
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

26
1 

94
5

A
1

��&��

��������
(11) EP 2 261 945 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
15.12.2010 Bulletin 2010/50

(21) Application number: 09014246.4

(22) Date of filing: 13.11.2009

(51) Int Cl.:
H01H 71/52 (2006.01)

(84) Designated Contracting States: 
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR 
HR HU IE IS IT LI LT LU LV MC MK MT NL NO PL 
PT RO SE SI SK SM TR
Designated Extension States: 
AL BA RS

(30) Priority: 09.06.2009 JP 2009138251

(71) Applicant: Mitsubishi Electric Corporation
Tokyo 100-8310 (JP)

(72) Inventors:  
• Watanabe, Kazumasa

Tokyo 102-0073 (JP)
• Takahashi, Susumu

Tokyo 100-8310 (JP)
• Chigusa, Shinichi

Tokyo 100-8310 (JP)

(74) Representative: HOFFMANN EITLE
Patent- und Rechtsanwälte 
Arabellastraße 4
81925 München (DE)

(54) Circuit breaker

(57) A handle arm is formed of a metal plate and has
a rotation center portion formed integrally with an arm
base portion at an end portion. A supporting frame is
formed of a metal plate and has a rotation support portion
formed integrally with a frame base portion at an end
portion and coming into contact with the rotation center
portion of the handle arm. Either the arm base portion or
the frame base portion has a thin wall formed integrally
to be adjacent to the rotation center portion or the rotation
support portion. An inner surface of the thin wall is formed
to be positioned between a plane containing an outer
surface of the arm base portion or the frame base portion
and a plane containing an inner surface thereof and pre-
vents the rotation center portion of the handle arm from
undergoing displacement in a cross bar extending direc-
tion. It thus becomes possible to provide a circuit breaker
capable of not only reducing a size but also reducing the
component costs while ensuring the phase-to-phase in-
sulation performance.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a circuit break-
er, such as a molded case circuit breaker and an earth
leakage breaker, used in a switchboard of a power sys-
tem.

BACKGROUND ART

[0002] In the case of a typical circuit breaker, when a
high speed contacting mechanism using a toggle link is
adopted, the upper link is driven indirectly via a main
spring. An action stroke of the handle arm driving the
main spring is set large in order to secure an operation
margin. However, in order to stabilize a sense of opera-
tion on the operation handle that moves integrally with
the handle arm, it is necessary to suppress an angle of
rotation of the operation handle to be small. To this end,
the rotational shaft center of the handle arm is disposed
at an interphase position in the closest proximity to the
bottom surface of the insulating case. The handle arm is
supported in a rotatable manner on a supporting frame
fixed at the interphase position close to the bottom portion
of the insulating case. It is necessary to prevent the han-
dle arm from undergoing lateral displacement in a direc-
tion in which the cross bar is extended.
[0003] JP-UM-2-104549A describes the prevention of
lateral displacement, particularly with reference to Fig. 1
through Fig. 3. More specifically, a circuit breaker is con-
figured in such a manner that a circular protrusion portion
is formed in the lower end portion of the handle arm and
a concave circular portion corresponding to the circular
protrusion portion is formed on the top surface of the
supporting frame, so that the handle arm is supported on
the supporting frame in a rotatable manner by fitting the
circular protrusion portion of the handle arm in the con-
cave circular portion of the supporting frame. In addition,
the circuit breaker is configured in such a manner that
parts of the handle arm and the supporting frame are
bent outward to form bent portions so that lateral dis-
placement is prevented by engaging the bent portion of
one member with the outer surface of the other member.
These bent portions protrude outside noticeably beyond
the required width of the handle arm or the supporting
frame.
[0004] In a case as in the cited reference where the
bent portions protrude outside noticeably beyond the re-
quired width of the handle arm or the supporting frame,
it is necessary to increase an interphase interval at which
the handle arm and the supporting frame are disposed.
Because the width dimension of the circuit breaker is
increased as a result, these bent portions become a hin-
drance to a size reduction of the circuit breaker.
[0005] In addition, the cross bar holding a movable
contactor is disposed under the handle arm. The bent
portions protruding noticeably to the outside of the handle

arm and the supporting frame deteriorate insulation when
securing phase-to-phase insulation of the movable con-
tactor and thereby become a hindrance to enhancement
of the breaking performance.
[0006] Further, there is a method of preventing lateral
displacement of the handle arm with the use of another
component instead of the bent portions of the cited ref-
erence. When such another component is used, howev-
er, the component costs and the assembly costs are in-
creased. This method therefore has a disadvantage that
the circuit breaker becomes expensive.

DISCLOSURE OF THE INVENTION

[0007] An object of the invention is to provide a circuit
breaker improved to be capable of solving the problems
discussed above.
[0008] A circuit breaker according to one aspect of the
invention includes: a stationary contact disposed on an
insulating base; a movable contactor having a movable
contact that comes into contact with and moves apart
from the stationary contact; a cross bar disposed on the
insulating base in a rotatable manner and holding the
movable contactor; a handle arm attached to a manually
operated handle; a supporting frame fixed to the insulat-
ing base and axially supporting the handle arm in a ro-
tatable manner; a rotary lever engaged with a latch of a
tripping device and rotating when tripped; a lower link
driving the cross bar; an upper link axially supported on
the rotary lever and coupled to the lower link via a spring
pin to form a toggle link; and a main spring interlocked
with the handle arm at a drive end of the main spring and
coupled to the spring pin at a driven end of the main
spring. The circuit breaker is characterized in that: the
handle arm is formed of a metal plate, and the handle
arm has an arm base portion and a rotation center portion
formed integrally with the arm base portion at its end
portion; the supporting frame is formed of a metal plate,
and the supporting frame has a frame base portion and
a rotation support portion that is formed integrally with
the frame base portion at its end portion, and the rotation
support portion comes into contact with the rotation cent-
er portion of the handle arm; and one of the arm base
portion and the frame base portion is provided with a thin
wall formed integrally so as to be adjacent to the rotation
center portion or the rotation support portion, and an inner
surface or an outer surface of the thin wall is formed to
be positioned between a plane containing an outer sur-
face of the arm base portion or the frame base portion
and a plane containing an inner surface thereof and
thereby prevents the rotation center portion of the handle
arm from undergoing displacement in a direction in which
the cross bar is extended.
[0009] In the circuit breaker according to one aspect
of the invention, the handle arm is formed of the metal
plate, and the handle arm has the arm base portion and
the rotation center portion formed integrally with the arm
base portion at its end portion, and the supporting frame
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is formed of the metal plate, and the supporting frame
has the frame base portion and the rotation support por-
tion that is formed integrally with the frame base portion
at its end portion and the rotation support portion comes
into contact with the rotation center portion of the handle
arm. Also, one of the arm base portion and the frame
base portion is provided with the thin wall formed inte-
grally so as to be adjacent to the rotation center portion
or the rotation support portion, and the inner surface or
the outer surface of the thin wall is formed to be positioned
between the plane containing the outer surface of the
arm base portion or the frame base portion and the plane
containing the inner surface thereof and thereby prevents
the rotation center portion of the handle arm from under-
going displacement in the direction in which the cross
bar is extended. It thus becomes possible not only to
reduce a size of the circuit breaker but also to reduce the
component costs while ensuring the phase-to-phase in-
sulation performance.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

Fig. 1 is a perspective view showing a circuit breaker
according to a first embodiment of the invention in a
trip state;
Fig. 2 is a sectional side view showing the circuit
breaker of the first embodiment in a trip state;
Fig. 3 is a side view showing a handle arm, an upper
link, a lower link, and a supporting frame extracted
from Fig. 2;
Fig. 4 is a sectional side view showing the circuit
breaker of the first embodiment in an OFF state;
Fig. 5 is a side view showing the handle arm, the
upper link, the lower link, and the supporting frame
extracted from Fig. 4;
Fig. 6 is a sectional side view showing the circuit
breaker of the first embodiment in an ON state;
Fig. 7 is a side view showing the handle arm, the
upper link, the lower link, and the supporting frame
extracted from Fig. 6;
Fig. 8 is a front view showing the handle arm and
the supporting frame of the first embodiment partially
in cross section and with associated components;
Fig. 9(a) through Fig. 9(c) are exploded views show-
ing the handle arm and the supporting frame of the
first embodiment;
Fig. 10 is a front view showing a handle arm and a
supporting frame of a circuit breaker according to a
second embodiment of the invention partially in cross
section and with associated components;
Fig. 11 (a) through Fig. 11 (c) are exploded views
showing the handle arm and the supporting frame
of the second embodiment;
Fig. 12 (a) through Fig. 12 (c) are exploded views
showing a handle arm and a supporting frame of a
circuit breaker according to a third embodiment of

the invention;
Fig. 13(a) and Fig. 13(b) are exploded views showing
a handle arm and a supporting frame of a circuit
breaker according to a fourth embodiment of the in-
vention;
Fig. 14(a) and Fig. 14(b) are exploded views showing
a handle arm and a supporting frame of a circuit
breaker according to a fifth embodiment of the in-
vention;
Fig. 15 (a) through Fig. 15(d) are exploded views
showing a handle arm and a supporting frame of a
circuit breaker according to a sixth embodiment of
the invention;
Fig. 16 (a) through Fig. 16 (d) are exploded views
showing a handle arm and a supporting frame of a
circuit breaker according to a seventh embodiment
of the invention;
Fig. 17 (a) through Fig. 17 (d) are exploded views
showing a handle arm and a supporting frame of a
circuit breaker according to an eighth embodiment
of the invention;
Fig. 18 (a) through Fig. 18 (d) are exploded views
showing a handle arm and a supporting frame of a
circuit breaker according to a ninth embodiment of
the invention;
Fig. 19(a) and Fig. 19(b) are exploded views showing
a handle arm and a supporting frame of a circuit
breaker according to a tenth embodiment of the in-
vention; and
Fig. 20(a) and Fig. 20(b) are exploded views showing
a handle arm and a supporting frame of a circuit
breaker according to an eleventh embodiment of the
invention.

DETAILED DESCRIPTION OF THE INVENTION

[0011] Hereinafter, circuit breakers according to some
embodiments of the invention will be described with ref-
erence to the drawings.

First Embodiment

[0012] Fig. 1 is a perspective view showing a circuit
breaker according to a first embodiment of the invention
in a trip state. Fig. 2 is a sectional side view showing the
circuit breaker of the first embodiment in a trip state. Fig.
3 is a side view showing a handle arm, an upper link, a
lower link, and a supporting frame extracted from Fig. 2.
Fig. 4 is a sectional side view showing the circuit breaker
of the first embodiment in an OFF state. Fig. 5 is a side
view showing the handle arm, the upper link, the lower
link, and the supporting frame extracted from Fig. 4. Fig.
6 is a sectional side view showing the circuit breaker of
the first embodiment in an ON state. Fig. 7 is a side view
showing the handle arm, the upper link, the lower link,
and the supporting frame extracted from Fig. 6. Fig. 8 is
a front view showing the handle arm and the supporting
frame of the first embodiment partially in cross section
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and with associated components. Fig. 9 (a) through Fig.
9(c) are exploded views showing the handle arm and the
supporting frame of the first embodiment.
[0013] The circuit breaker of the first embodiment is a
three-phase circuit breaker and includes an insulating
case 10 as is shown in Fig. 1. The insulating case 10 has
an insulting base 11 and an insulating cover 12. Circuit
breaking units 20A, 20B, 20C in respective three phases
are disposed on the insulating base 11 in parallel. An
operation mechanism 40 is disposed above the circuit
breaking unit 20B at the center. The insulating base 11
has a pair of outside walls 11A and 11B and a pair of
partition walls 11C and 11D. The circuit breaking unit 20A
is disposed between the outside wall 11A and the parti-
tion wall 11C. The circuit breaking unit 20B is disposed
between the partition walls 11C and 11D. The circuit
breaking unit 20C is disposed between the partition wall
11D and the outside wall 11B. The insulating cover 12
covers the circuit breaking units 20A, 20B, and 20C in
the respective phases on the insulating base 11 and the
operation mechanism 40. An operation handle 41 of the
operation mechanism 40 protrudes from the insulating
cover 12. It should be noted that Fig. 1 shows the interior
by notching the insulating cover 12 in a portion covering
the circuit breaking units 20A and 20B.
[0014] The circuit breaking units 20A, 20B, and 20C in
the respective phases are of the same configuration. The
concrete configuration is shown in Fig. 2, Fig. 4, and Fig.
6. Fig. 2, Fig. 4, and Fig. 6 show the circuit breaking unit
20B at the center and the other circuit breaking units 20A
and 20C are the same as the circuit breaking unit 20B in
configuration. A cross bar 30 is provided commonly for
the circuit breaking units 20A, 20B, and 20C in the re-
spective phases. The cross bar 30 is disposed on the
insulating base 11 to be orthogonal to the circuit breaking
units 20A, 20B, and 20C in the respective phases and
shown in Fig. 2, Fig. 4, and Fig. 6.
[0015] Each of the circuit breaking units 20A, 20B, and
20C in the respective phases has a stationary contact
21, a movable contact 22, a movable contactor 23, and
a pair of terminals 24 and 25. The stationary contact 21
is disposed on the insulating base 11 and connected to
the terminal 24. The movable contact 22 is disposed on
the movable contactor 23 oppositely to the stationary
contact 21 and comes into contact with and moves apart
from the stationary contact 21 in association with rota-
tions of the movable contactor 23. The movable contactor
23 is connected to the terminal 25. When the movable
contact 22 comes into contact with the stationary contact
21, the electric circuit between the terminals 24 and 25
is turned ON. When the movable contact 22 moves apart
from the stationary contact 21, the electric circuit between
the terminals 24 and 25 is turned OFF.
[0016] The cross bar 30 is shown in Fig. 2, Fig. 4, and
Fig. 6. The cross bar 30 is disposed in the bottom portion
of the insulating base 11 and extended to be orthogonal
to the sheet surfaces of Fig. 2, Fig. 4, and Fig. 6. The
cross bar 30 is rotated about the shaft center by the op-

eration mechanism 40. The movable contactors 23 of the
circuit breaking units 20A, 20B, and 20C in the respective
phases are attached to the cross bar 30. When the cross
bar 30 rotates about the shaft center, the movable con-
tactors 23 of the circuit breaking units 20A, 20B, and 20C
in the respective phases rotate simultaneously and the
movable contacts 22 come into contact with or move
apart from the corresponding stationary contact 21 in as-
sociation with the rotations of the movable contactors 23.
[0017] The operation mechanism 40 has the operation
handle 41, a handle arm 42, a supporting frame 43, a
rotary lever 44, an upper link 45, a lower link 46, a spring
pin 47, and a main spring 48. The operation handle 41
is operated manually. The handle arm 42 is attached to
the operation handle 41. The supporting frame 43 is fixed
to the partition walls 11C and 11D of the insulating base
11. The handle arm 42 is supported on the supporting
frame 43 in a rotatable manner. The rotation center point
P of the handle arm 42 is shown in Fig. 2 through Fig. 7.
The operation handle 41 protrudes above from the insu-
lating cover 12 and is rotated about the rotation center
point P by a manual operation. In association with the
rotation of the operation handle 41, the handle arm 42 is
rotated about the rotation center point P with the opera-
tion handle 41. The handle arm 42 comes to an interme-
diate position in a trip state shown in Fig. 2. It comes to
a left inclined position in an OFF state shown in Fig. 4
and to a right inclined position in an ON state shown in
Fig. 6.
[0018] The rotary lever 44 operates in cooperation with
a latch 34 driven by an over current tripping device 33.
The rotary lever 44 is normally kept pushed in a clockwise
direction by the main spring 48. In a state where the over
current tripping device 33 detects no over current, the
rotary lever 44 is engaged with the latch 34 and held in
this state. When the over current tripping device 33 trips
the latch 34 upon detection of an over current, the rotary
lever 44 is disengaged from the latch 34 and starts to
rotate in a clockwise direction.
[0019] The upper link 45 is supported on a link sup-
porting point Q of the rotary lever 44 in a rotatable manner
at the upper end. The link supporting point Q is shown
in Fig. 2, Fig. 4, and Fig. 6. The upper end of the lower
link 46 is interlocked with the lower end of the upper link
45 via the spring pin 47 in a rotatable manner, and the
lower link 46 and the upper link 45 together form a toggle
link. The lower end of the lower link 46 is interlocked with
the cross bar 30 in a rotatable manner. The main spring
48 has a drive end 48a and a driven end 48b. The drive
end 48a is coupled to the handle arm 42 and the driven
end 48b is coupled to the spring pin 47.
[0020] On and off operations of the movable contact
22 with respect to the stationary contact 21 will now be
described. In the OFF state shown in Fig. 4, the movable
contact 22 is spaced apart from the stationary contact
21, and the stationary contact 21 and the movable contact
22 are in the OFF state. In the OFF state, the handle arm
42 is at the left inclined position and the lower link 46 is
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in a horizontally oriented state. When the operation han-
dle 41 is operated in a clockwise direction in the OFF
state shown in Fig. 4, the handle arm 42 rotates about
the rotation center point P in a clockwise direction with
the operation handle 41 until the handle arm 42 reaches
the right inclined position shown in Fig. 6. In association
with the rotation of the handle arm 42, the drive end 48a
of the main spring 48 moves about the rotation center
point P of the handle arm 42 in a clockwise direction. In
association with the movement of the drive end 48a of
the main spring 48, the load direction of the main spring
48 varies, which causes the spring pin 47 to move right-
ward from the position shown in Fig. 4. In association
with the movement of the spring pin 47, the lower link 46
becomes an upright standing state as shown in Fig. 6
and the cross bar 30 starts to rotate in a clockwise direc-
tion. The movable contact 22 on the movable contactor
23 thus comes into contact with the stationary contact 21
and the both become an ON state.
[0021] When the operation handle 41 is rotated in a
counter-clockwise direction in the ON state shown in Fig.
6, the handle arm 42 rotates about the rotation center
point P in a counter-clockwise direction with the operation
handle 41 until the handle arm 42 reaches the left inclined
position shown in Fig. 4. In association with the rotation
of the handle arm 42, the drive end 48a of the main spring
48 moves about the rotation center point P of the handle
arm 42 in a counter-clockwise direction. In association
with the movement of the drive end 48a of the main spring
48, the load direction of the main spring 48 varies, which
causes the spring pin 47 to move leftward from the po-
sition shown in Fig. 6. In association with the movement
of the spring pin 47, the lower link 46 returns to the hor-
izontally oriented state as shown in Fig. 4. The cross bar
30 then rotates in a counter-clockwise direction. The
movable contact 22 on the movable contactor 23 thus
moves apart from the stationary contact 21 and the both
become an OFF state.
[0022] Also, when the over current tripping device 33
operates in the ON state shown in Fig. 6, the latch 34
moves and the latch 34 is disengaged from the rotary
lever 44. Because the rotary lever 44 is normally kept
pushed in a clockwise direction by the main spring 48, it
starts to rotate in a clockwise direction when disengaged
from the latch 34. In association with the rotation of the
rotary lever 44, the handle arm 42 rotates about the ro-
tation center point P until the handle arm 42 reaches the
intermediate position shown in Fig. 2 from the right in-
clined position shown in Fig. 6. In association with the
rotation of the handle arm 42, the drive end 48a of the
main spring 48 relatively moves to be closer to the right
side than the spring pin 47. An upward force thus starts
to act on the spring pin 47. In association with the upward
movement of the spring pin 47, the cross bar 30 is lifted
upward, which brings the lower link 46 into an interme-
diate standing state shown in Fig. 2. The movable contact
22 on the movable contactor 23 thus moves apart from
the stationary contact 21 and both become the trip state

shown in Fig. 2.
[0023] The relations among the handle arm 42, the up-
per link 45, the lower link 46, and the supporting frame
43 in the trip state shown in Fig. 2, the OFF state shown
in Fig. 4, and the ON state shown in Fig. 6 are extracted
and shown in Fig. 3, Fig. 5, and Fig. 7, respectively. Fig.
3 shows the handle arm 42, the upper link 45, the lower
link 46, and the supporting frame 43 extracted from Fig.
2 to show the relation in the trip state shown in Fig. 2.
Fig. 5 shows the handle arm 42, the upper link 45, the
lower link 46, and the supporting frame 43 extracted from
Fig. 4 to show the relation in the OFF state shown in Fig.
4. Fig. 7 shows the handle arm 42, the upper link 45, the
lower link 46, and the supporting frame 43 extracted from
Fig. 6 to show the relation in the ON state shown in Fig. 6.
[0024] Because the supporting frame 43 is fixed to the
partition walls 11C and 11D of the insulating base 11, it
stays at the same position in any of the trip state shown
in Fig. 2 and Fig. 3, the OFF state shown in Fig. 4 and
5, and the ON state shown in Fig. 6 and Fig. 7. The handle
arm 42 is supported on the supporting frame 43 at the
rotation center point P in a rotatable manner and thereby
rotates about the rotation center point P. The handle arm
42 is at the intermediate position in the trip state shown
in Fig. 2 and Fig. 3. In the OFF state shown in Fig. 4 and
Fig. 5, the handle arm 42 is at the left inclined position
provided by having rotated from the intermediate position
in a counter-clockwise direction. In the ON state shown
in Fig. 6 and Fig. 7, the handle arm 42 is at the right
inclined position provided by having rotated from the in-
termediate position in a clockwise direction. The lower
link 46 is in the intermediate standing state in the trip
state shown in Fig. 2 and Fig. 3. In the OFF state shown
in Fig. 4 and Fig. 5, the lower link 46 is in the horizontally
oriented state. In the ON state shown in Fig. 6 and Fig.
7, the lower link 46 is in the upright standing state.
[0025] Fig. 8 is a front view showing the handle arm
42 and the supporting frame 43 of the first embodiment
partially in cross section and with associated component.
To be more concrete, the handle arm 42 is formed by
bending a metal plate of a uniform thickness formed, for
example, of an iron plate. As is shown in Fig. 8, it has a
top plate 421 and a pair of side plates 422 and 423. The
side plates 422 and 423 making a pair extend from the
both ends of the top plate 421 substantially parallel to
each other. The side plates 422 and 423 making a pair
have the same plate thickness and the same side surface
shape. A pair of rotary levers 441 and 442, a pair of upper
links 451 and 452, a pair of lower links 461 and 462, the
spring pin 47, and a pair of main springs 481 and 482
are disposed between a pair of the side plates 422 and
423.
[0026] The rotary levers 441 and 442 making a pair
are formed in the same side surface shape from iron
plates having the same plate thickness and disposed,
respectively, on the inner surfaces of the side plates 422
and 423 of the handle arm 42 and form the rotary lever
44. Likewise, the upper links 451 and 452 making a pair
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are formed in the same side surface shape from iron
plates having the same plate thickness and form the up-
per link 45. The lower links 451 and 452 making a pair
are also formed in the same side surface shape from iron
plates having the same plate thickness and form the low-
er link 46. A pair of the lower links 461 and 462 is inter-
locked with a pair of the upper links 451 and 452 with the
spring pin 47. The main springs 481 and 482 making a
pair are formed as coil springs of the same shape and
dimension and form the main spring 48. The drive ends
48a of the main springs 481 and 482 are engaged on the
bottom surface of the top plate 421 of the handle arm 42
and the driven ends 48b are engaged at the spring pin 47.
[0027] The supporting frame 43 is formed of a pair of
frame plates 431 and 432. The frame plates 431 and 432
making a pair are formed in the same side surface shape
from metal plates, for example, iron plates. In the first
embodiment, the respective frame plates 431 and 432
are formed of iron plates having the same thickness as
the plates forming the handle arm 42. Also, the respective
frame plates 431 and 432 have the same plate thickness
as the respective side plates 422 and 423 of the handle
arm 42.
[0028] Figs . 9(a) through 9(c) are exploded views
showing the handle arm 42 and the supporting frame 43
of the first embodiment. Fig. 9(a) is a front view of the
handle arm 42. Fig. 9(b) is a sectional front view showing
the supporting frame 43. Fig. 9(c) is a left side view of
the handle arm 42.
[0029] Regarding a pair of the side plates 422 and 423
of the handle arm 42, each has an arm base portion AB
and a rotation center portion RC. The rotation center por-
tion RC is formed continuously with the end portion of
the arm base portion AB and is thereby formed integrally
with the arm base portion AB. The arm base portions AB
form the major portions of the side plates 422 and 423
and have a plate thickness t0. Each arm base portion AB
has an inner surface s11 and an outer surface s21, and
the inner surface s11 and the outer surface s21 are par-
allel to each other. The inner surfaces s11 of the respec-
tive arm base portions AB of a pair of the side plates 422
and 423 oppose each other with an interval D in between.
[0030] The rotation center portions RC are portions
that serve as the rotation center of the handle arm 42.
The rotation center portions RC are supported on a pair
of the frame plates 431 and 432 of the supporting frame
43 in a rotatable manner. The rotation center portions
RC have a plate thickness t1. The plate thickness t1 of
the rotation center portions RC and the plate thickness
t0 of the arm base portions AB have the relation ex-
pressed as Equation (1) below. As is obvious from Equa-
tion (1) below, the plate thickness t1 is smaller than the
plate thickness t0 by a dimension A. 

[0031] Each rotation center portion RC has an inner
surface s12 and an outer surface s22, and the inner sur-
face s12 and the outer surface s22 are parallel to each
other. The inner surfaces s12 of the rotation center por-
tions RC are present in the same planes as the inner
surfaces s11 of the respective arm base portions AB.
The inner surfaces s12 of the respective rotation center
portions RC of a pair of the side plates 422 and 423 also
oppose each other with an interval D in between. The
outer surfaces s22 of the rotation center portions RC are
positioned between the planes containing the inner sur-
faces s11 of the respective arm base portions AB and
the planes containing the outer surfaces s21 of the re-
spective arm base portions AB. The outer surfaces s22
are closer to the planes containing the inner surfaces s11
of the respective arm base portions AB than the planes
containing the outer surfaces s21 thereof by the dimen-
sion A.
[0032] In the first embodiment, the respective rotation
center portions RC of a pair of the side plates 422 and
423 of the handle arm 42 protrude toward a pair of the
frame plates 431 and 432 of the supporting frame 43 and
convex circular rotation surfaces CR are formed on the
protruding end surfaces. In the first embodiment, the ro-
tation center portions RC are formed within a range of
the plate thickness t0 of the arm base portions AB and
therefore do not protrude outside beyond the range of
the plate thickness t0 of the arm base portions AB.
[0033] Regarding a pair of the frame plates 431 and
432 of the supporting frame 43, each has a frame base
portion FB, a rotation support portion RS, and a thin wall
TW. The rotation support portion RS and the thin wall
TW are formed at the end portion of the frame base por-
tion FB. The frame base portions FB form the major por-
tions of a pair of the frame plates 431 and 432 and have
a plate thickness t0. The plate thickness t0 is equal to
the plate thickness of the arm base portions AB. Each of
the frame base portions FB of a pair of the frame plates
431 and 432 has an inner surface s31 and an outer sur-
face s41, and the inner surface s31 and the outer surface
s41 are parallel to each other. The inner surfaces s31 of
the respective frame base portions FB of a pair of the
frame plates 431 and 432 oppose each other with an
interval D in between. The interval D is equal to the in-
terval between the inner surfaces s11 of the respective
arm base portions AB of a pair of the side plates 422 and
423 of the handle arm 42.
[0034] The respective rotation support portions RS of
a pair of the frame plates 431 and 432 support the re-
spective rotation center portions RC of a pair of the side
plates 422 and 423 of the handle arm 42 in a rotatable
manner. In the first embodiment, each rotation support
portion RS is formed in a concave shape and has a con-
cave circular support surface CS. The diameter of the
circular support surfaces CS is nearly equal to the diam-
eter of the corresponding circular rotation surfaces CR
of the rotation center portions RC. The circular rotation
surfaces CR and the circular support surfaces CS come
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into contact with each other at the rotation center point
P shown in Fig. 2 through Fig. 7. The handle arm 42 is
thereby rotated about the rotation center point P.
[0035] The circular support surfaces CS are formed
with a width B from the corresponding inner surfaces s31
of the frame base portions FB. The width B is expressed
as Equation (2):

where t1 is the plate thickness t1 in Equation (1) above.
[0036] Regarding a pair of the frame plates 431 and
432, not only the rotation support portion RS but also the
thin wall TW provided adjacently to the rotation support
portion RS is formed at the end of each frame base por-
tion FB and is thereby formed integrally with the frame
base portion FB. The thin walls TW are formed at the end
portions of the respective frame base portions FB of a
pair of the frame plates 431 and 432 on the side of the
outer surfaces s41 of the frame base portions FB. The
thin walls TW are also extended toward the rotation cent-
er portions RC of the handle arm 42 along the planes
containing the outer surfaces s41 of the respective frame
base portions FB. The thin walls TW have a thickness A.
The thickness A is equal to the dimension A in Equation
(1) above. Each thin wall TW has an inner surface s32
and an outer surface s42, and the inner surface s32 and
the outer surface s42 are parallel to each other. In the
first embodiment, the outer surfaces s42 of the thin walls
TW are present in the same planes as the outer surfaces
s41 of the respective frame base portions FB. Also, the
inner surfaces s32 of the thin walls TW are present be-
tween the planes containing the inner surfaces s31 of
the respective frame base portions FB and the planes
containing the outer surfaces s41 thereof.
[0037] The thin walls TW together with the rotation sup-
port portions RS are provided to the frame plates 431
and 432 within a range of the plate thickness t0 of the
frame base portions FB and therefore do not protrude
outside beyond the range of the plate thickness t0. The
inner surfaces s32 of the respective thin walls TW pro-
vided to a pair of the frame plates 431 and 432 come into
contact with the outer surfaces s22 of the rotation center
portions RC in a state where the circular support surfaces
CS of the rotation support portions RS are in contact with
the circular rotation surfaces CR of the rotation center
portions RC and thereby prevent the handle arm 42 from
undergoing displacement in the right-left direction of Fig.
9(a), that is, in the direction in which the cross bar 30 is
extended. The outer surfaces s42 of the respective thin
walls TW provided to a pair of the frame plates 431 and
432 are positioned in the planes containing the outer sur-
faces s21 of the respective arm base portions AB of a
pair of side plates 422 and 423 of the handle arm 42 in

a state where the circular support surfaces CS of the
rotation support portions RS are in contact with the cir-
cular rotation surfaces CR of the rotation center portions
RC.
[0038] In the first embodiment, the rotation center por-
tions RC are formed within the range of the plate thick-
ness t0 of the respective arm base portions AB of a pair
of the side plates 422 and 423 of the handle arm 42 and
the rotation support portions RS and the thin walls TW
are formed within the range of the plate thickness t0 of
the respective frame base portions FB of a pair of the
frame plates 431 and 432 of the supporting frame 43.
Consequently, all of the rotation center portions RC, the
rotation support portions RS, and the thin walls TW are
positioned within the range of the plate thickness t0 and
therefore do not protrude outside beyond the range of
the plate thickness t0. Accordingly, the rotation center
portions RC, the rotation support portions RS, and the
thin walls TW do not protrude outside beyond the required
width of the handle arm 42 or the supporting frame 43.
The handle arm 42 and the supporting frame 43 therefore
fall within the required width. It thus becomes possible
to achieve a size reduction of the circuit breaker by mak-
ing the width dimension of the circuit breaker smaller.
[0039] In addition, because the rotation center portions
RC, the rotation support portions RS, and the thin walls
TW do not protrude outside beyond the required width
of the handle arm 42 or the supporting frame 43, the
breaking performance can be ensured when securing
phase-to-phase insulation of the movable contactor 23
held by the cross bar 30 without the rotation center por-
tions RC, the rotation support portions RS, and the thin
walls TW deteriorating the insulation. Further, because
the thin walls TW are also formed integrally with the frame
base portions FB of the supporting frame 43, the assem-
bly costs can be suppressed by reducing the component
costs. Second Embodiment
[0040] Fig. 10 is a front view showing a handle arm
and a supporting frame of a circuit breaker according to
a second embodiment of the invention partially in cross
section and with associated components. Fig. 11(a)
through Fig. 11(c) are exploded views showing the han-
dle arm and the supporting frame of the circuit breaker
of the second embodiment. Fig. 11(a) is a front view
showing the handle arm of the circuit breaker of the sec-
ond embodiment. Fig. 11(b) is a sectional front view
showing the supporting frame of the circuit breaker of the
second embodiment. Fig. 11(c) is a s ide view showing
the handle arm of the circuit breaker of the second em-
bodiment.
[0041] In the circuit breaker of the second embodi-
ment, a pair of the frame plates 431 and 432 of the sup-
porting frame 43 of the first embodiment above is modi-
fied so as to have thin walls TW1. In comparison with the
thin walls TW of the supporting frame 43 employed in the
first embodiment above, the thin walls TW1 are formed
to slightly project outside from the outer surfaces s41 of
the respective frame base portions FB. Other than this
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difference, the supporting frame 43 is configured in the
same manner as the supporting frame 43 of the first em-
bodiment above. Other than the supporting frame 43, the
circuit breaker of the second embodiment is configured
in the same manner as the counterpart of the first em-
bodiment above. The handle arm 42 is therefore config-
ured in the same manner as the counterpart of the first
embodiment above.
[0042] As is obvious from Fig. 10 and Fig. 11(a)
through 11(c), in the supporting frame 43 employed in
the second embodiment, the thin walls TW1 having a
thickness A1 are formed at the end portions of the re-
spective frame base portions FB of a pair of the frame
plates 431 and 432 integrally with the frame base portions
FB and adjacently to the rotation support portions RS.
On the side of the outer surfaces s41 of the respective
frame base portions FB of a pair of the frame plates 431
and 432, the thin walls TW1 slightly project from the outer
surfaces s41. The thin walls TW1 are also extended par-
allel to the planes containing the outer surfaces s41. The
thickness A1 is thicker than the thickness A of the thin
walls TW of the supporting frame 43 employed in the first
embodiment above and is thereby expressed as: A1 >
A. The outer surfaces s42 of the thin walls TW1 are po-
sitioned slightly outside of the planes containing the outer
surfaces s41 of the respective frame base portions FB
whereas the inner surfaces s32 of the thin walls TW1 are
positioned between the planes containing the outer sur-
faces s41 of the respective frame base portions FB and
the planes containing the inner surfaces s31 of the re-
spective frame base portions FB. Because the inner sur-
faces s32 of the thin walls TW1 are positioned between
the planes containing the outer surfaces s41 of the frame
base portions FB and the planes containing the inner
surfaces s31 of the frame base portions FB, even when
the dimension of projection of the outer surfaces s42 of
the thin walls TW1 from the outer surfaces s41 of the
frame base portion FB is set, for example, to 1/4 or less
of the plate thickness t0 of the frame base portions FB,
the thickness Al of the thin walls TW1 is sufficient to pro-
vide a required strength to the thin walls TW1.
[0043] In a state where the circular rotation surfaces
CR of the respective rotation center portions RC formed
at the end portions of a pair of the side plates 422 and
423 of the handle arm 42 are in contact with the circular
support surfaces CS of the respective rotation support
portions RS formed at the end portions of a pair of the
frame plates 431 and 432 of the supporting frame 43, the
inner surfaces s32 of the thin walls TW1 formed at the
end portions of the respective frame base portions FB of
a pair of the frame plates 431 and 432 come into contact
with the outer surfaces s22 of the respective rotation cent-
er portions RC and thereby prevent the handle arm 42
from undergoing displacement in the right-left direction
of Fig. 11(a), that is, in the direction in which the cross
bar 30 is extended.
[0044] In the second embodiment, the rotation center
portions RC are formed within the range of the plate thick-

ness t0 of the respective arm base portions AB of a pair
of the side plates 422 and 423 of the handle arm 42 and
the rotation support portions RS are formed within the
range of the plate thickness t0 of the respective frame
base portions FB of a pair of the frame plates 431 and
432 of the supporting frame 43. Moreover, because the
inner surfaces s32 of the thin walls TW1 are positioned
between the planes containing the outer surfaces s41 of
the respective frame base portions FB and the planes
containing the inner surfaces s31 of the respective frame
base portions FB, the dimension of projection of the outer
surfaces s42 of the thin walls TW1 from the outer surfaces
s41 of the frame base portions FB of the frame plates
431 and 432 can be made smaller. Accordingly, the ro-
tation center portions RC, the rotation support portions
RS, and the thin walls TW1 do not protrude outside no-
ticeably beyond the required width of the handle arm 42
or the supporting frame 43. The handle arm 42 and the
supporting frame 43 can therefore fall substantially within
the required width. It thus becomes possible to achieve
a size reduction of the circuit breaker by making the width
dimension of the circuit breaker smaller.
[0045] In addition, in the second embodiment, be-
cause the rotation center portions RC, the rotation sup-
port portions RS, and the thin walls TW1 do not protrude
outside noticeably beyond the required width of the han-
dle arm 42 or the supporting frame 43, the breaking per-
formance can be ensured when securing phase-to-
phase insulation of the movable contactor 23 held by the
cross bar 30 without the rotation center portions RC, the
rotation support portions RS, and the thin walls TW1 de-
teriorating the insulation. Further, because the thin walls
TW1 are also formed integrally with the frame base por-
tions FB of the supporting frame 43, the assembly costs
can be suppressed by reducing the component costs.

Third Embodiment

[0046] Fig. 12(a) through Fig. 12(c) are exploded views
showing a handle arm and a supporting frame of a circuit
breaker according to a third embodiment of the invention.
Fig. 12(a) is a front view showing the handle arm of the
circuit breaker of the third embodiment. Fig. 12 (b) is a
sectional front view of the supporting frame of the circuit
breaker of the third embodiment. Fig. 12(c) is left side
view of the handle arm of the circuit breaker of the third
embodiment.
[0047] In the third embodiment, a handle arm 42A and
a supporting frame 43 are formed of metal plates, such
as iron plates, having different thicknesses. To be more
concrete, in the third embodiment, the supporting frame
43 and the handle arm 42A shown in Fig. 12(a) through
Fig. 12(c) are employed. The supporting frame 43 is the
same as the supporting frame 43 of the first embodiment
above except that the inner surfaces s31 of the respective
frame base portions FB of a pair of the frame plates 431
and 432 oppose each other with an interval D1 in be-
tween. The interval D1 is smaller than the interval D be-
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tween the inner surfaces s31 of the respective frame base
portions FB of the frame plates 431 and 432 of the sup-
porting frame 43 of the first embodiment above.
[0048] In comparison with the handle arm 42 of the
first embodiment above, the handle arm 42A is formed
of a thinner metal plate. The handle arm 42A is formed
of an iron plate having a plate thickness t2 and the plate
thickness t2 is expressed as: t2 < t0. As with the handle
arm 42 of the first embodiment above, the handle arm
42A has a top plate 421 and a pair of side plates 422 and
423. The top plates 421 and a pair of the side plates 422
and 423 are formed of iron plates having the plate thick-
ness t2. As is shown in Fig. 12(a), regarding a pair of the
side plates 422 and 423 of the handle arm 42A of the
third embodiment, each has an arm base portion AB hav-
ing the plate thickness t2 and a rotation center portion
RC1 having the plate thickness t2. The inner surfaces
s11 of the respective arm base portions AB of a pair of
the side plates 422 and 423 oppose each other with the
interval D1 in between. The rotation center portions RC1
are formed continuously with the end portions of the re-
spective arm base portions AB and are thereby formed
integrally with the arm base portions AB so as to project
outside from the arm base portions AB. Consequently,
the inner surfaces s12 of the respective rotation center
portions RC1 of a pair of the side plates 422 and 423
oppose each other with an interval D2 larger than the
interval D1 in between. Other than these differences, the
circuit breaker of the third embodiment is configured in
the same manner as the counterpart of the first embod-
iment above. Each rotation center portion RC1 has an
inner surface s12 and an outer surface s22 parallel to
each other and a convex circular rotation surface CR at
the protrusion end.
[0049] In the third embodiment, the supporting frame
43 same as the counterpart of the first embodiment above
is employed and the respective frame base portions FB
of a pair of the frame plates 431 and 432 of the supporting
frame 43 have the plate thickness t0. The plate thickness
t0 is expressed as: t0 > t2. In the third embodiment, too,
the thin walls TW are formed to be adjacent to the re-
spective rotation support portions RS1 in a state where
the circular support surfaces CS of the rotation support
portions RS formed at the end portions of the respective
frame base portions FB of a pair of the frame plates 431
and 432 are in contact with the circular rotation surfaces
CR of the rotation center portions RC1 formed at the end
portions of the respective arm base portions AB of a pair
of the side plates 422 and 423 of the handle arm 42A.
These thin walls TW are formed integrally with the re-
spective frame base portions FB of a pair of the frame
plates 431 and 432. In a state where the circular support
surfaces CS and the circular rotation surfaces CR are in
contact with each other, the inner surfaces s32 of the thin
walls TW come into contact with the outer surfaces s22
of the rotation center portions RC1 and thereby prevent
the handle arm 42A from undergoing displacement in the
right-left direction of Fig. 12(a), that is, in the direction in

which the cross bar 30 is extended.
[0050] In the third embodiment, the width B of the cir-
cular support surfaces CS is wider than the width of the
circular rotation surfaces CR, that is, the plate thickness
t2 of the rotation center portions RC1 and is thereby ex-
pressed as: B > t2. Accordingly, in a state where the outer
surfaces s22 of the rotation center portions RC1 are in
contact with the inner surfaces s32 of the thin walls TW,
the circular rotation surfaces CR fall within the width B
of the circular support surfaces CS.
[0051] The third embodiment also achieves the effect
same as the effect of the first embodiment above. In ad-
dition, in the third embodiment, it is possible to combine
the supporting frame 43 with the handle arm 42A formed
of iron plates having the plate thickness t2 different from
the thickness t0 of the frame base portions FB of a pair
of the frame plates 431 and 432. The supporting frame
43 can be therefore standardized.

Fourth Embodiment

[0052] Fig. 13(a) and Fig. 13(b) are exploded views
showing a handle arm and a supporting frame of a circuit
breaker according to a fourth embodiment of the inven-
tion. Fig. 13 (a) is a front view showing the handle arm
of the circuit breaker of the fourth embodiment. Fig. 13
(b) is a sectional front view showing the supporting frame
of the circuit breaker of the fourth embodiment.
[0053] In the fourth embodiment, a handle arm 42B
and a supporting frame 43B shown in Fig. 13(a) and Fig.
13(b) are employed. In the handle arm 42B, the outer
surfaces s22 of rotation center portions RC2 formed at
the end portions of the respective arm base portions A3
of a pair of the side plates 422 and 423 are in the same
planes as the outer surfaces s21 of the respective arm
base portions AB, and the inner surfaces s12 of rotation
center portions RC2 are positioned outside from the
planes containing the inner surfaces s11 of the respective
arm base portions AB by a dimension A. In addition, on
the side of the inner surfaces s31 at the end portions of
the respective frame base portions FB of a pair of the
frame plates 431 and 432, the supporting frame 43B is
provided with the thin walls TW extending along the
planes containing the inner surfaces s31 and formed con-
tinuously and integrally with the frame base portions FB
to be adjacent to the respective rotation support portions
RS2. Other than this difference, the circuit breaker of the
fourth embodiment is configured in the same manner as
the counterpart of the first embodiment above.
[0054] In the handle arm 42B, the inner surfaces s11
of the respective arm base portions AB of a pair of the
side plates 422 and 423 oppose each other with an in-
terval D in between. In the handle arm 42B, the inner
surfaces s12 of the rotation center portions RC2 formed
at the end portions of the respective arm base portions
AB of a pair of the side plates 422 and 423 oppose each
other with an interval D3 larger than the interval D by 2
� A in between. In the supporting frame 43B, the inner
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surfaces s31 of the respective frame base portions FB
of a pair of the frame plates 431 and 432 oppose each
other with an interval D in between. Also, the inner sur-
faces s32 of the thin walls TW formed on the side of the
inner surfaces s31 at the end portions of the respective
frame base portions FB of a pair of the frame plates 431
and 432 are present on the same planes as the inner
surfaces s31 of the respective frame base portions FB
and oppose each other with an interval D in between.
[0055] In the fourth embodiment, too, the thin walls TW
are formed integrally with the respective frame base por-
tions FB of a pair of the frame plates 431 and 432. The
thin walls TW are formed at the end portions of the re-
spective frame base portions FB of a pair of the frame
plates 431 and 432 adjacently to the respective rotation
support portions RS2. The outer surfaces s42 of the thin
walls TW come into contact with the inner surfaces s12
of the respective rotation center portions RC2 in a state
where the circular support surfaces CS of the rotation
support portions RS2 formed at the end portions of the
respective frame base portions FB of a pair of the frame
plates 431 and 432 are in contact with the circular rotation
surfaces CR of the rotation center portions RC2 formed
at the end portions of the respective arm portions AB of
a pair of the side plates 422 and 423 of the handle arm
42B and thereby prevent the handle arm 42B from un-
dergoing displacement in the right-left direction of Fig.
13(a), that is, in the direction in which the cross bar 30
is extended.
[0056] In the fourth embodiment, the rotation center
portions RC2 of the handle arm 42B are within the range
of the plate thickness t0 of the arm base portions AB and
the rotation support portions RS2 and the thin walls TW
of the supporting frame 43B are within the range of the
plate thickness t0 of the frame base portions FB. The
effect same as the effect of the first embodiment above
can be thus achieved.

Fifth Embodiment

[0057] Fig. 14(a) and Fig. 14(b) are exploded views
showing a handle arm and a supporting frame of a circuit
breaker according to a fifth embodiment of the invention.
Fig. 14(a) is a front view showing the handle arm of the
circuit breaker of the fifth embodiment. Fig. 14(b) is a
sectional front view showing the supporting frame of the
circuit breaker of the fifth embodiment.
[0058] In the fifth embodiment, the thin walls TW of the
supporting frame 43B of the fourth embodiment above
are replaced with thin walls TW1 similar to the thin walls
TW1 of the second embodiment above. Other than this
difference, the supporting frame 43B of the fifth embod-
iment is configured in the same manner as the counter-
part of the fourth embodiment above. Also, other than
the supporting frame 43B, the circuit breaker of the fifth
embodiment is configured in the same manner as the
counterpart of the fourth embodiment above.
[0059] In the fifth embodiment, the supporting frame

43B is provided with the thin walls TW1 that are formed
continuously and thereby integrally with the respective
frame base portions FB to be adjacent to the rotation
support portions RS2 on the side of the inner surfaces
s31 at the end portions of the respective frame base por-
tions FB of a pair of the frame plates 431 and 432 in such
a manner as to project slightly inside from the inner sur-
faces s31 and extend along the planes containing the
inner surfaces s31. The thin walls TW1 have a thickness
Al. The inner surfaces s32 of the thin walls TW1 are po-
sitioned slightly inside from the planes containing the in-
ner surfaces s31 of the respective frame base portions
FB whereas the outer surfaces s42 of the thin walls TW1
are positioned between the planes containing the outer
surfaces s41 of the respective frame base portions FB
and the planes containing the inner surfaces s31 of the
respective frame base portions FB. Because the outer
surfaces s42 of the thin walls TW1 are positioned be-
tween the planes containing the outer surfaces s41 of
the frame base portions FB and the planes containing
the inner surfaces s31 of the frame base portions FB,
even when the dimension of projection of the inner sur-
faces s32 of the thin walls TW1 from the inner surfaces
s31 of the frame base portions FB is set, for example, to
1/4 or less of the plate thickness t0 of the frame base
portions FB, the thickness Al of the thin walls TW1 is
sufficient to provide a required strength to the thin walls
TW1.
[0060] In the fifth embodiment, too, the outer surfaces
s42 of the thin walls TW1 formed at the end portions of
the respective frame base portions FB of a pair of the
frame plates 431 and 432 come into contact with the inner
surfaces s12 of the rotation center portions RC2 in a state
where the circular support surfaces CS of the rotation
support portions RS2 formed at the end portions of the
respective frame base portions FB of a pair of the frame
plates 431 and 432 are in contact with the circular rotation
surfaces CR of the rotation center portions RC2 formed
at the end portions of the respective arm base portions
AB of a pair of the side plates 422 and 423 of the handle
arm 42B and thereby prevent the handle arm 42B from
undergoing displacement in the right-left direction of Fig.
14(a), that is, in the direction in which the cross bar 30
is extended.
[0061] In the fifth embodiment, the rotation center por-
tions RC2 are formed within the range of the plate thick-
ness t0 of the respective arm base portions AB of a pair
of the side plates 422 and 423 of the handle arm 42B. In
addition, the rotation support portions RS2 are formed
within the range of the plate thickness t0 of the respective
frame base portions FB of a pair of the frame plates 431
and 432 of the supporting frame 43. Moreover, although
the inner surfaces s32 of the thin walls TW1 slightly
project from the inner surfaces s31 of the respective
frame base portions FB, the outer surfaces s42 are po-
sitioned between the planes containing the outer surfac-
es s41 of the respective frame base portions FB and the
planes containing the inner surfaces s31 of the respective
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frame base portions FB. Accordingly, the outer surfaces
s42 do not protrude outside of the frame plates 431 and
432. Hence, the rotation center portions RC2, the rotation
support portions RS2, and the thin walls TW1 do not pro-
trude outside beyond the required width of the handle
arm 42B or the supporting frame 43B. The handle arm
42B and the supporting frame 43B therefore fall within
the required width. It thus becomes possible to achieve
a size reduction of the circuit breaker by making the width
dimension of the circuit breaker smaller.
[0062] Also, in the fifth embodiment, because the ro-
tation center portions RC2, the rotation support portions
RS2, and the thin walls TW1 do not protrude outside be-
yond the required width of the handle arm 42B or the
supporting frame 43B, the breaking performance can be
ensured when securing phase-to-phase insulation of the
movable contactor 23 held by the cross bar 30 without
the rotation center portions RC2, the rotation support por-
tions RS2, and the thin walls TW1 deteriorating the insu-
lation. Further, because the thin walls TW1 are also
formed integrally with the frame base portions FB of the
supporting frame 43B, the assembly costs can be sup-
pressed by reducing the component costs.

Sixth Embodiment

[0063] Fig. 15(a) through Fig. 15(d) are exploded views
showing a handle arm and a supporting frame of a circuit
breaker according to a sixth embodiment of the invention.
Fig. 15(a) is a front view showing the handle arm of the
circuit breaker of the sixth embodiment. Fig. 15(b) is a
sectional front view showing thE supporting frame of the
circuit breaker of the sixth embodiment. Fig. 15(c) is a
side view showing the handle arm of the circuit breaker
of the sixth embodiment. Fig. 15(d) is a side view showing
the supporting frame of the circuit breaker of the sixth
embodiment.
[0064] In the sixth embodiment, a handle arm 42C and
a supporting frame 43C shown in Fig. 15(a) through Fig.
15(d) are employed. The handle arm 42C is a modifica-
tion of the handle arm 42B of the fourth embodiment
above and the rotation center portions RC3 are modified
so as to have concave circular rotation surfaces CR on
the end surfaces. Other than this difference, the handle
arm 42C is configured in the same as the handle arm
42B of the fourth embodiment above. The supporting
frame 43C is a modification of the supporting frame 43B
of the fourth embodiment above and the rotation support
portions RS3 are modified so as to have convex circular
support surfaces CS. As is shown in Fig. 15(d), the rota-
tion support portions RS3 are formed in a convex shape
between concave portions C1 and C2 on both sides
thereof. Other than this difference, the supporting frame
43C is configured in the same manner as the supporting
frame 43B of the fourth embodiment above.
[0065] In the sixth embodiment, the thin walls TW are
formed continuously with the end portions of the respec-
tive frame base portions FB of a pair of the frame plates

431 and 432 and are thereby formed integrally with the
frame base portions FB. The thin walls TW are adjacent
to the convex rotation support portions RS3 and the inner
ends of the concave portions C1 and C2 at both ends
thereof. The thin walls TW are also extended to a position
higher than the rotation support portions RS3 along the
planes containing the inner surfaces s31 of the respective
frame base portions FB. The outer surfaces s42 of the
thin walls TW come into contact with the inner surfaces
s12 of the rotation center portions RC3 in a state where
the circular support surfaces CS of the rotation support
portions RS3 formed at the end portions of the respective
frame base portions FB of a pair of the frame plates 431
and 432 are in contact with the circular rotation surfaces
CR of the rotation center portions RC3 formed at the end
portions of the respective arm base portions AB of a pair
of the side plates 422 and 423 and thereby prevent the
handle arm 42C from undergoing displacement in the
right-left direction of Fig. 15(a), that is, in the direction in
which the cross bar 30 is extended.
[0066] According to the sixth embodiment, it is possible
to obtain the effect similar to the effect of the fourth em-
bodiment above. In addition, because the area of the thin
walls TW when viewed from the side surfaces can be
enlarged, it becomes possible to further increase the me-
chanical strength of the thin walls TW.

Seventh Embodiment

[0067] Fig. 16(a) through Fig. 16(d) are exploded views
showing a handle arm and a supporting frame of a circuit
breaker according to a seventh embodiment of the in-
vention. Fig. 16(a) is a front view showing the handle arm
of the circuit breaker of the seventh embodiment. Fig. 16
(b) is a sectional front view showing the supporting frame
of the circuit breaker of the seventh embodiment. Fig. 16
(c) is a side view showing the handle arm of the circuit
breaker of the seventh embodiment. Fig. 16(d) is a side
view showing the supporting frame of the circuit breaker
of the seventh embodiment.
[0068] In the circuit breaker of the seventh embodi-
ment, a handle arm 42D and a supporting frame 43D
shown in Fig. 16(a) through Fig. 16(d) are employed. The
handle arm 42D is a modification of the handle arm 42
of the first embodiment above and the supporting frame
43D is a modification of the supporting frame 43 of the
first embodiment above. Other than these differences,
the circuit breaker of the seventh embodiment is config-
ured in the same manner as the counterpart of the first
embodiment above.
[0069] Regarding a pair of the side plates 422 and 423
of the handle arm 42D, each has an arm base portion
AB and a rotation center portion RC4, and the rotation
center portion RC4 is formed at the end portion of the
arm base portion AB continuously with the arm base por-
tion AB and is thereby formed integrally with the arm base
portion AB. The arm base portions AB form the major
portions of the side plates 422 and 423 and have a plate
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thickness t0. Each arm base portion AB has an inner
surface s11 and an outer surface s21, and the inner sur-
face s11 and the outer surface s21 are parallel to each
other. The inner surfaces s11 of the respective arm base
portions AB of a pair of the side plates 422 and 423 of
the handle arm 42D oppose each other with an interval
D in between.
[0070] The rotation center portions RC4 of the handle
arm 42D are portions that serve as the rotation center of
the handle arm 42D. The rotation center portions RC4
are supported on a pair of the frame plates 431 and 432
of the supporting frame 43D in a rotatable manner. The
rotation center portions RC4 have a plate thickness t1.
The plate thickness t1 of the rotation center portions RC4
and the plate thickness t0 of the arm base portions AB
have a relation expressed as Equation (1) above. As is
obvious from Equation (1) above, the plate thickness t1
is smaller than the plate thickness t0 by the dimension A.
[0071] Each rotation center portion RC4 of the handle
arm 42D has an inner surface s12 and an cuter surface
s22, and the inner surface s12 and the outer surface s22
are parallel to each other. The inner surfaces s12 of the
respective rotation center portions RC4 of the handle arm
42D are present in the same planes as the inner surfaces
s11 of the respective arm base portions AB. The inner
surfaces s12 of the respective rotation center portions
RC4 of a pair of the side plates 422 and 423 also oppose
each other with an interval D in between. The outer sur-
faces s22 of the rotation center portions RC4 of the han-
dle arm 42D are positioned between the planes contain-
ing the inner surfaces s11 of the respective arm base
portions AB and the planes containing the outer surfaces
s21 of the respective arm base portions AB. The outer
surfaces 22 are closer to the planes containing the inner
surfaces s11 of the arm base portions AB than the planes
containing the outer surfaces s21 thereof by the dimen-
sion A.
[0072] In the seventh embodiment, the respective ro-
tation center portions RC4 of a pair of the side plates 422
and 423 of the handle arm 42D protrude toward a pair of
the frame plates 431 and 432 of the supporting frame
43D and convex circular rotation surfaces CR are formed
on the protruding end surfaces.
[0073] The handle arm 42D is provided with thin walls
TW2 adjacently to the outer surfaces s22 of the respec-
tive rotation center portions RC4. The thin walls TW2
have a thickness A. The thin walls TW2 are formed con-
tinuously with the end portions of the respective arm base
portions AB of a pair of the side plates 422 and 423 and
are thereby formed integrally with the arm base portions
AB. Each thin wall TW2 has an inner surface s32 and an
outer surface s42, and the inner surface s32 and the outer
surface s42 are parallel to each other. As is shown in Fig.
16(c), the thin walls TW2 are formed in a circular shape
across a wide angular range so as to cover the outer
surfaces s22 of the rotation center potions RC4 and fur-
ther to protrude to the outer periphery over the outer sur-
faces s22. The inner surfaces s32 of the thin walls TW2

come into contact with the outer surfaces s22 of the ro-
tation center portions RC4. Meanwhile, the inner surfac-
es s32 of the thin walls TW2 also protrude to the outer
periphery over the outer surfaces s22 of the rotation cent-
er portions RC4.
[0074] In the seventh embodiment, the rotation center
portions RC4 and the thin walls TW2 are formed within
the range of the plate thickness t0 of the arm base por-
tions AB and therefore do not protrude outside beyond
the range of the plate thickness t0 of the arm base por-
tions AB.
[0075] Regarding a pair of the frame plates 431 and
432 of the supporting frame 43D, each has a frame base
portion FB and a rotation support portion RS4. The rota-
tion support portion RS4 is formed at the end portion of
the frame base portion FB. The frame base portions FB
form the major portions of a pair of the frame plates 431
and 432 and have a plate thickness t0. The plate thick-
ness t0 is equal to the thickness of the arm base portions
AB of a pair of the side plates 422 and 423 of the handle
arm 42D. Regarding the frame base portions FB of a pair
of the frame plates 431 and 432 of the supporting frame
43D, each has an inner surface s31 and an outer surface
s41, and the inner surface s31 and the outer surface s41
are parallel to each other. The inner surfaces s31 of the
respective frame base portions FB of a pair of the frame
plates 431 and 432 of the supporting frame 43D oppose
each other with an interval D in between. The interval D
is equal to the interval between the inner surfaces s11
of the respective arm base portions AB of a pair of the
side plates 422 and 423 of the handle arm 42D.
[0076] The rotation support portions RS4 are formed
continuously with the end portions of the respective frame
base portions FB of a pair of the frame plates 431 and
432 of the supporting frame 43D and are thereby formed
integrally with the frame base portions FB. The rotation
support portions RS4 support the rotation center portions
RC4 of a pair of the side plates 422 and 423 of the handle
arm 42D in a rotatable manner. In the seventh embodi-
ment, the rotation support portions RS4 are formed in a
concave shape and have concave circular support sur-
faces CS. The diameter of the circular support surfaces
CS is made nearly equal to the diameter of the corre-
sponding circular rotation surfaces CR of the rotation
center portions RC4. The circular rotation surfaces CR
and the circular support surfaces CS come into contact
with each other at the rotation center point P shown in
Fig. 2 through Fig. 7. The handle arm 42D is thereby
rotated about the rotation center point P.
[0077] The circular support surfaces CS of the rotation
support portions RS4 are formed with a width B from the
inner surfaces s31 at the end portions of the respective
frame base portions FB. The width B is expressed as
Equation (2) above. Each rotation support portion RS4
has an inner surface s51 and an outer surface s61, and
the inner surface s51 and the outer surface s61 are par-
allel to each other. The inner surfaces s51 are positioned
in the same planes as the inner surfaces s31 of the re-
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spective frame base portions FB. Consequently, the out-
er surfaces s61 of the rotation support portions RS4 are
closer to the inner surfaces s31 of the frame base portion
FB than the planes containing the outer surfaces s41 of
the frame base portion FB by the dimension A.
[0078] In the seventh embodiment, the rotation sup-
port portions RS4 of the supporting frame 43D are formed
within the range of the plate thickness t0 of the frame
base portions FB and therefore do not protrude outside
beyond the range of the plate thickness t0.
[0079] In the seventh embodiment, the inner surfaces
s32 of the thin walls TW2 provided to a pair of the side
plates 422 and 423 of the handle arm 42D come, into
contact with the outer surfaces s61 of the support portions
RS4 in a state where the circular support surfaces CS of
the rotation support portions RS4 are in contact with the
circular rotation surfaces CR of the rotation center por-
tions RC4 of the handle arm 42D and thereby prevent
the handle arm 42D from undergoing displacement in the
right-left direction of Fig. 16(a), that is, in the direction in
which the cross bar 30 is extended. The outer surfaces
s42 of the thin walls TW2 are positioned in the planes
containing the outer surfaces s41 of the frame base por-
tions FB of a pair of the frame plates 431 and 432 of the
supporting frame 43D in a state where the circular sup-
port surfaces CS of the rotation support portions RS4 are
in contact with the circular rotation surfaces CR of the
rotation center portions RC4 of the handle arm 42D.
[0080] In the seventh embodiment, the rotation center
portions RC4 and the thin walls TW2 are formed within
the range of the plate thickness t0 of the respective arm
base portions AB of a pair of the side plates 422 and 423
of the handle arm 42D. Also, the rotation support portions
RS4 are formed within the range of the plate thickness
t0 of the respective frame base portions FB of a pair of
the frame plates 431 and 432 of the supporting frame
43D. Consequently, all of the rotation center portions
RC4, the thin walls TW2, and the rotation support portions
RS4 are positioned within the range of the plate thickness
t0 and therefore do not protrude outside beyond the range
of the plate thickness t0. Accordingly, none of the rotation
center portions RC4, the thin walls TW2, and the rotation
support portions RS4 protrudes outside beyond the re-
quired width of the handle arm 42D or the supporting
frame 43D. The handle arm 42D and the supporting
frame 43D therefore fall within the required width. It thus
becomes possible to achieve a size reduction of the cir-
cuit breaker by making the width dimension of the circuit
breaker smaller.
[0081] Also, in the seventh embodiment, because the
rotation center portions RC4, the thin walls TW2, and the
rotation support portions RS4 do not protrude outside
beyond the required width of the handle arm 42D or the
supporting frame 43D, the breaking performance can be
ensured when securing phase-to-phase insulation of the
movable contactor 23 held by the cross bar 30 without
the rotation center portions RC4, the thin walls TW2, and
the rotation support portions RS4 deteriorating the insu-

lation. Further, because the thin walls TW2 are also
formed integrally with the arm base portions AB of the
handle arm 42D, the assembly costs can be suppressed
by reducing the component costs. In addition, because
the contact portions of the circular rotation surfaces CR
and the circular support surfaces CS can be covered with
the thin walls TW2 across a wide range, a lubricant agent
applied on the contact portions can be maintained in a
reliable manner, which makes it possible to prevent en-
trance of powder dust into the contact portions in a reli-
able manner.

Eighth Embodiment

[0082] Fig. 17(a) through Fig. 17(d) are exploded views
showing a handle arm and a supporting frame of a circuit
breaker according to an eighth embodiment of the inven-
tion. Fig. 17(a) is a front view showing the handle arm of
the circuit breaker of the eighth embodiment. Fig. 17 (b)
is a sectional front view showing the supporting frame of
the circuit breaker of the eighth embodiment. Fig. 17(c)
is a side view showing the handle arm of the circuit break-
er of the eighth embodiment. Fig. 17(d) is a side view
showing the supporting frame of the circuit breaker of the
eighth embodiment.
[0083] In the circuit breaker of the eighth embodiment,
a pair of the frame plates 422 and 423 of the handle arm
42D of the seventh embodiment above is modified so as
to have thin walls TW3. In comparison with the thin walls
TW2 of the handle arm 42D employed in the seventh
embodiment above, the thin walls TW3 are formed to
slightly project outside from the outer surfaces s41 of the
respective arm base portions AB. Other than this differ-
ence, the handle arm 42D of the eighth embodiment is
configured in the same manner as the handle arm 42D
of the seventh embodiment above. Other than the handle
arm 42D, the circuit breaker of the eighth embodiment is
configured in the same manner as the counterpart of the
seventh embodiment above. The supporting frame 43D
is therefore configured in the same manner as the coun-
terpart of the seventh embodiment above.
[0084] In the handle arm 42D employed in the eighth
embodiment, as is obvious from Fig. 17(a), the thin walls
TW3 having a thickness A1 are formed at the end portions
of the respective arm base portions AB of a pair of the
side plates 422 and 423 adjacently to the rotation center
portions RC4 and are thereby formed integrally with the
respective arm base portions AB. On the side of the outer
surfaces s21 at the end portions of the respective arm
base portions AB of a pair of the side plates 422 and 423,
the thin walls TW3 slightly project from the outer surfaces
s21. The thin walls TW3 are also extended parallel to the
planes containing the outer surfaces s21. The thickness
A1 is larger than the thickness A of the thin walls TW2
of the handle arm 42D employed in the seventh embod-
iment above and is thereby expressed as: Al > A. The
outer surfaces s42 of the thin walls TW3 are positioned
slightly outside of the planes containing the outer surfac-
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es s21 of the respective arm base portions AB whereas
the inner surfaces s32 of the thin walls TW3 are posi-
tioned between the planes containing the outer surfaces
s21 of the arm base portions AB and the planes contain-
ing the inner surfaces s11 of the arm base portions AB.
Because the inner surfaces s32 of the thin walls TW3 are
positioned between the planes containing the outer sur-
faces s21 of the arm base portions AB and the planes
containing the inner surfaces s11 of the arm base por-
tions AB, even when the dimension of projection of the
outer surfaces s42 of the thin walls TW3 from the outer
surfaces s21 of the arm base portions AB is set, for ex-
ample, to 1/4 or less of the plate thickness t0 of the arm
base portions AB, the thickness A1 of the thin walls TW3
is sufficient to provide a required strength to the thin walls
TW3.
[0085] In the eighth embodiment, in a state where the
circular support surfaces CS of the rotation support por-
tions RS4 formed at the end portions of a pair of the frame
plates 431 and 432 of the supporting frame 43D are in
contact with the circular rotation surfaces CR of the ro-
tation center portions RC4 formed at the end portions of
a pair of the side plates 422 and 423 of the handle arm
42D, the inner surfaces s32 of the thin walls TW3 formed
at the end portions of a pair of the side walls 422 and 423
come into contact with the outer surfaces s61 of the ro-
tation support portions RS4 and thereby prevent the han-
dle arm 42D from undergoing displacement in the right-
left direction of Fig. 17A, that is, in the direction in which
the cross bar 30 is extended.
[0086] In the eighth embodiment, the rotation center
portions RC4 are formed within the range of the plate
thickness t0 of the respective arm portions AB of a pair
of the side plates 422 and 423 of the handle arm 42D
and the rotation support portions RS4 are formed within
the range of the plate thickness t0 of the respective frame
base portions FB of a pair of the frame plates 431 and
432 of the supporting frame 43D. In addition, because
the inner surfaces 32 of the thin walls TW3 are positioned
between the planes containing the outer surfaces s21 of
the arm base portions AB and the planes containing the
inner surfaces s11 of the arm base portions AB, it be-
comes possible to reduce the dimension of projection of
the outer surfaces s42 of the thin walls TW3 from the
outer surfaces s21 of the respective arm base portions
AB of the side plates 422 and 423. Accordingly, the ro-
tation center portions RC4, the thin walls TW3, and the
rotation support portions RS4 do not project outside no-
ticeably beyond the required width of the handle arm 42D
or the supporting frame 43D. The handle arm 42D and
the supporting frame 43D therefore fall substantially with-
in the required width. It thus becomes possible to achieve
a size reduction of the circuit breaker by making the width
dimension of the circuit breaker smaller.
[0087] In the eighth embodiment, because the rotation
center portions RC4, the thin walls TW3, and the rotation
support portions RS4 do not protrude outside noticeably
beyond the required width of the handle arm 42D or the

supporting frame 43D, the breaking performance can be
ensured when securing phase-to-phase insulation of the
movable contactor 23 held by the cross bar 30 without
the rotation center portions RC4, the thin walls TW3, and
the rotation support portions RS4 deteriorating the insu-
lation. Further, because the thin walls TW3 are also
formed integrally with the arm base portions AB of the
handle arm 42D, it becomes possible to suppress the
assembly costs by reducing the component costs.

Ninth Embodiment

[0088] Fig. 18(a) through Fig. 18(d) are exploded views
showing a handle arm and a supporting frame of a circuit
breaker according to a ninth embodiment of the invention.
Fig. 18(a) is a front view showing the handle arm of the
circuit breaker of the ninth embodiment. Fig. 18(b) is a
sectional front view showing the supporting frame of the
circuit breaker of the ninth embodiment. Fig. 18(c) is a
side view showing the handle arm of the circuit breaker
of the ninth embodiment. Fig. 18(d) is a side view showing
the supporting frame of the circuit breaker of the ninth
embodiment.
[0089] In the circuit breaker of the ninth embodiment,
a handle arm 42E and a supporting frame 43E shown in
Fig. 18(a) through Fig. 18(d) are employed. The handle
arm 42E is a modification of the handle arm 42 of the first
embodiment above and the supporting frame 43E is a
modification of the supporting frame 43 of the first em-
bodiment above. Other than these differences, the circuit
breaker of the ninth embodiment is configured in the
same manner as the counterpart of the first embodiment
above.
[0090] Regarding a pair of side plates 422 and 423 of
the handle arm 42E, each has an arm base portion AB
and a rotation center portion RC5. The rotation center
portion RC5 is formed at the end portion of the arm base
portion AB continuously with the arm base portion AB
and is thereby formed integrally with the arm base portion
AB. The arm base portions AB form the major portions
of the side plates 422 and 423 and have a plate thickness
t0. Each arm base portion AB has an inner surface s11
nd an outer surface s21, and the inner surface s11 and
the outer surface s21 are parallel to each other. The inner
surfaces s11 of the respective arm base portions AB of
a pair of the side plates 422 and 423 of the handle arm
42E oppose each other with an interval D in between.
[0091] The rotation center portions RC5 are portions
that serve as the rotation center of the handle arm 42E.
The rotation center portions RC5 are supported on a pair
of the frame plates 431 and 432 of the supporting frame
43E in a rotatable manner. In the ninth embodiment, the
rotation center portions RC5 are formed in a concave
shape and each has a concave circular rotation surface
CR. The circular rotation surfaces CR are formed to have
a width B from the planes containing the outer surface
s21 of the respective arm base portions AB. The width
B is expressed as: B = t0 - A.
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[0092] Thin walls TW4 are formed adjacently to the
respective rotation center portions RC5. The thin walls
TW4 are formed continuously with the respective arm
base portions AB and are thereby formed integrally with
the arm base portions AB. The thin walls TW4 are also
extended toward a pair of frame plates 431 and 432 of
the supporting frame 43E. The thin walls TW4 have a
thickness A. Each thin wall TW4 has an inner surface
s32 and an outer surface s42, and the inner surface s32
and the outer surface s42 are parallel to each other. The
inner surfaces s32 of the thin walls TW4 are present in
the same planes as the inner surfaces s11 of the respec-
tive arm base portions AB. As is obvious from Fig. 18(c),
the thin walls TW4 cover the inner surface side of the
circular rotation surfaces CR.
[0093] In the ninth embodiment, the rotation center
portions RC5 and the thin walls TW4 are formed within
the range of the plate thickness t0 of the arm base por-
tions AB and therefore do not protrude outside beyond
the range of the plate thickness t0 of the arm base por-
tions AB.
[0094] Regarding a pair of the frame plates 431 and
432 of the supporting frame 43E, each has a frame base
portion FB and a rotation support portion RS5. The rota-
tion support portions RS5 of the supporting frame 43E
are formed integrally with the respective frame base por-
tions FB at the end portions thereof. The frame base por-
tions FB form the major portion of a pair of the frame
plates 431 and 432 and have a plate thickness t0. The
plate thickness t0 is equal to the thickness of the arm
base portions AB of a pair of the side plates 422 and 423
of the handle arm 42E. Regarding the frame base por-
tions FB of a pair of the frame plates 431 and 432 of the
supporting frame 43E, each has an inner surface s31
and an outer surface s41, and the inner surface s31 and
the outer surface s41 are parallel to each other. The inner
surfaces s31 of the respective frame base portions FB
of a pair of the frame plates 431 and 432 oppose each
other with an interval D in between. The interval D is
equal to the interval between the inner surfaces s11 of
the respective arm base portions AB of a pair of the side
plates 422 and 423 of the handle arm 42E.
[0095] The rotation support portions RS5 provided to
a pair of the frame plates 431 and 432 of the supporting
frame 43E support the rotation center portions RC5 pro-
vided to a pair of the side plates 422 and 423 of the handle
arm 42E in a rotatable manner. In the ninth embodiment,
the rotation support portions RS5 are formed in a convex
shape and each has a convex circular support surface
CS. The diameter of the circular support surfaces CS is
nearly equal to the diameter of the corresponding circular
rotation surfaces CR of the rotation center portions RC5.
The circular rotation surfaces CR and the circular support
surfaces CS come into contact with each other at the
rotation center point P shown in Fig. 2 through Fig. 7.
The handle arm 42E is thereby rotated about the rotation
center point P.
[0096] The outer surfaces s42 of the thin walls TW4

provided to a pair of the side plates 422 and 423 of the
handle arm 42E come into contact with the inner surfaces
s51 of the rotation support portions RS5 in a state where
the circular support surfaces CS of the rotation support
portion RS5 are in contact with the circular rotation sur-
faces CR of the rotation center portions RC5 of the handle
arm 42E and thereby prevent the handle arm 42E from
undergoing displacement in the right-left direction of Fig.
18(a), that is, in the direction in which the cross bar 30
is extended. The inner surfaces s32 of the thin walls TW4
are positioned in the planes containing the inner surfaces
s31 of the respective frame base portions FB of a pair of
the frame plates 431 and 432 of the supporting frame
43E in a state where the circular support surfaces CS of
the rotation support portions RS5 are in contact with the
circular rotation surfaces CR of the rotation center por-
tions RC5 of the handle arm 42E.
[0097] In the ninth embodiment, the rotation center
portions RC5 and the thin walls TW4 are formed within
the range of the plate thickness t0 of the respective arm
base portions AB of a pair of the side plates 422 and 423
of the handle arm 42E and the rotation support portions
RS5 are formed within the range of the plate thickness
t0 of a pair of the frame plates 431 and 432 of the sup-
porting frame 43E. Consequently, all of the rotation cent-
er portions RC5, the thin walls TW4, and the rotation
support portions RS5 are positioned within the range of
the plate thickness t0 and therefore do not protrude out-
side beyond the range of the plate thickness t0. Accord-
ingly, the rotation center portions RC5, the thin walls
TW4, and the rotation support portions RS5 do not pro-
trude outside beyond the required width of the handle
arm 42E or the supporting frame 43E. The handle arm
42E and the supporting frame 43E therefore fall within
the required width. It thus becomes possible to achieve
a size reduction of the circuit breaker by making the width
dimension of the circuit breaker smaller.
[0098] Also, in the ninth embodiment, because the ro-
tation center portions RC5, the thin walls TW4, and the
rotation support portion RS5 do not protrude outside be-
yond the required width of the handle arm 42E or the
supporting frame 43E, the breaking performance can be
ensured when securing phase-to-phase insulation of the
movable contactor 23 held by the cross bar 30 without
the rotation center portions RC5, the thin walls TW4, and
the rotation support portions RS5 deteriorating the insu-
lation. Further, because the thin walls TW4 are also
formed integrally with the arm base portions AB of the
handle arm 42E, the assembly costs can be suppressed
by reducing the component costs. In addition, because
the thin walls TW4 are provided to the handle arm 42E,
the thin walls TW4 can be readily replaced together with
the handle arm 42E when deformed or damaged.

Tenth Embodiment

[0099] Fig. 19(a) and Fig. 19(b) are exploded views
showing a handle arm and a supporting frame of a circuit
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breaker according to a tenth embodiment of the inven-
tion. Fig. 19 (a) is a front view showing the handle arm
of the circuit breaker of the tenth embodiment. Fig. 19(b)
is a sectional front view showing the supporting frame of
the circuit breaker of the tenth embodiment.
[0100] In the tenth embodiment, the circular rotation
surfaces CR formed in the handle arm 42 of the first em-
bodiment above are formed as circular rotation inclined
surfaces CR1 and the circular support surfaces CS
formed in the supporting frame 43 of the first embodiment
above are formed as circular support inclined surfaces
CS1. Other than these differences, the handle arm 42 of
the tenth embodiment is configured in the same manner
as the counterpart of the first embodiment above and the
supporting frame 43 of the tenth embodiment is config-
ured in the same manner as the counterpart of the first
embodiment above. Also, other than these differences,
the circuit breaker of the tenth embodiment is configured
in the same manner as the counterpart of the first em-
bodiment above.
[0101] In the tenth embodiment, the circular rotation
inclined surfaces CR1 are formed to incline in a direction
in which the cross bar 30 is extended in such a manner
that the diameter of the rotation center portions RC on
the side of the outer surfaces s22 becomes larger than
the diameter on the side of the inner surfaces s12. The
circular support inclined surfaces CS1 are formed to in-
cline in a direction in which the cross bar 30 is extended
correspondingly to the inclination of the circular rotation
inclined surfaces CR1 in such a manner that the diameter
of the rotation support portions RS on the side of the
outer surfaces s41 becomes larger than the diameter on
the side of the inner surfaces s31.
[0102] The handle arm 42 is kept pushed in the direc-
tion of the supporting frame 43 by the main spring 48 and
the pushing force in the direction of the supporting frame
43 generates a component force that forces the rotation
center portions RC outward on the contact surfaces of
the circular rotation inclined surfaces CR1 and the circu-
lar support inclined surfaces CS1. According to this com-
ponent force, the outer surfaces s22 of the rotation center
portions RC are pressed against the inner surfaces s32
of the thin walls TW and this configuration prevents a fall-
off of the handle arm 42.
[0103] As has been described, it is possible in the tenth
embodiment to achieve the effect same as the effect of
the first embodiment above. In addition, by pressing the
rotation center portions RC against the thin walls TW by
the circular rotation inclined surfaces CR1 and the circu-
lar support inclined surfaces CS1, it becomes possible
to prevent a fall-off of the handle arm 42.

Eleventh Embodiment

[0104] Fig. 20(a) and Fig. 20(b) are exploded views
showing a handle arm and a supporting frame of a circuit
breaker according to an eleventh embodiment of the in-
vention. Fig. 20(a) is a front view showing the handle arm

of the circuit breaker of the tenth embodiment. Fig. 20(b)
is a sectional front view showing the supporting frame of
the circuit breaker of the eleventh embodiment.
[0105] In the eleventh embodiment, the circular rota-
tion surfaces CR formed in the handle arm 42 of the sec-
ond embodiment above are formed as circular rotation
inclined surfaces CR1 and the circular support surfaces
CS formed in the supporting frame 43 of the second em-
bodiment above are formed as circular support inclined
surfaces CS1. other than these differences, the handle
arm 42 of the eleventh embodiment is configured in the
same manner as the counterpart of the second embod-
iment above and the supporting frame 43 of the eleventh
embodiment is configured in the same manner as the
counterpart of the second embodiment above. Also, oth-
er than these differences, the circuit breaker of the elev-
enth embodiment is configured in the same manner as
the counterpart of the second embodiment above.
[0106] In the eleventh embodiment, the circular rota-
tion inclined surfaces CR1 are formed to incline in a di-
rection in which the cross bar 30 is extended in such a
manner that the diameter of the rotation center portions
RC on the side of the outer surfaces s22 becomes larger
than the diameter on the side of the inner surfaces s12.
The circular support inclined surfaces CS1 are formed
to incline in a direction in which the cross bar 30 is ex-
tended correspondingly to the inclination of the circular
rotation inclined surfaces CR1 in such a manner that the
diameter of the rotation support portions RS on the side
of the outer surfaces s41 becomes larger than the diam-
eter on the side of the inner surfaces s31.
[0107] The handle arm 42 is kept pushed in the direc-
tion of the supporting frame 43 by the main spring 48 and
the pushing force in the direction of the supporting frame
43 generates a component force that forces the rotation
center portions RC outward on the contact surfaces of
the circular rotation inclined surfaces CR1 and the circu-
lar support inclined surfaces CS1. According to this com-
ponent force, the outer surfaces s22 of the rotation center
portions RC are pressed against the inner surfaces s32
of the thin walls TW and this configuration prevents a fall-
off of the handle arm 42.
[0108] As has been described, it is possible in the elev-
enth embodiment to achieve the effect same as the effect
of the second embodiment above. In addition, by press-
ing the rotation center portions RC against the thin walls
TW by the circular rotation inclined surfaces CR1 and
the circular support inclined surfaces CS1, it becomes
possible to prevent a fall-off of the handle arm 42.
[0109] It should be appreciated that the circular rota-
tion inclined surfaces CR1 and the circular support in-
clined surfaces CS1 of the tenth embodiment and the
eleventh embodiment can be employed in the third
through ninth embodiments instead of the circular rota-
tion surfaces CR and the circular support surfaces CS.
[0110] The circuit breaker of the invention described
above is used in an earth leakage breaker and a molded
case circuit breaker.
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Claims

1. A circuit breaker comprising:

a stationary contact (21) disposed on an insu-
lating base (11);
a movable contactor (23) having a movable con-
tact (22) that comes into contact with and moves
apart from the stationary contact (21);
a cross bar (30) disposed on the insulating base
(11) in a rotatable manner and holding the mov-
able contactor (23);
a handle arm (42)(42A)(42B)(42C)(42D)(42E)
attached to a manually operated handle (41);
a supporting frame (43)(43B)(43C)(43D)(43E)
fixed to the insulating base (11) and axially sup-
porting the handle arm (42)(42A)(42B)(42C)
(42D)(42E) in a rotatable manner;
a rotary lever (44)(441)(442) engaged with a
latch (34) of a tripping device (33) and rotating
when tripped;
a lower link (46)(461)(462) driving the cross bar
(30);
an upper link (45)(451)(452) axially supported
on the rotary lever (44)(441)(442) and coupled
to the lower link (46)(461)(462) via a spring pin
(47) to form a toggle link; and
a main spring (48)(481)(482) interlocked with
the handle arm (42)(42A)(42B)(42C)(42D)(42E)
at a drive end of the main spring (48)(481)(482)
and coupled to the spring pin (47) at a driven
end of the main spring (48)(481)(482),
the circuit breaker being characterized in that:
the handle arm (42)(42A)(42B)(42C)(42D)(42E)
is formed of a metal plate, and the handle arm
(42)(42A)(42B)(42C)(42D)(42E) has an arm
base portion (AB) and a rotation center portion
(RC)(RC1)(RC2)(RC3)(RC4)(RC5) formed in-
tegrally with the arm base portion (AB) at its end
portion;
the supporting frame (43)(43B)(43C)(43D)
(43E) is formed of a metal plate, and the sup-
porting frame (43)(43B)(43C)(43D)(43E) has a
frame base portion (FB) and a rotation support
portion (RS)(RS2)(RS3)(RS4)(RS5) that is
formed integrally with the frame base portion
(FB) at its end portion, and the rotation support
portion (RS) (RS2)(RS3)(RS4)(RS5) comes in-
to contact with the rotation center portion (RC)
(RC1)(RC2)(RC3)(RC4)(RC5) of the handle
arm (42)(42A)(42B)(42C)(42D)(42E); and
one of the arm base portion (AB) and the frame
base portion (FB) is provided with a thin wall
(TW)(TW1)(TW2)(TW3)(TW4) formed integral-
ly so as to be adjacent to the rotation center por-
tion (RC)(RC1)(RC2)(RC3)(RC4)(RCS) or the
rotation support portion (RS)(RS2)(RS3)(RS4)
(RS5), and an inner surface (s32) or an outer

surface (s42) of the thin wall (TW)(TW1)(TW2)
(TW3)(TW4) is formed to be positioned between
a plane containing an outer surface (s21)(s41)
of the arm base portion (AB) or the frame base
portion (FB) and a plane containing an inner sur-
face (s11)(s31) thereof and thereby prevents the
rotation center portion (RC)(RC1)(RC2)(RC3)
(RC4)(RC5) of the handle arm (42)(42A)(42B)
(42C)(42D)(42E) from undergoing displace-
ment in a direction in which the cross bar (30)
is extended.

2. The circuit breaker according to claim 1, character-
ized in that:

the rotation center portion (RC)(RC1)(RC2) of
the handle arm (42)(42A)(42B) has a convex cir-
cular rotation surface (CR)(CR1), the rotation
support portion (RS)(RS2) of the supporting
frame (43)(43B) has a concave circular support
surface (CS)(CS1), and the thin wall (TW)(TW1)
is formed integrally with the frame base portion
(FB) adjacently to the circular support surface
(CS)(CS1).

3. The circuit breaker according to claim 1, character-
ized in that:

the rotation center portion (RC3) of the handle
arm (42C) has a concave circular rotation sur-
face (CR), the rotation support portion (RS3) of
the supporting frame (43C) has a convex circular
support surface (CS), and the thin wall (TW) is
formed integrally with the frame base portion
(FB) adjacently to the circular support surface
(CS).

4. The circuit breaker according to claim 1, character-
ized in that:

the rotation center portion (RC4) of the handle
arm (42D) has a convex circular rotation surface
(CR), the rotation support portion (RS4) of the
supporting frame (43D) has a concave circular
support surface (CS), and the thin wall (TW2)
(TW3) is formed integrally with the arm base por-
tion (AB) adjacently to the circular rotation sur-
face (CR).

5. The circuit breaker according to claim 1, character-
ized in that:

the rotation center portion (RC5) of the handle
arm (42E) has a concave circular rotation sur-
face (CR), the rotation support portion (RS5) of
the supporting frame (43E) has a convex circular
support surface (CS), and the thin wall (TW4) is
formed integrally with the arm base portion (AB)
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adjacently to the circular rotation surface (CR).

6. The circuit breaker according to any one of claims 2
through 5, characterized in that:

diameters of the circular rotation surface (CR)
and the circular support surface (CS) are sub-
stantially equal.

7. The circuit breaker according to any one of claims 2
through 5, characterized in that:

the circular rotation surface (CR1) and the cir-
cular support surface (CS1) are formed to incline
in the direction in which the cross bar (30) is
extended.
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