the first fixed conductor and the second fixed
conductor, a novable contact base 205 as a first novabl e conductor




di sposed between the fixed contact base 211 and a fixed cdntagf,Dase. Q@ et
a, novabl e contact base 206 as a second novable conductor _iébosea“béiméén
the fixed contact base 207 and the conductor 213, and a rq g,gteZ(mBasﬂlH]gSS
hol di ng nmenber rotatably disposed for holding the novable '

205, 206. Further, it conprises a heat8& 122 and binetals 125, and a fi xed
core 123 and a novable core 124 as af OvVercurrent detection neans for
detecting an overcurrent state in an electric path from the fixed contact
base 211 to a conductor 213, and a hook 208 as a tripping nmeans that
operates based on the output of the -overcurrent detection neans, in which
the rotor 204 operates in a tripping.direction independently"

- 40 - :

FIG. 9




¥

of the operation of the operation handl e 230 upon - operati off REFLIACEMENT SHEET
tripping nmeans. The handle 230 is reinforced with handl g Beﬂsq‘ 1995
117 nmade of netal in view of the |arge operating force of baege-sl.ze
device, in which an U shaped groove 117-a of the handle le
protrusion 118-a of the fixed frame 118-as the base for attaching the
mechani sm portion and rotates around +kRe—-protrusion 118-a as a rotational
center. Further, a hook 208 is supported at a hole 208-a of the hook by a
pin to the fixed frame 118 and nade rotatable. Further, a hook top end
208-b engages a trip nmetal 119. The trip netal 119 is supported by a pin
to the fixed frame 118 and nmade rotatable |ike that the hook 208. The
other end of the trip netal 119 engages an interlock plate 120. The trip
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metal 119 and the interlock plate 120 are energized clockwisg. SRR et i
132. Further, the rotational center 204-a of the rotor 204I thx%é%@g'{'gé@ﬁﬁ
fixed frame 118, and a novabl e contact base 205 having two g@bl@ﬁUCTIQQS
contacts 112-a, 112-b and a novabl e contact base 206 havi ndlaeyable 77
contacts 112-c, 112-d attached, respegtively, on each of the ends are
nounted to the rotor 204 so as to abut—against the fixed contacts 112
attached to the fixed contact base 211 and the second fixed contact base
207. - 41 - The fixed contact
112-d attached to the top end

FIG. 11
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of the conductor 213 abuts agai nst the novabl e cont act 106- | Bt p; g dros HEET
end. The other end of the conductor 213 is joined with the pjeater 122 and
the other end of the heater constitutes a | oad side tern na m@g,_nm[}ﬂ,_m&_
Further, a fixed core 123 and the novable core 124 are disp :
surround the conductor, binetals 125 af8e joined to the heater 122.and an

adj usting screw 126 is attached to the—top end of the binmetals 125.

Further, a spring 130 is engaged between the handle |ever 117 and the

rotor 204. Furt her, NS i nk
by the | ever 133. Then, N . whi ch t he
contacts are open. For the OFF operaty N\ . S operated
rightwardly in the same nanner as i ; 204

rotates clockw se tQ<Fpen t he cont g
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ety

Fig. 26 shows a TRIP stataf‘ﬁ@;a@hy%uraﬁ'ET
overcurrent flows in the nmain circuit,

the binetals 125 @re heated by the
. heater 122 to distort the binetals 125 by a current in a mgLngﬂnﬂéﬁi
or the novable core 124 is attracted by the fixed core 1 fert

L-B——Sr
circuit current region, by which the +%terlocking plate

- 42 - 120 is rotated countercl eekwmr se to di sengage fromthe trip
metal 119, and the trip netal 119 rotates also clockwi se. By the rotation,
-engagenent with the hook top end 208 is released and the hook 108 rotates
around

" t he spring 130. 'Then AT

L_,.,_,
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208-a as the center, and the rotor 204 rotates clockwi se by &8 a
Lhat connects the hook 208 with the rotor 204, to open the c%n?%%ﬁﬁﬁé%ﬁ AR
handl e 230 and the handle lever 117 rotate rightwardly aro NBat hq

protrusion 118-a of the fixed frame 118 as the center, abu ot . 0L 19%5..

protrusion 208-b of the hook, and stop-1®etween ON and OFF positions and
the handl e 230 indicates TRI P display-at.a neutral position. Thi s
enbodi ment has a structure suitable to a circuit breaker of a relatively

| arge capacity and, since the overcurrent detection systemis nmechanical,

It can be constituted at a relatively reduced cost. Further, since it is
of a four-contact system high breaking perfornmance can be attai ned.




- 43 - WHAT IS CLAIMED I S - 1. A circuit'breakeﬂ TR RCENMEY TRHEET
first fixed conductor on a power source side, a second fix con@st acT

4 load side, an internediate fixed conductor interposed bet t.he. first. o
fixed conductor and the second fixed conductor, a first nov —
di sposed between said first fixed conder-or and said internediate fixed
conductor and a second novabl e condueter di sposed between said
internedi ate fixed conductor and said second fixed conductor.

A circuit breaker as defined in claim11l, wherein an opening/closing
mechani smis provided for opening/closing, respectively, said first and
said second novabl e conductors between said first fixed

4

2.
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@

conduct.or and said i ntermedi ate fixed conductor and between %?r
internmedi ate fixed conductor and said second fixed conductojf SuUb

ACEEN) $HE
si nul t aneousl y. 3. Acircuit breaker as defined in #laj 20 6 0CT 1995
wherein said first and sai d second novabl e conductors are altached &3cH=in "

—

a electrically insulated state to a hdi2ding nenber nade of a substantially

I nsulative material, and sai d openi rget0si Ng nmechanismis adapted such

that said novabl e conductor is rotated by rotating novenment of said
hol di ng menber around a rotational axis

-44- t hereby effecting opening/closing operation bet ween each

FIG. 18
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2

of the fixed conductors and said npvabl e conduct ors. : ntpuaggugumgﬂcsr
breaker conprising a first fixed conductor on a power sourcg side,

second fixed conductor on a |load side, one or nore (by the ‘umh@r @fﬁ ﬂ§T1995 }
of the internediate fixed conductors interposed between thel¥ ESSCUEEES e
conductor and the second fixed conduct®3-and one or nore (by the nunber of

Ntl) of novabl e conductors di sposed between each of said fixed

conduct ors. . 5. Acircuit breaker conprising a box, a novable
conductor rotating around a rotational axis in said box, a power source

side first fixed conductor opposed to one end of the novable conductor, a

| oad side second fixed conductor opposed to the other end of said novable
conductor, contact portions g sposed near the side edges for each of
conductors so as to electrlcggly connect said first fixed &bnductor, said
nmovabl e

FG. 19
FIG. 20




-

conductor and said second fixed conductor in series, and
ppeni ng/ cl osi ng operation neans for rotating said novable
to conduct opening/closing for each of said contact porti ht )
si mul t aneously, in which said opening/closing operation neans—is providad
wi th an operation | ever extended from ¢ke top surface of said box tomard
out si de of the box. _ - 45 -

6. Acircuit breaker as defined in claim5, wherein said novable conductor

I s disposed at a position spaced apart fromsaid rotational axis such that
no electric conductor is disposed near said rotational

n REPLAC;MFNT SHEET
onduct

FIG. 23
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axi s. 7. Acircuit breaker conpr|5|ng a flrst flxed
a power source side, a second fixed . conductor on a load sid REPmuMH%$&:SHEET
conductor di sposed between said first fixed conductor and s id sec q?

fixed conductor, a holding nenber for holding the novabl e omﬂactﬁ. QSJ‘EBS
operation handle for effecting -opening/clasing operation fof S
path fromsaid first fixed conductor to-said second fixed conductor, an
overcurrent detection neans for detecting an overcurrent state in sai d

el ectric path and a tripping nmeans that operates based on the output of

the overcurrent detection nmeans, in which said holding nenber is operated

in atripping direction independently of the operation of said operation
handl e upon operation of the tripping neans. 8. Acircuit breaker

conprising a first fixed
FIG. 24
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conductor on a power source side, a second fixed conduCtbrF$%%§§?§% Srge s
a internediate fixed conductor disposed between said first
sed b Be8T 1995 l

and second fixed conductor, a first novable conductor dis

said first fixed conductor and said internediate [ 7T e
- 46 - fixed conductor, a secon<igovabl e conductor di sposed

bet ween said internediate fixed conductor_and said second fi xed

conductor, an operation handle for ef fecting opening/cl osing operation

for an electric path fromsaid first fixed conductor to said second flxed
conductor, an overcurrent detection neans for detecting
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an overcurrent state in said electric path and a trippi rghﬁgéﬁgewﬁEfFSHEET
oper ates based on the output of the

-overcurrent detectidh neang,ai b I
. sai d hol di ng menber operates in a tripping direction ind eP@WdQ@rt@;ﬁr&mm '
t he operation of said operation: handl e upon operation of he trippl ng
means. : -17- : :
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ABSTRACT

CIRCUIT BREAKER

The Present Invention provides a circuit breaker with improved breaking performance
by sui)pressing the generation of arcs and simplified structure capable of reducing the number
_ of parts of remarkably.

| _ The circuit breaker comprises a first fixed coﬂductor on a power source side, a second

fixed coﬁductdr on a load _side3 an intermediate fixed conductor interposed between the first
and second fixed conductors, a first moveable ogndﬁctor disposed between the first fi:g,ed'___._ L
6onductor and the intermediate fixed <.:ox_1du_ctor, a second movable conductor 'disposed
between the intermediate fixed _cqnductor énd the second ﬁxed.wnduct'or,. an opening/closing
mechanism, current -detectix.\g' means, and tripping means. I

A serial electrical path is.constituted in the circuit breaker, and the opening/closing
mechanism opens the first and second movaﬁle conductors substantially simultaneously,

which effectively suppresses generation of arcs in case of overcurrent.

(FIG 1)




