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(54) Circuit breaker and manufacturing method therefor

(57) The present invention has an object to provide
a circuit breaker and an assembling method thereof, in
which constituent units are inserted into a case (100)
sequentially in one and same direction so as to improve
the efficiency in automatic assembling. In the invention,
an internal mechanism of a circuit breaker is divided into
blocks or units of an arc-extinguishing chamber unit

(400), a switching mechanism portion unit (500), an
overcurrent tripper unit (600) and a manually operating
handle (300), so that the respective units are inserted
and assembled into a molded case sequentially in one
direction to manufacture the circuit breaker. According
tothe invention, it is possible to provide a circuit breaker
and an assembling method thereof in which the efficien-
¢y in automatic assembling can be improved.
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Description

The present invention relates to a circuit breaker in
which respective constituent parts are formed as units,
and particularly to a circuit breaker in which respective
units are configured to be able to be inserted and incor-
porated into a molded case sequentially in one direction
preferably to improve the efficiency of automation in as-
sembling.

Further, the present invention relates to a manufac-
turing method of a circuit breaker in which respective
constituent parts of the circuit breaker are formed as
units so as to realize automation in assembling, and par-
ticularly to a manufacturing method of a circuit breaker
in which respective constituent units are all incorporated
in one direction of a product along the open direction of
a cover.

A conventional circuit breaker is constituted by
numbers of parts. For example, as disclosed in Fig. 1 of
JP-A-4-190521, a conventional circuit breaker is consti-
tuted by a single mechanism in which individual parts
are assembled with each other directly. Accordingly, as-
sembling operation both in the right and left direction
and in the up/down direction is required in assembling,
and it is therefore difficult to realize automation in as-
sembling a circuit breaker.

Further, a circuit breaker constituted by standard
unipolar units is disclosed in JP-A-5-217489, in which
assembling operation both in the right and left direction
and in the up/down direction is required in assembling,
so that the circuit breaker is not sufficiently suitable for
automation in assembling.

The present invention seeks to provide a circuit
breaker which may be divided into blocks as units so as
o be suitable for automation in assembling, and config-
ured in such a manner'that the respective units can be
inserted and incorporated into a molded case sequen-
tially in one direction so as to improve the efficiency of
automation in assembling.

The present invention also seeks to provide a man-
ufacturing method of a circuit breaker in which respec-
tive parts of a circuit breaker may be united into units,
and all the respective units are sequentially inserted and
incorporated in a molded case in one direction along the
open direction of a cover so that the efficiency of auto-
mation in assembling is improved.

In order to attain the foregoing objects, the present
invention provides a circuit breaker which is divided into
blocks of a molded case, a cover, an arc-extinguishing
chamber unit, a switching mechanism portion unit, an
overcurrent tripper unit and a manually operating han-
dle. Preferably the arc-extinguishing chamber unit, the
switching mechanism portion unit and the overcurrent
tripper unit are assembled as units in advance so that
the respective units can be sequentially inserted and in-
corporated in the molded case in one direction.

In a preferred embodiment, the overcurrent tripper
unit has a current transformer (hereinafter abbreviated
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to "CT") for detecting a current flowing in each phase,
and a core of the CT is divided into a U-shaped lower
fixed core unit and an I-shaped upper fixed core.

Further, the present invention may provide manu-
facturing method of a circuit breaker which is divided into
blocks of a molded case, a cover, an arc-extinguishing
chamber unit, a switching mechanism portion unit, an
overcurrent tripper unit and a manually operating han-
dle. The arc-extinguishing chamber unit, the switching
mechanism portion unit and the overcurrent tripper unit
are assembled as units in advance, and in which the
core of a CT of the overcurrent tripper unit is divided into
a lower fixed core unit and an upper fixed core. The re-
spective units are incorporated in the molded case in
one direction along the open direction of the cover in the
order of the lower fixed core unit of the CT, the arc-ex-
tinguishing chamber unit, the switching mechanism por-
tion unit, the manually operating handle, the overcurrent
tripper unit, and the cover.

Furthermore, the present invention may provide
manufacturing method of a circuit breaker which is di-
vided into blocks of a molded case, a cover, an arc-ex-
tinguishing chamber unit, a switching mechanism por-
tion unit, an overcurrent tripper unit and a manually op-
erating handle. The arc-extinguishing chamber unit, the
switching mechanism portion unit and the overcurrent
tripper unit being assembled as units in advance. The
core of a CT of the overcurrent tripper unit is divided into
a lower fixed core unit and an upper fixed core, so that
in total assembling, all the respective units are incorpo-
rated in the molded case in one direction along the open
direction of the cover.

The following effects may be obtained according to
the present invention.

(1) Mechanization of automatic assembling is made
easy by making the respective parts be units.

(2) Mechanization of automatic assembling is made
easy because of the structure in which all the units
can be incorporated in the state in which the cover
is open.

(3) A machine for automation in assembling can be
operated in one direction which is the gravitational
direction, so that it is possible to simplify the assem-
bling machine to thereby improve the reliability.

(4) Specification can be changed easily between an
electronic overcurrent trip system and a mechanical
overcurrent trip system because of the structure in
which the respective parts are made to be units.

In the drawings

Fig. 1 is a plan view illustrating the outline of a circuit
breaker in a first embodiment of the present inven-
tion;

Fig. 2 is a sectional side view illustrating the config-
uration of the circuit breaker in the first embodiment
of the present invention;
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Fig. 3 is an exploded perspective view illustrating
the directions in which respective unit parts of the
circuit breaker in the first embodiment of the present
invention are attached;

Fig. 4 is an exploded perspective view illustrating
the state in which a CT lower fixed core of the circuit
breaker in the first embodiment of the present in-
vention is attached to the molded case;

Fig. 5 is an exploded perspective view illustrating
the state in which the arc-extinguishing chamber
unit of the circuit breaker in the first embodiment of
the present invention is attached to the molded
case;

Fig. 6 is an exploded perspective view illustrating
the state in which a switching mechanism portion
unit of the circuit breaker in the first embodiment of
the present invention is attached to the molded
case;

Fig. 7 is an exploded perspective view illustrating
the state in which a manually operating handle of
the circuit breaker in the first embodiment of the
present invention is attached to the molded case;
Fig. 8 is an exploded perspective view illustrating
the state in which an overcurrent tripper unit of the
circuit breaker in the first embodiment of the present
invention is attached to the molded case;

Fig. 9 is an exploded perspective view illustrating
the state in which a cover of the circuit breaker in
the first embodiment of the present invention is fall-
en down and thereby attached to the molded case;
Fig. 10 is an exploded perspective view illustrating
constituent parts and their assembling directions of
the switching mechanism portion unit of the circuit
breaker in the first embodiment of the present in-
vention;

Fig. 11 is an exploded perspective view illustrating
constituent parts and their assembling directions of
the overcurrent tripper unit of the circuit breaker in
the first embodiment of the present invention;

Fig. 12 is an exploded perspective view illustrating
constituent parts and their assembling directions of
the arc-extinguishing chamber unit of the circuit
breaker in the first embodiment of the present in-
vention;

Fig. 13 is an exploded perspective view illustrating
constituent parts and their assembling directions of
an arc-extinguishing chamber unit of a circuit break-
erin a second embodiment of the present invention;
Fig. 14 is a perspective view illustrating an example
of assembling method of the circuit breaker in the
first embodiment of the present invention;

Fig. 15 is a block diagram of an electric circuit of the
circuit breaker in the first embodiment of the present
invention; and

Fig. 16 is a CT output characteristic diagram of the
circuit breaker in the first embodiment of the present
invention.
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Embodiments of the structure and assembling
method of a circuit breaker according to the present in-
vention will be described below with reference to the
drawings.

A structure and an assembling method of a circuit
breaker in a first embodiment of the present invention
will be described with reference to Figs. 1to 12, Fig. 14
and Fig. 15.

The circuit breaker of this embodiment shown in
Fig. 15 has a current transformer (hereinafter abbrevi-
atedto "CT") 750 for detecting a current flowing in a con-
ductor 1 of an electric circuit, a signal processor 619 for
controlling a trip operation on the basis of a current value
detected by this CT 750, and a trip unit 621, the parts
750, 619 and 621 being received in a case 100.

In this embodiment, the circuit breaker is divided in-
to blocks of the molded case 100, a cover 200, an arc-
extinguishing chamber unit 400, a switching mechanism
portion unit 500, an overcurrent tripper unit 600, and a
manually operating handle 300. The arc-extinguishing
chamber unit 400, the switching mechanism portion unit
500 and the overcurrent tripper unit 600 are configured
as units in advance so that the respective units can be
sequentially inserted and assembled in the molded case
100 in one direction.

Fig. 1 is an outline plan view of the circuit breaker
according to this embodiment viewed from its top. Fig.
2 is a sectional side view along line II-Il passing through
the center poles in Fig. 1.

In the circuit breaker according to this embodiment,
an internal mechanism for breaking circuits is received
in the molded case 100, and covered with the cover 200.
The molded case 100 and the cover 200 protects the
internal mechanism received inside, from foreign sub-
stances, dusts and so on, in a state where the molded
case 100 and the cover 200 are combined as a body
case, and, at the same time, they prevent a charging
portion from being exposed so as to improve safety for
an operator against a circuit breaker. The internal mech-
anism is constituted by a plurality of unit parts, that is,
the arc-extinguishing chamber unit 400, the switching
mechanism portion unit 500, the overcurrent tripper unit
600, and the current transformer (hereinafter simply ab-
breviatedto "CT") 750. Incidentally, although the CT 750
is used because the signal processor 619 for detecting
overcurrent by using an electronic circuit is used in the
overcurrent tripper unit 600 in this embodiment, the CT
750 cannot be used in the case of an overcurrent detec-
tor using a bimetal or oil dash-pot relay.

In this embodiment, the overcurrent tripper unit 600
has a relay unit case 622 in which the signal processor
619 and a part of the CT 750 are received. The signal
processor 619 is constituted by a micro-computer and
other electric parts which are mounted on a circuit board
and electrically connected so as to perform predeter-
mined functions. A coil 620 and a trip unit 621 of the CT
are also electrically and mechanically connected to this
circuit board through lead wires. A current of each phase
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detected by the CT 750 is supplied to the signal proc-
essor619. The signal processor 619 judges whether the
current value exceeds a predetermined level or not.
When the current value exceeds the predetermined lev-
el, the signal processor 619 supplies a trip signal to the
trip unit 621 connected to this signal processor 619. The
trip unit 621 converts this trip signal into a mechanical
output.

In this embodiment, the CT 750 is divided into the
CT coil 620 constituted by a winding wound on a hollow
bobbin, a U-shaped lower fixed core unit 700, and an I-
shaped upper fixed core 701, so that the CT 750 can be
assembled automatically. The CT coil 620 is electrically
connected to the signal processor 619 in the relay unit
case 622, and the upper fixed core 701 is inserted into
the bobbin of the CT coil 620. In the CT 750, therefore,
the CT coil 620 and the upper fixed core 701 are re-
ceived in the relay unit case 622. At this time, the upper
fixed core 701 is held in the bobbin of the CT coil 620
or the relay unit case 622 so as to be opposite to the
bottom side of the U shape of the lower fixed core unit.

The division of the core of the CT 750 is not limited
to this, and both the upper fixed core and the lower fixed
core unit may be L-shaped and disposed point-symmet-
rically with each other so as to form a rectangular or
square core. In addition, the upper fixed core may be U-
shaped and the lower fixed core unit be |I-shaped, so
that they are combined to form a rectangular or square
core. In the former, the bobbin of the CT coil 620 is at-
tached to one of the horizontal and vertical sides of the
L shape of the upper fixed core, and in the latter, the
bobbin of the CT coil 620 is attached to one of two ver-
tical sides of the U shape of the upper fixed core.

The process to assemble the overcurrent tripper
unit 600 will be explained with reference to Fig. 11.

In the overcurrent tripper unit 600 in this embodi-
ment, respective parts are inserted and assembled into
the relay unit case 622 from above in Fig. 11. The circuit
board is inserted into the relay unit case 622 in the state
in which the coil 620 and the trip unit 621 of the CT are
attached on the circuit board in advance. An opening
portion 623 (only the right side opening is shown in Fig.
11) and a lock portion of the upper fixed core 701 are
formed in the lower portion of each side of the relay unit
case 622 put in a state as shown in Fig. 11. When the
upper fixed core 701 of the CT is inserted through this
opening portion 623, the upperfixed core 701 is inserted
into the bobbin of the CT coil 620, and, at the same time,
the opposite ends of the upper fixed core 701 are locked
to the relay unit case 622, so that the CT coil 620 and
the upper fixed core 701 are attached to the relay unit
case 622. Consequently, the signal processor 619, the
CT coil 620 and the trip unit 621 are stored in the relay
unit case 622 integrally. In this embodiment, the respec-
tive constituent parts are assembled only in one direc-
tion in steps other than the step of inserting the upper
fixed core 701 of the CT. Accordingly, assembly can be
made by falling down parts from above.
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The configuration of the attachment portions of the
CT core 620 and the upper fixed core 701 to the relay
unit case 622 is not limited to this embodiment. The con-
figuration may be changed such that the circuit board
connected with the CT coil 620 to which the upper fixed
core 701 is attached in advance is attached to the relay
unit case 622. In this case, the structure and shape of
the opening portion 623 and the lock portion of the upper
fixed core 701 are changed suitably so that the upper
fixed core 701, on which the CT coil 620 is mounted only
by inserting the upper fixed core 701 from above, is
locked by forming an elastic projection, and so on. With
such a configuration, the respective constituent parts
can be assembled only in one direction, so that assem-
bly by falling down parts from above can be realized.

In addition, the lower fixed core unit 700 is disposed
on the bottom portion of the molded case 100, and the
upper fixed core 701 is disposed above the lower fixed
core unit 700. The CT coil 620 is attached to this upper
fixed core 701, and the CT coil 620 is integrated with the
circuit board of the signal processor 619. Therefore, it
is not necessary to carry out wiring onto the CT coil 620
when the CT 750 is mounted, whereby the workability
is improved. In other words, in this embodiment, it is pos-
sible to provide CTs 750 suitable for automation in as-
sembling of a product.

That is, in such a circuit breaker in which timing
characteristic is controlled by the signal processor 619
using a micro-computer as in this embodiment, a current
value of any one of the three phases of an electric circuit
can be calculated from current values of the other two
phases so long as the use condition is an ordinary one,
and, therefore, only two CTs 750 are used herein to
thereby decrease the number of parts. Although the
three-pole circuit breaker for a three-phase AC circuit is
described in this embodiment, the present invention is
not limited to this embodiment, but it may be applicable
to a circuit breaker for a polyphase AC circuit having the
signal processor 619 using a micro-computer and hav-
ing the CTs 750 the number of which is less by one than
the number of the phases of the circuit. Further, in the
case of a single-phase circuit, the present invention may
be applicable to a circuit breaker using only one CT 750.
Further, in the case of a three-phase four-pole circuit
breaker having a neutral line, it will do to provide CTs
750 in any two of the three poles in each of which a
phase current flows.

In the case where the number of phases of a poly-
phase AC circuit is odd, CTs 750 the number of which
is less by one than the number of the phases are pro-
vided in poles, except a central pole, through which
phase currents flow. In this embodiment, the CTs 750
are disposed in two of the three poles except the central
pole as shown in Figs. 3 and 11. Also in the case of the
three-phase four-pole circuit breaker having a neutral
line, the CTs 750 are disposed in two of the three poles,
except a central pole, in which phase currents flow. In
this way, since the weights of both the right and left sides
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of the central pole are balanced with each other, the cir-
cuit breaker can be stably mounted on a control panel
or the like.

An output characteristic of the CT 750 will be ex-
plained with reference to Fig. 16. Fig. 16 shows the out-
put characteristic of the CT 750 while the abscissa axis
represents a conduction current in the conductor 1, and
the ordinate axis represents an output current of the CT
750. In this embodiment, the CT 750 is configured to
use only one CT coil 620. As a result, in this embodi-
ment, the output current tends to be saturated earlier in
the region where the conduction current is large as in-
dicated by an output characteristic curve A in Fig. 16.
The output current is saturated with a conduction current
smaller than that in the case of an output characteristic
curve B in which a current is detected by using two CT
coils 620 in the conventional case as disclosed, for ex-
ample, in JP-A-5-135683.

That is, although the region where the output cur-
rent proportional to the conduction current can be ex-
tracted is narrowed, there is no problem in practice since
the detected current value can be corrected by arithme-
tic operation based on the characteristic curve of the CT
750 in the case of using a micro-computer for controlling
the timing characteristic like in this embodiment.

Although the overcurrent tripper unit is constituted
by using an electronic circuit in this embodiment, the
present invention is not limited to this embodiment, but
it may be applicable to an overcurrent tripper unit in
which a bimetal or oil dash-pot relay is used to generate
a mechanical output at the time of overcurrent. In this
case, since it is necessary to make a load current flow
in the bimetal or oil dash-pot relay, and therefore the bi-
metal or oil dash-pot relay is configured to be electrically
connected in series between the load side of the arc-
extinguishing chamber unit 400 and the load side termi-
nal of the same.

Fig. 3 is an exploded perspective view illustrating
the shapes of respective units when the internal mech-
anism of the circuit breaker according to the present in-
vention is constituted by unit parts. Fig. 3 also shows
the order of assembling of the units.

As shown in Fig. 3, the molded case 100 is formed
into a substantially rectangular shape, and one side sur-
face thereof becomes a bottom face for preventing the
received internal mechanism from coming off and for en-
suring electric insulation of the internal mechanism. An
opening portion 100a for receiving the internal mecha-
nism therefrom is formed in the surface opposite to the
bottom surface of the molded case 100. A groove por-
tion 101 for receiving the lower fixed core unit 700, a
plurality of spaces 102 defined by section walls 103 for
respectively receiving the arc-extinguishing chamber
units 400 corresponding to a plurality of poles, and a
space 107 defined by walls for receiving the overcurrent
tripper unit 600 are formed in the molded case 100. In
each of the section walls 103, a wall notch portion 104
for receiving a rotary shaft 439 for coupling movable
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contact bases 431 disposed in adjacent arc-extinguish-
ing chamber units 400, and groove portions 105 and 106
for receiving an insulation wall 601 extended from the
overcurrent tripper unit 600 are formed.

In this embodiment, as shown in Fig. 12, arc-extin-
guishing chamber units 400 for respective phases are
formed by making contact portions and arc extinguish-
ers be units. Specifically, each arc-extinguishing cham-
ber is formed in combination of an arc-extinguishing unit
case 425 and an arc-extinguishing unit cover 424. A ro-
tatably provided movable contact base 431, a pair of
fixed contact bases 426 and 427, and a pair of arc
shoots 428 are received in this arc-extinguishing cham-
ber, so that the contact portion and the arc extinguisher
are united as one arc-extinguishing chamber unit 400.

The structure and assembling method of the arc-
extinguishing chamber unit 400 for one phase will be
explained specifically. The arc-extinguishing unit case
425 and the arc-extinguishing unit cover 424 are con-
figured so that they can be combined to form a substan-
tially rectangular arc-extinguishing chamber. The arc-
extinguishing unit case 425 and the arc-extinguishing
unit cover 424 are formed of insulating substances hav-
ing an enough strength to endure pressure of arc gas in
breaking respectively. As the insulating substances spe-
cifically thermosetting resin such as polyester, phenol,
epoxy; ceramic; or the like may be used. These materi-
als are larger in heat resistance and mechanical
strength than thermoplastic resin such as nylon or the
like used for the molded case 100 and the cover 200.

The movable contact base 431 has a rotation cent-
er, and has two movable contact points 432 disposed in
point-symmetrical positions with respect to this rotation
centerand connected in series electrically. A positioning
hole is provided at the rotation center of the movable
contact base 431, and a projection formed at the rotation
center of a movable contact point protecting cover 430
is fitted into this positioning hole, so that the movable
contact point protecting cover 430 is attached onto one
side surface (lower side surface in Fig. 12) of the mov-
able contact base 431. A movable contact point protect-
ing cover 429 is attached onto the other side surface
(upper side surface in Fig. 12) of the movable contact
base 431. The projection formed at the rotation center
of the movable contact point protecting cover 430 is
passed through the positioning hole of the movable con-
tact base 431 so as to be inserted into a positioning hole
formed at the rotation center of the movable contact
point protecting cover 429. Consequently, the movable
contact base 431 and the movable contact point protect-
ing covers 429 and 430 are combined integrally to there-
by constitute a movable contact unit 460. The movable
contact point protecting covers 429 and 430 may be
formed of thermosetting resin such as polyester, phenol,
epoxy; ceramic; and so on.

The fixed contact base 426 is formed in the shape
of a question mark, i.e. "?". Apower supply side terminal
is formed in the portion corresponding to the lower-side
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straight line portion at one end of the "?" shape, and a
fixed contact point 433 corresponding to one of the mov-
able contact points 432 of the movable contact base 431
is provided in the portion corresponding to the folded
inside top end at the other end of the "?" shape. A ter-
minal screw 490 for clamping an electric wire is attached
to the power supply side terminal. The fixed contact
base 427 is also formed in the shape of "?". A load side
terminal is formed in the portion corresponding to the
lower-side straight line portion at one end of the "?"
shape, and a fixed contact point 433 corresponding to
the other movable contact point 432 of the movable con-
tact base 431 is provided in the portion corresponding
to the folded inside top end at the other end of the "?"
shape. A terminal screw 490 for clamping an electric
wire is also attached to the load side terminal.

Since the fixed contact points 433 corresponding to
the respective movable contact points 432 are provided
in this embodiment, it is possible to abolish flexible con-
ductors used conventionally.

As for the movable contact point protecting covers
429 and 430 of the movable contact unit 460, the rota-
tion center portions on their sides opposite to their sides
facing the movable contact base 431 are exposed from
connection holes 424a and 425a formed in the arc-ex-
tinguishing unit cover 424 and the arc-extinguishing unit
case 425 respectively. The movable contact unit 460 is
held rotatably between the arc-extinguishing unit case
425 andthe arc-extinguishing unit cover 424, so that the
movable contact base 431 is held rotatably about the
rotation center thereof. A concave portion 429a for fitting
a coupling member 439 is formed in each of the portions
of the movable contact unit 460 exposed from the con-
nection holes 424a and 425a. Such coupling members
439 are interposed between the movable contact units
460 for respective poles to transmit the operation of on-
off-trip of the switching mechanism portion unit 500 to
the movable contact units 460 for the respective poles
substantially at the same time. Each of the coupling
members 439, which is formed of insulating material, for
example, thermosetting resin such as polyester, phenol,
epoxy; ceramic; and so on has an arm portion 439a
through which the operation of the switching mechanism
portion unit 500 is transmitted, and a convex portion
439b attached to the concave portion 429a of the mov-
able contact unit 460. The coupling members 439 are
arranged so as to rotate around the same rotation center
as the movable contact units 460, and rotate the mova-
ble contact units 460 for a plurality of poles substantially
simultaneously by inserting their convex portions 439b
into the concave portions 429a of the movable contact
units 460. The shape of the convex portion 439b of each
coupling member 439 and the concave portion 429a of
each movable contact unit 460 are formed into a shape,
for example, a polygon, by which transmission delay of
a rotation force is not produced by sliding when the con-
vex portion 439b is inserted into and coupled with the
concave portion 429a. Although the shape is equilater-
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ally hexagonal in this embodiment, it may be triangular
or quadrangular.

Positioning projections for grids of the arc chutes
428 are provided in positions of the inner sides of the
arc-extinguishing unit case 425 and the arc-extinguish-
ing unit cover 424 near the fixed contact point 433 and
the movable contact 432. In this way, it is possible to
attach the magnetic plates to the arc-extinguishing unit
case 425 and the arc-extinguishing unit cover 424 only
by making the magnetic plates engage with the position-
ing projections respectively, so that it is possible to as-
semble the arc shoots 428 into arc-extinguishing cham-
bers together with the fixed contact bases 426 and 427
and the movable contact unit 460.

In addition, an L-shaped movable core 438 is built
in the arc-extinguishing unit cover 425 as shown in Figs.
2 and 3, and a U-shaped instantaneous tripping fixed
core 434 is mounted on the load-side fixed contact base
427 as shown in Fig. 12. A magnetic circuit is formed
between the instantaneous tripping fixed core 434 and
a bottom side 438a of the L-shape of the instantaneous
tripping movable core 438 when a large current flows,
and the bottom side 438a is attracted by an electromag-
netic force so that the instantaneous tripping movable
core 438 rotates counterclockwise in Fig. 2 around the
bent portion of the L-shape of the instantaneous tripping
movable core 438. As a result, an engagement arm
438b formed on the other side of the L-shape of the in-
stantaneous tripping movable core 438 also rotates
counterclockwise in Fig. 2. When the switching mecha-
nism portion unit 500 is attached, the engagement arm
438b engages with a transmission lever 522 of the
switching mechanism portion unit 500 so as to rotate
counterclockwise to thereby mechanically trip the
switching mechanism portion unit 500. Consequently,
instantaneous tripping operations for the respective
phases are performed substantially simultaneously.

The structure and assembling steps of the switching
mechanism portion unit 500 will be described by using
Fig. 10. For the convenience of description, names of
respective parts arranged in pair will be distinguished
by attaching the words such as upper and lower, right
and left, and so on, in the arrangement in Fig. 10. How-
ever, these words such as upper and lower, right and
left, and so on, are used not for limiting the present in-
vention but only for specifying parts in the description of
the embodiment of the present invention. This point ap-
plies also to other drawings.

The switching mechanism portion unit 500 has a
link mechanism for switching the movable contact units
440 in the arc-extinguishing chambers 400 by the man-
ual operation of the handle 300, and a trip mechanism
for tripping the link mechanism by a mechanical output
from the trip unit 621 of the overcurrent tipper unit 600
at the time of an electrically abnormal condition such as
overcurrent. The link mechanism and the trip mecha-
nism are mounted between left and right fixed frames
508 and 518. The link mechanism is constituted by a
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handle lever 512 to which a spring force is given by a
driving spring 511, ahook 509 for keeping an upper lever
515 and a lower lever 517 substantially on a straight line
in a normal on-off state, and the upper and lower levers
515 and 517 coupled with each other through a lever
pin 516. The handle 300 is attached to an upper portion
512a of the handle lever 512 as shown in Figs. 2and 7.
The trip mechanism is constituted by a transmission le-
ver 522, a trip lever 514, and a trip member 510.

The trip lever 514 has a substantially L-shaped side
shape, and is rotatably supported between the left and
right frames 508 and 518 near the bent portion of the L-
shape of the trip lever 514. In Fig. 10, the vertical side
of the L-shape of the trip lever 514 extends downward,
and the horizontal side extends to the left. The transmis-
sion lever 522 is attached on the vertical side of the L-
shape of the trip lever 514 near its lower end portion in
parallel with the rotation axis of the trip lever 514. The
transmission lever 522 has length enough to engage
with the engagement arms 438b of the instantaneous
tripping movable cores 438 for the respective poles in
this embodiment. The transmission lever 522 picks up
not only the operations of the instantaneous tripping
movable cores 438 for the respective poles, but also the
operation of the trip unit 621 by engaging with the trip
unit 621 of the overcurrent tripper unit 600 in the central
pole portion. The engagement arms 438b and the trip
unit 621 give a force substantially horizontally leftward
in Fig. 10 to the transmission lever 522 through their op-
eration upon detection of an overcurrent, so that the trip
lever 514 is rotated counterclockwise. An engagement
portion 514a for engaging with the trip member 510 is
formed near the bent portion of the trip lever 514. The
plate-like formed trip member 510 is rotatably supported
at its lower end portion between the left and right fixed
frames 508 and 518 and under the supported portion of
the trip lever 514. A spring force is given to the trip mem-
ber 510 by a return spring 513 so that the trip member
510 rotates clockwise in Fig. 10 or Fig. 2. An opening
portion 510a is formed in the center portion of the plate-
like portion of the trip member 510.

In an on-off state, the engagement portion 514a of
the trip lever 514 engages with the upper end portion of
the trip member 510 to prevent the clockwise rotation of
the trip member 510. Projection portions 519 formed at
one ends of the hook 509 are inserted into lever receiv-
ing portions 520 of the left and right fixed frames so that
the hook 509 is rotatably supported between the left and
right fixed frames 508. The other end of the hook 509
extends into the opening portion 510a of the trip member
510 to engage with the upper end of the opening portion
510a so as to prevent counterclockwise rotations of the
hook 509.

The upper end portion of the upper lever 515 is ro-
tatably supported at a substantially center portion of the
hook 509 while the lower end portion of the upper lever
515 is rotatably coupled with the lower lever 517 through
the pin 516. The lower end portion of the lower lever 517
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is rotatably coupled with the coupling member 439. Driv-
ing springs 511 are stretched between the handle 300
mounting portion of the handle lever 512 and the pin 516
to give a counterclockwise rotation force to the hook
509. The handle 300 and the transmission lever 522 are
formed of insulating material such as resin, ceramic and
so on, and the other parts are mainly formed of steel
plates. In this embodiment, since the coupling member
439 andthe transmission lever 522 are of insulating ma-
terials, the switching mechanism portion unit 500 be-
comes a non-charged portion, so that safety in mainte-
nance, inspection and so on is improved.

To assemble this switching mechanism portion unit
500, the left fixed frame 508 is used as a base, the trip
member 510 mounted with the return spring 513 and the
trip lever 514 are incorporated in advance. Next, the low-
er end of the handle lever 512 is engaged with the pro-
jecting portion 519 of the hook 509 rotatably, and the
upper end portion of the upper lever 515 coupled with
the lower lever 517 through the pin 516 is engaged with
the substantially center portion of the hook 509 rotata-
bly. Next, an assembly in which the driving spring 511
is stretched between the handle 300 attachment portion
of the handle lever 512 and the pin 516 is prepared, and
this assembly is incorporated into the left fixed frame
508 used as a base. The right fixed frame 518 is put
thereon, and the hook 509, the trip member 510 and the
trip lever 514 are rotatably supported between the left
and right fixed frames 508 and 518. Next, the left and
right fixed frames 508 and 518 are caulked, and the as-
sembling is completed. In this way, the switching mech-
anism portion unit 500 is incorporated in the direction
toward the left fixed frame 508, so that assembling in
one direction can be realized. Particularly when the left
fixed frame 508 is put on downside and the respective
parts are incorporated downward, it is possible torealize
assembling in a falling down system.

Since respective blocks are made into units in this
embodiment as mentioned above, it is possible to real-
ize a method of manufacturing a circuit breaker in which
the respective units are incorporated into a molded case
in one direction along the direction of opening of a cover
sequentially in the order of a lower fixed core unit of a
CT, an arc-extinguishing chamber unit, a switching
mechanism portion unit, a manually operating handle,
an overcurrent tripper unit and the cover. In addition, not
only the directions of attachment of the parts of the re-
spective units at the time of assembling are made coin-
cident with each other but also the respective units per
se of the circuit breaker are configured so as to be as-
sembled automatically, so that it is made possible toper-
form automatization in the whole process from the as-
sembling of each of the units to the assembling of the
circuit breaker as a whole.

Next, a method of manufacturing the circuit breaker
in this embodiment will be described. The passage "the
direction along the direction of opening of a cover" is
used in the following meaning. That is, the passage "the



13 EP 0 788 128 A2 14

direction along the direction of opening of a cover"
means the direction in which the cover 200 is put on the
molded case 100 in the circuit breaker which has been
assembled. That s, the passage "the direction along the
direction of opening of a cover" means the vertical di-
rection (up/down direction) when assembling is per-
formed in the condition that the molded case 100 is laid
horizontally, and, not to say, the passage means a hor-
izontal direction when assembling is performed as the
molded case 100 is laid vertically. Therefore, the pas-
sage "the direction along the direction of opening of a
cover" means the vertical direction in Fig. 3 for explain-
ing the assembling process. In other words, in Fig. 3,
assembling of respective unit parts in "the direction
alongthe direction of opening of a cover" means assem-
bling of the unit parts while mounting the unit parts onto
the molded case 100 in the vertical direction, and par-
ticularly in the case where the molded case 100 is pro-
vided with its bottom downside, it means that the respec-
tive unit parts are assembled while the unit parts are fall-
en down.

In the circuit breaker according to this embodiment,
the internal mechanism is constituted by the above-
mentioned respective unit parts, so that assembling is
attained in the following steps.

(1) The molded case 100 is positioned and fixed in
an assembling station. The lower fixed core unit 700
of a CT is inserted into the molded case 100 in the
direction along the direction of opening of the cover.
At this time, the lower fixed core unit 700 of the CT
is inserted into the groove portion 101 formed in the
wall 103 of the molded case 100 (see Fig. 4).

(2) The arc-distinguishing chamber unit 400 is in-
serted into the molded case 100 in the direction
along the direction of opening of the cover. In the
case of a circuit breaker of three poles, three arc-
distinguishing chamber units 400 are coupled with
each other through the coupling members 439 in
advance, and the coupled arc-distinguishing cham-
ber units 400 corresponding to the three poles are
inserted into a plurality of spaces 102 partitioned by
the walls 103 formed in the molded case 100 (see
Fig. 5). At this time, the coupling members 439 in-
terposed between the movable contact units 460
disposed in the inside of the respective arc-distin-
guishing chamber units are put in the notches 104
formed in the walls 103 of the molded case 100 (see
Fig. 13). Adjacent ones of the arc-distinguishing
chamber units 400 are coupled with each other at
a distance enough to insert the lower lever 517 ex-
tended from the switching mechanism portion unit
500.

(3) The switching mechanism portion unit 500 is in-
serted into the molded case 100 in the direction
along the direction of opening of the cover so as to
be mounted on the arc-distinguishing chamber
units 400. At this time, the lower lever 517 extended
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from the switching mechanism portion unit 500 is
inserted into the gap G 440 formed between adja-
cent ones of the arc-distinguishing chamber units
400 (see Fig. 6) to engage with the coupling mem-
ber 439 (see Fig. 13). In this embodiment, since a
projection is formed in the lower lever 517 (see Fig.
10) and an engagement hole is formed in the cou-
pling member 439 (see Fig. 12), the lower lever 517
is elastically transformed to insert the projection into
the engagement hole so as to make the lower lever
517 engage with the coupling member 439.

(4) The operating handle 300 is inserted into the
molded case 100 in the direction along the direction
of opening of the cover to engage with the top por-
tion of the switching mechanism portion unit 500
(see Fig. 7). At this time, the manually operating
handle 300 is attached to the top portion of the han-
dle lever 512 of the switching mechanism portion
unit 500 (see Fig. 10).

(5) The overcurrent tripper unit 600 is inserted into
the molded case 100 in the direction along the di-
rection of opening of the cover. At this time, the
overcurrent tripper unit 600 is inserted into the
molded case 100 so that the upper fixed core 701
contacts with the upper end portion of the lower
fixed core unit 700 to form a magnetic circuit be-
tween the upper fixed core 701 and the lower fixed
core unit 700. In addition, at this time, the insulating
wall 601 extended from the case 622 of the over-
current tripper unit 600 is inserted to the groove por-
tions 105 and 106 formed in the load-side portion
of the partitioning walls 103 of the molded case (see
Fig. 8).

(6) Finally, the internal mechanism incorporated in
the molded case is covered with the body cover 200
in the direction along the direction of opening of the
cover to complete the circuit breaker according to
the present invention (see Fig. 9).

As has been described, all the unit parts are insert-
ed and incorporated in the molded case 100 as a base
only in one direction along the direction of opening of
the cover. It is therefore possible to assemble the circuit
breaker by making all the units fall down if the molded
case 100 is set horizontally.

In addition, in this embodiment, not only the circuit
breaker can be assembled automatically with units, but
also each unit can be assembled automatically with
parts.

An example of specific step in assembling the circuit
breaker according to the present invention in a falling
down system will be described by using Fig. 14. In this
example, arc-extinguishing chamber units are incorpo-
rated in a body case (corresponding to the above step
).

The body case 100 is conveyed by a conveyor 801
in a condition that it is put on a positioning pallet 805. In
the illustrated body case 100, the lower fixed core unit
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700 of the CT has been already fallen down and incor-
porated in the step (1). Control pieces 806 and 807 for
controlling the position where the body case 100 is to
be mounted are provided in the pallet 805 to thereby
control the position of the body case into a predeter-
mined position when unit parts are fallen down. Next,
the pallet 805 mounted with the body case 100 is con-
veyed to an assembling station 802 by a desired means.

An assembling robot 800 is provided near the as-
sembling station 802. The arc-extinguishing chamber
units 400 for three poles coupled with each other are
conveyed toward the assembling station 802 by a con-
veyor 804 disposed perpendicularly to the assembling
station 802. The assembling robot 800 holds the arc-
extinguishing chamber units 400 coupled with each oth-
er, conveys them above the body case 100, and there-
after makes them fall down into the body case 100. The
body case 100 in which the arc-extinguishing chamber
units 400 have been incorporated is put on a conveyor
803 by a suitable means, and the assembling work goes
to the next step (3).

Next, the operation of the circuit breaker in this em-
bodiment will be described.

In the ON state (the state of Fig. 2), when an over-
current is generated in a load circuit to which this circuit
breaker is connected, the voltage induced in the CT coll
620 is increased. When the value of the induced voltage
reaches a threshold value corresponding to a current
value which is preset to break the circuit, an overcurrent
detecting means built in the circuit board set 619 gen-
erates an output. The trip unit 621 is driven by this output
to trip the mechanism portion to rotate the movable con-
tact bases clockwise to thereby break the circuit.

In manual operating, the ON-OFF operation by
means of the handle 300 projecting over the cover 200
is transmitted to the movable contact bases 431 dis-
posed in the arc-distinguishing chamber units 400
through a toggle link of the switching mechanism portion
unit 500 to thereby perform the ON-OFF operation of
the movable contact bases 431. Fig. 2 shows the ON
state of the circuit breaker. When the handle 300 is ro-
tated clockwise in this state, the toggle link of the switch-
ing mechanism portion unit 500 is operated to bring the
movable contact bases 431 into the OFF state. To make
the ON state from this state manually, the handle 300 is
rotated counterclockwise on the contrary to the above
OFF operation, so that the toggle link of the switching
mechanism portion unit 500 is operated to bring the
movable contact bases 431 into the ON state.

Fig. 13 shows an arc-extinguishing chamber unit
400 of a circuit breaker in a second embodiment of the
present invention. In this embodiment, the arc-extin-
guishing chamber unit itself is assembled vertically or in
the up/down direction in the same manner as the mold-
ed case 100 and the body cover 200. The other parts
are similar to those in the first embodiment, and there-
fore their illustration and description are omitted. The
arc-extinguishing chamber unit 400 is constituted by an
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arc-extinguishing chamber case 436, an arc-extinguish-
ing chamber cover 435, and a movable contact unit 465.
A movable contact base 431 has a pair of movable con-
tact points 432 in point-symmetric positions with respect
to its rotation center. A coupling shaft 437 rotatably sup-
porting the movable contact base 431 between the arc-
extinguishing chamber case 436 and the arc-extinguish-
ing chamber cover 435 is fitted to the rotation center of
the movable contact base 431. This coupling shaft 437
is formed of insulating material such as resin, ceramic
and so on. A fixed contact base is not illustrated in Fig.
13, and the same fixed contact base as that in the first
embodiment is used. An instantaneous tripping mova-
ble core 438 which can be tripped instantaneously when
a large current flows is incorporated in the arc-extin-
guishing chamber cover 435 in the same manner as in
the first embodiment. In addition, not shown in Fig. 13,
an instantaneous tripping fixed core is mounted on the
load-side fixed contact base in the same manner as in
the first embodiment. When arc-extinguishing chamber
units corresponding to a plurality of poles are provided,
a coupling member 439 is interposed between the cou-
pling shafts 437 of the respective arc-extinguishing
chamber units so as to couple the arc-extinguishing
chamber units with each other. Consequently, tripping
and switching of the respective phases can be per-
formed substantially simultaneously.

Claims
1. A circuit breaker comprising:

a molded case (100);

a cover (200); and

an internal mechanism covered with said mold-
ed case and said cover, said internal mecha-
nism including respective units of arc-extin-
guishing chambers (400), a switching mecha-
nism portion (500), an overcurrent tripper (600),
alower fixed core (700) of a current transformer
(750), and a manually operating handle (300).

2. A circuit breaker according Claim 1, wherein said
internal mechanism includes one overcurrent trip-
per, one switching mechanism portion and one
manually operating handle, and the number of said
arc-extinguishing chambers is equal to the number
of poles, and wherein said arc-extinguishing cham-
bers have, in their insides, movable contact bases
respectively, and coupling members are provided
s0 as to connect rotary shafts of the movable con-
tact bases provided in adjacent ones of said arc-
extinguishing chambers, said coupling members
being engaged with a lever of said switching mech-
anism portion.

3. A circuit breaker which is covered with a molded
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case and a cover and a circuit of which is turned
ON/OFF by movement of a manually operating han-
dle;

wherein respective constituents are config-
ured to be in the form of units, and said units are
inserted into said molded case in one direction

along the direction of opening of said cover.
A circuit breaker comprising:

a molded case;

a cover; and

an internal mechanism covered with said mold-
ed case and said cover, said interval mecha-
nism including respective units of an arc-extin-
guishing chamber unit in which arc-extinguish-
ing chambers corresponding to a plurality of
poles are assembled integrally, a switching
mechanism portion unit, an overcurrent tripper
unit, a lower fixed core unit of a current trans-
former, and a manually operating handle;

said molded case being formed with a groove
portion for receiving said lower fixed core unit,
a plurality of spaces sectioned by walls for re-
spectively receiving said individual arc-extin-
guishing chambers of said arc-extinguishing
chamber unit, wall notch portions for receiving
rotary shafts extended from adjacent ones of
said arc-extinguishing chambers of said arc-ex-
tinguishing chamber unit and connected to
each other, and a groove portion for receiving
an insulating wall extended from said overcur-
rent tripper unit;

said arc-extinguishing chamber unit is formed
so that said arc-extinguishing chambers are in-
tegrally combined with gaps sufficient to insert
a lower lever extended from said switching
mechanism portion unit between adjacent ones
of said arc-extinguishing chambers.

A manufacturing method of a circuit breaker an in-
ternal mechanism of which is covered with a molded
case and a cover;

wherein respective units of arc-extinguishing
chambers, a switching mechanism portion, an over-
current tripper, a lower fixed core of a current trans-
former and a manually operating handle which con-
stitute said internal mechanism are assembled into
said molded case in one direction along the direc-
tion of opening of said cover.

A manufacturing method of a circuit breaker,;
wherein said circuit breaker are divided into
respective constituent units of a molded case, arc-
extinguishing chambers, a switching mechanism
portion, a manually operating handle, an overcur-
rent tripper, a lower fixed core and a cover, and
wherein in total assembling, said respective units
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10

automatically assembled in advance individually
are assembled into said molded case in one direc-
tion along the direction of opening of said cover.

A manufacturing method of a circuit breaker having
an internal mechanism which is covered with a
molded case and a cover and which is constituted
by respective units of arc-extinguishing chambers,
a switching mechanism portion, an overcurrent trip-
per, a lower fixed core of a current transformer, and
a manually operating handle;

wherein said units are assembled into said
molded case in one direction along the direction of
opening of said cover in the order of the unit of said
lower fixed core of said current transformer, the unit
of said arc-extinguishing chambers, the unit of said
switching mechanism portion, said manually oper-
ating handle, and the unit of said overcurrent tripper.

A manufacturing method of a circuit breaker having
an internal mechanism which is covered with a
molded case and a cover and which is constituted
by respective units of arc-extinguishing chambers,
a switching mechanism portion, an overcurrent trip-
per, a lower fixed core of a current transformer, and
a manually operating handle;

wherein said units are assembled into said
molded case in one direction along the direction of
opening of said cover in the order of the unit of said
lower fixed core of said current transformer, the unit
of said arc-extinguishing chambers, the unit of said
overcurrent tripper, the unit of said switching mech-
anism portion, and said manually operating handle.

A manufacturing method of a circuit breaker having
an internal mechanism which is covered with mold-
ed case and a cover and which is constituted by an
arc-extinguishing chamber unit in which arc-extin-
guishing chambers corresponding to a plurality of
poles are combined integrally, a switching mecha-
nism portion unit, an overcurrent tripper unit, a lower
fixed core unit of a current transformer, and a man-
ually operating handle;

said manufacturing method of a circuit breaker
comprising the steps of:

inserting said lower fixed core unitinto a groove
portion formed in said molded case;

inserting said arc-extinguishing chambers of
said arc-extinguishing chamber unit into a plu-
rality of spaces formed in said molded case re-
spectively;

inserting a lower lever extended from said
switching mechanism portion unit into a gap
formed between adjacent ones of said arc-ex-
tinguishing chambers of said arc-extinguishing
chamber unit;

inserting and fitting said manually operating
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handle into a handle engagement face of said
switching mechanism portion unit;

inserting an insulating wall extended from said
overcurrent fripper unit into a groove portion
formed in a sectioned wall face portion of said
molded case; and

finally, covering said internal mechanism and
molded case with said cover.
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