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Operating mechanism for a circuit breaker.

@ The present invention relates to an operating from pulsation of a load and the drive source
mechanism for a circuit breaker; having an opening smoothly rotates, resulting in that a small drive
means carrying out open-circuit operation by source is enough for use and the large gear and
deenergization thereof and a closing means carrying small gear are not subjected to an overload, thereby
out closing-circuit operation by rotation of a cam the present invention can provide an operating
caused by deenergization of the closing means so mechanism of a large current and a large capacity.

that the opening means conserves energy by
deenergization of the closing means and the closing
means conserves energy by rotation of the cam; and
the operating mechanism according to the present
™= invention is provided with a large gear fixed coaxially
with the cam and lacking in teeth in part and a small
gear rotatably driven by a drive source in relation of
engaging with the large gear, so that the non-tooth
@\J portion of the large gear is provided at the position
thereof where the large gear disengages from the
small gear just after the closing means completes its
Q. energy conservation, whereby the small gear, after
|-l-lcompletion of energy conservation of the closing
means is completed, runs idle in the non-tooth por-
tion and the drive source for the small gear is free
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OPERATING MECHANISM FOR A CIRCUIT BREAKER

BACKGROUND OF THE INVENTION

Field of the invention

The present invention relates to an operating
mechanism for switching a circuit breaker.

Description of the Prior Art

Operating duty of a power circuit breaker, as
disclosed in JEC-2300 (Japanese Electrotechnical
Commission-2300), is 0-0.35sec-CO-1min-CO for a
high speed switch.

Herein, reference O designates open-circuit op-
eration, and CO designates open-circuit operation
following closing-circuit operation without a spare
time.

Therefore, it is necessary for the operating
mechanism for the circuit breaker to conserve,
before the initial open-operation, energy for at least
0-0.35sec-CO operation, that is, two times open-
operation and one time closing-operation, because
for the next 1 min there is means for conserving
energy of CO, but it is difficult to conserve large
energy for 0.35 sec.

There is another operating duty of CO-15sec-
CO, in which, when the energy needful to CO can
be conserved for 15 second, the operating duty is
completed.

For example, the conventiional examples dis-
closed in the Japanese Utility Model Laid-Open
Gazette No. 59-85546 (1985) and the Japanese
Patent Laid-Open Gazette No. 61-86619 (1987) are
designed to satisfy the aforesaid operating duty.

Next, explanation will be given on the conven-
tional apparatus satisfying the aforesaid operating
duty.

Fig. 1 through 3 are views showing the conven-
tional spring operation mechanism in construction,
in which Fig. 1 shows a closed-circuit condition,
Fig. 2 an open-circuit condition, and Fig. 3 shows
de-energized condition of a closing spring.

In the drawing, a reference numeral 100 des-
ignates a movable contact for the circuit breaker,
and 109 designates a lever for controlling switching
operation of the movabie contact 100, the movable
contact 100 being connected to the utmost end of
a projection at the central portion of lever 109. At
the center of lever 109 is provided a rolier 109a
engageable with a cam 101 to be discussed below
and for actuating the lever 109. The lever 109 is
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connected at one end thereof to an open spring
103 and provided at the other end thereof with a
pin 104 engageable with a trip laich 1086.

The cam 101 is fixed to a cam shaft 108
coaxially with a ratchet wheel 107, and a closing
spring 102 for biasing the raichet wheel 107 is
connected thereto, the cam 101, ratchet wheel 107
and cam shaft 108 being integrally fixed - by
deenergizing the closing spring 102 and rotating
together. At the ratchet wheel 107 is provided with
a pin 118, with which engages a closing latch 111
retained by a closing trigger 110 retained or ac-
tuated by a plunger 112 actuated by a closing
magnet 113. In addition, the ratchet wheel 107 has
at the outer periphery thereof a portion provided
with no ratchet teeth.

The trip latch 106 retained by a trip trigger 105
retained or actuated by a plunger 116 actuated by
a trip magnet 117 engages with the pin 104 pro-
vided at one end of the lever 109.

Aiso, a reference numeral 114 designates a
pawl shaft connected to a drive source through a
gear (not shown). The pawl shaft 114 is provided
with two eccentric pawis 115 and rotates to move
the pawls 115 in swinging motion, thereby rotating
the ratchet wheel 107.

Next, explanation will be given in operation of
the conventional apparatus.

Referring to Fig. 1, the open-circuit operation
will be described, in which the lever 109 is nor-
mally given a clockwise torque (in the direction of
the arrow B) by a leftward (in the direction of the
arrow A) urging force of the energized open spring
103, the torque B being held by retaining the pin
104 by the trip latch 106 and the trip trigger 105.

Accordingly, when the trip magnet 117 is en-
ergized to project the plunger 116 leftwardly in the
direction of the arrow C), the trip trigger 105 rotates
counterclockwise. Hence, the trip latch 106 dis-
engages from the pin 104, resulting in that the
tever 109 rotates clockwise (in the direction of the
arrow B) by the afore-said torque to open the
movable contact 100, thereby breaking the circuit.

Fig. 2 shows the completed open-circuit opera-
tion.

Next, explanation will be given on closing-cir-
cuit operation.

In Fig. 2, a closing spring 102 connected to the
ratchet whee! 107 is biased to give to a cam shaft
108 a clockwise torque (in the direction of the
arrow D), but a closing latch 111 engaging with a
pin 118 provided at the ratchet wheel 107 and a
closing trigger 110 retaining the closing latch 111
restrain the ratchet wheel 107 from rotation. In such
state, when the closing electromagnet 113 is en-
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ergized to move the plunger 112 leftwardly (in the
direction of the arrow E), the closing trigger 110
rotates counterclockwise (in the direction of the
arrow F), whereby the closing latch 111 releases
the engagement of the pin 118.

Then, the cam 101 rotates clockwise by a
torque D and the roller 109a is pushed by the cam
101 to rotate counterclockwise (in the direction of
the arrow G). As a resuit, the lever 108 compresses
the open spring 103 and closes the movable con-
tact 100. Fig. 3 shows the state where the clos ing
operation is completed and the pin 104 is again
retained to the trip latch 106.

Next, explanation will be given on energy con-
serving operation of the closing spring 102.

As shown in Fig. 3, just after completion of
closing operation, the closing spring 102 is in
deenergized condition. In this case, the drive
source is started to rotate the pawl shaft 114. Since
the pawl shaft 114 is eccentric, the two pawls 115
carry out swinging motion, whereby the ratchet
wheel 107 rotates clockwise (in the direction of the
arrow H) to energize the closing spring 102, and at
this time the cam shaft 108 is given a clockwise
torque (in the direction of the arrow H) at the
position beyond the upper dead-point of the ratch
wheel 107 of the closing spring 102, the torque
being held by engagement of the pin 118 with the
closing latch 111 and then the state shown in Fig. 1
is again obtained.

In addition, in the state shown in Fig. 1, since
the two pawis 115 correspond to the no tooth
portion at the ratchet wheel 107, even when the
pawls 115 swing, the ratchet wheel 107 is given no
torque, so that the pawl shaft 114 is idle and an
overload caused by the rotation of drive source is
not given to the pawls 115 or closing latch 111.

The conventional spring operating mechanism,
however, is constituted as above-mentioned, so
that when the drive source rotates the pawl shaft
114 to swing the pawis 115, a load with respect fo
the drive source puisates. Accordingly, the energy
efficiency of the drive source is poor, resulting in
that the problem is created in that a drive source
larger in capacity is required. Also, the pawl 115 is
obliged to be pointed at the tip. Hence, the above-
mentioned mechanism cannot be applied to the
spring operating mechanism of a large spring load.

SUMMARY OF THE INVENTION

The present invention has been designed to
solve the above problem. A first object of the
invention is to provide an operating mechanism for
the circuit breaker. in which an energy conserving
apparatus for the open spring and closing spring is
provided with a large gear lacking in teeth in part
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and a small gear engageable with the large gear,
the no tooth portion at the large gear being pro-
vided at the position where the large gear dis-
engages from the small gear just after the energy
conservation of the closing spring has been com-
pleted. Hence, pulsation of the load on the small
gear with respect to a drive source thereof can be
reduced, whereby a drive source of small capacity
is enough for use.

A second object of the present invention is to
provide an operating mechanism for a circuit
breaker which is pro vided at the large gear with a
reengagement mechanism with respect to the
small gear, whereby as module of gear is desir-
ably selectable to conserve energy in a spring of
large capacity, resulting in that an operating
mechanism of a large circuit and large capacity.

A third object of the present invention is fo
provide an operating mechanism for a circuit
breaker wherein the reengagement mechanism is
provided with a plunger having the utmost end of
the same tooth form as the small gear, thereby
enabling the large gear and the small gear to be
soothly reengaged.

The above and further objects and features of
the invention will more fuily be apparent from the
following detailed description with accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a structural view of the conventionai
spring operating mechanism in a closed-circuit
condition,

Fig. 2 is a structural view of the conventjonal
spring operating mechanism in an open-circuit con-
dition,

Fig. 3 is a structural view of the conventional
spring operating mechanism when a closing spring
is deenergized,

Fig. 4 is a structural view of an embodiment
of a spring operating mechanism of the invention in
a state of closed-circuit,

Fig. 5 is a is a structural view of the spring
operating mechanism of the invention in a state of
open-circuit,

Fig. 6 is a sfructural view of the spring
operating mechanism of the invention when a clos-
ing spring is deenergized, and

Fig. 7 is a partially enlarged view of Fig. 4
embodiment.
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DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

Next, an embodiment of a circuit breaker of the
invention will be concretely described.

Fig. 4 shows the closed-circuit condition there-
of, Fig. 5 the open-circuit condition, and Fig. 6 isa
closing spring in deenergized condition.

In the drawing, a lever 2 is pivotally supported
on a rotary main shaft 1 and fixes at the inside of
the lever 2 one end of open torsion bar 3 of the
closing spring, so that the rotary main shaft 1, in
turn the lever 2, is given a counterClockwise torque
(in the direction of the arrow a, by an elastic force
of open torsion bar 3. Also, the lever 2 is provided
with a roller 10, and a cam 11 for rotating the lever
2 through the roller 10 is provided in relation of
being connected with a large gear 8 to be dis-
cussed below through a cam shaft 12, the cam 11
and large gear 8 integrally rotating.

A closing lever 4 pivotally supported on a clos-
ing main shaft 6 and rotatably pin-connected at the
utmost end with a link 5, the large gear 8 being
pivotally supported rotatably on the closing lever 4
(link 5). A closing torsion bar 7 of closing spring is
fixed at one end on the inside of closing main shaft
6 so that the closing main shaft 6 is given a
counterclockwise torque (in the direction of the
arrow b) by an elastic force of the closing torsion
bar 7.

A small gear 9 connected to the drive source
through a gear (not shown) is provided in relation
of engaging with the large gear 8. The large gear 8
lacks in teeth in part so that at the position where
the closing torsion bar 7 conserves energy the
small gear 9 corresponds to a non-tooth portion 8a
of the large gear 8, thereby not engaging therewith.

Also, as shown in Fig. 7, at the non-tooth
portion 8a of the large gear 8 is formed a bore 20
extending radially on the pitch of teeth, and into the
bore 20 a plunger 14 tooth-formed at the utmost

end is provided in relation of freely projecting or .

retracting through a spring 13 and guided by a
guide 15, the plunger 14 being formed to engage
with the small gear 9. .

Furthermore, the lever 2 connects with a buffer
16 for buffering an impact caused by the open or
the closing operation.

In addition, a movable contact 100 is in an arc
extinguish chamber and connected to the lever 2
through a linkage mechanism (not shown). Also,
the components designated by reference numerals
104 to 108, 110 to 113 and 116 fo 118 are the
same as or corresponding to those in the conven-
tional apparatus, which are omitted of explanation
herein.

Next, explanation will be given on operation of
the circuit breaker of the invention, at first on the
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open operation.

As shown in Fig. 4, the trip latch 106 and trip
trigger 105 hold a torque (in the direction of the
arrow a) given to the lever 2. Accordingly, when a
trip electromagnet 117 is energized in this state, a
plunger 116 thereof moves rightwardly (in the di-
rection of the arrow c), the trip trigger 105 rotates
clockwise (in the direction of the arrow d), and the
trip latch 106 rotates counterclockwise (in the di-
rection of the arrow e) by reaction from a pin 104.

When the trip latch 106 disengages from the
pin 104, the lever 2 rotates counterclockwise (in the
direction of the arrow a) by a force of the open
torsion bar 3, so that the movable contact 100 in
the arc extinction chamber is driven in the direction
of open whereby the circuit is open.

Fig. 5 shows completion of such operation.
Next, explanation will be given on closing opera-
tion.

As shown in Fig. 5, since the cam 11 is con-
nected to the closing lever 4 through the cam shatft
12, large gear 8 and link 5, an elastic force of the
closing torsion bar 7 gives a clockwise torque (in
the direction of the arrow f) to the cam 11, the
torque being held by a closing latch 111 and
closing trigger 110.

In this state, when a closing electromagnet 113
is energized, a plunger 112 thereof moves rightwar-
dly (in the direction of the arrow g) and a closing
trigger 110 rotates clockwise (in the direction of the
arrow h). As a result, the closing latch 111 is
released from the closing trigger 110 and rotates
counterclockwise (in the direction of the arrow i) by
reaction from a pin 118.

When the closing latch 111 disengages from
the pin 118, the cam 11 rotates clockwise (in the
direction of the arrow f) by an elastic force of the
closing torsion bar 7 through the closing lever 4
and link 5, thereby pushing up the roller 10 pro-
vided at the lever 2. The lever 2 twists the open
torsion bar 3 clockwise (in the direction of the
arrow j) and closes the movable contact 100.

Fig. 6 shows the state where the closing opera-
tion is completed and the pin 104 again engages
with the trip latch 106 and is held thereto.

In addition, the closing torsion bar 7 is deener-
gized while energizing the open torsion bar 3,
whereby the conserved energy of closing torsion
bar 7 is larger than that of open torsion bar 3.

Next, explanation will be given on energy con-
serving operation of the closing torsion bar 7. As
shown in Fig. 6, the closing torsion bar 7 is in the
state of deenergization just after the closing opera-
tion has been completed. The smali gear 9 rotates
counter clockwise (in the direction of the arrow k)
by the drive source (not shown) so that the large
gear 8 in engagement with the small gear 9 rotates
clockwise (in the direction of the arrow I). Then, the
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closing torsion bar 7 rotates clockwise (in the direc-
tion of the arrow m) through the link 5, closing
lever 4 and closing main shaft 6 and conserves
energy. At the position beyond the dead point
where the direction of a tensile load of link 5
intersects the center of cam shaft 12, the cam shaft
12 is given a clockwise torque by an elastic force
of the closing torsion bar 7 through the link 5, and
simultaneously the small gear 9 corresponds to the
non-tooth portion 8a of the large gear 8, thereby
disengaging therefrom.

The clockwise torque (in the direction of the
arrow 1) of large gear 8 by an elastic force of
closing torsion bar 7 is held by engaging of the pin
118 with the closing latch 111, that is, the spring
operating mechanism is restored to the state
shown in Fig. 4. In this state, the small gear 9
disengages from the large gear 8 so that, even
when the drive source is driven, the small gear 9 is
idle within the non-tooth portion 8a of the large
gear 8. Hence, the large gear 8 is not given a
driving force from the drive source, thereby pre-
venting the closing latch 111 and pin 118 from
being subjected to an excessive load.

In the initial period of circuit-closing operation,
when the large gear 8 and the small gear 9 begin
tc engage with each other at the non-tooth portion
8a, teeth of both gears 8 and 9 may contact at the
tooth crest each other not to start smooth engage-
ment due to the mutual positional relation. The
present embodiment, however, when the teeth of
small gear 9 interfere with the plunger 14 provided
in the bore 20 at the non-tooth portion 8a of the
large gear 8, retracts the plunger 14 and allows
both the gears 8 and 9 to mutually shift, thereby
reliably engaging with each other.

In this embodiment, both the large gear 8 and
smail gear 9 use a spur gear respectively, but they
may alternatively use a helical gear or a bevel
gear. Also, the closing torsion bar and open torsion
bar are used as the closing spring and open
spring, but -a coil spring or a spiral spring may
alternatively be used, or other springs may be
used. In either case, the same effect as the afore-
said embodiment is obtained.

As seen from the above, in the present inven-
tion, the energy conserving apparatus of the clos-
ing spring is fixed coaxially with the cam, the large
gear lacking in teeth in part and the small gear
engageable with the large gear and rotatably driven
by the drive source are provided to form the non-
tooth portion at the portion of large gear where the
smail gear disengages therefrom just after comple-
tion of energy conservation of the closing circuit
spring, and both the gears are adapted to smoothly
engage with each other, whereby the load on the
drive source is free from pulsation and the drive
source of small capacity is enough for use. Also,
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since a module of the gear can desirably be se-
lected, thereby enabling the large capacity spring
to conserve energy and not applying an overload
on the gear. Hence, an operating mechanism for
the circuit breaker inexpensive to produce and of a
large current and a large capacity is obtainable.

As this invention may be embodied in several
forms with out departing from the spirit of essential
characteristics thereof, the present embodiment is
therefore illustrative and not restrictive, since the
scope of the invention is defined by the appended
claims rather than by the description preceding
them, and all changes that fall within the meets and
bounds of the claims, or equivalence of such meets
and bounds thereof are therefore intended to be
embraced by the claims.

Claims

1. An operating mechanism for a circuit break-
er provided with an opening means carrying out
open-circuit operation by deenergization thereof, a
closing means carrying out closing-circuit operation
by a cam rotating by deenergization of said closing
means, and an energy conserving device carrying
out energy conservation of said opening means by
deenergization of said closing means and energy
conservation of said opening means by deener-
gization of said closing means and energy con-
servation of said closing means by rotation of said
cam, said operating mechanism being char-acter
ized in that said energy conservation device is
provided with a large gear fixedly mounted co-
axially with said cam and having a non-tooth por-
tion lacking in teeth, and

a small gear rotatable in engagement with said
large gear,
said non-tooth portion of said large gear being
provided at the position where said large gear
disengages from said small gear just after energy
conservation of said closing means completed.

2. An operating mechanism for a circuit break-
er according to claim 1, having at said non-tooth
portion of said large gear a plunger provided in
relation of being movable in radical direction of
said large gear, a spring moving said plunger in
radial direction of said large gear, and a guide for
guiding movement of said plunger

3. An operating mechanism for a circuit break-
er according to claim 2, wherein said plunger is the
same in configuration at the utmost end as the
tooth of said small gear.

4. An operating mechanism for a circuit break-
er according to claim 2, wherein said guide is
provided coaxiaily with said plunger.
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5. An operating mechanism for a circuit break-
er, wherein said large gear and small gear are spur
gears.

6. An operating mechanism for a circuit break-
er according to claim 1, wherein said large gear 5
and small gear are helical gears.

7. An operating mechanism for a circuit break-
er according to claim 1, wherein said large gear
and small gear are bevel gears.

8. An operating mechanism for a circuit break- 10
er according to claim 1, wherein said opening
means and closing means are torsion bar springs.

9. An operating mechanism for a circuit break-
er according to claim 8, wherein said torsion bar
spring of said closing means is fixed at one end 15
thereof to the rotary shaft of a lever pivotally sup-
porting said large gear rotatably.

10. An operating mechanism for a circuit
breaker according to claim 1, wherein said opening
means and closing means are coil springs. 20

11. An operating mechanism for a circuit
breaker according to claim 10, wherein said coil
spring of said closing means is fixed at one end
thereof to the rotary shaft of said lever pivotally
supporting said large gear rotatably. 25

12. An operating mechanism for a circuit
breaker according to claim 1, wherein said opening
means and closing means are spiral springs.

13. An operating mechanism for a circuit
breaker according to claim 12, wherein said spiral 30
spring of said closing means is fixed at one end
thereof to the rotary shaft of said lever pivotally
supporting said large gear rotatably.
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