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(54) Switching apparatus

(57) A switching apparatus comprising an operating
device (1), a main circuit switch (4), and an earthing
switch (5), which comprises: a common shaft (8); a first
operating lever (6) connected to a movable electrode of
the main circuit switch (4) ; and a second operating lever

FIG. 1

(7) connected to a movable electrode of the earthing
switch (5) corresponding to the main circuit switch (4),
characterized in that the first and second lever are unit-
ed and stacked around the common shaft alternately,
and the levers are being able to turn around the common
shaft.
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Description
FIELD OF THE INVENTION:

[0001] The presentinvention relates to a switching ap-
paratus for power distribution equipments or power trans-
mission systems, and more particularly to a switching
apparatus having a new operating device for operating
main circuit switches and earthing switches.

BACKGROUND OF THE INVENTION:

[0002] Conventional vacuum switching apparatuses
are quipped with an operating device wherein an open-
ing-closing lever crossing over an operator side, which
has a closing coil for driving a closing rod in an axial
direction thereof and a circuit breaker side having three
vacuum valves for three phases is connected to the circuit
breaker side and a shaft extending in a direction perpen-
dicular to the axis of the closing rod. Thus, the three vac-
uum valves are operated in a synchronizing opening-
closing operation. See patent document No. 1, for in-
stance.

[0003] The patent document No. 2 discloses a multi-
circuit switching apparatus comprising a mechanical in-
terlocking mechanism for limiting a swing action of a lever
in a closing direction of a main circuit switch and an earth-
ing switch, wherein a shaft extending in a horizontal di-
rection is disposed above an operating rod between the
main circuit switch and the earthing switch, two levers
rotatably supported by the shaft, and two pins for con-
necting the operating rods of the switches with one ends
of the levers (Fig. 11).

[0004] Itis necessary to dispose an interlocking mech-
anism for preventing closing operation of the switches
when other switches are closed to the operating levers.
For example, the interlocking mechanism comprises a
link member connected to a pin and the lever, aninterlock
pin connected to one end of the link member, and a guide
having an ellipse hole thereby moving the interlock pin
up and down. When one of the switches is in a closed
position, operation of the lever is impossible because of
the interference of the interlock pin. Thus, the interlocking
mechanism is very complicated. Therefore, a switching
apparatus having a simplified interlocking mechanism
has been desired.

Patent document No. 1; JP06-89646
Patent document No. 2; JP2006-59557

DESCRIPTION OF THE INVENTION:

[0005] Switching apparatuses for power distribution
systems or power transmission systems are provided
with earthing switches in order to secure safety at the
time of inspection etc thereof, in addition to main circuit
switches. Accordingly, the switching apparatuses have
a lever device for operating the main circuit switches and
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alever device for operating the earthing switches. There-
fore, two support shafts for supporting the lever devices
are needed.

[0006] As a result, a space for installing the support
shafts becomes large and the whole switching appara-
tuses become large in size.

SUMMARY OF THE INVENTION:

[0007] The present invention was made based upon
the above fact, and it has an object to provide a switching
apparatus provided with an operating device for main
circuit switches and earthing switches for power use in
three phases, which can be compact and simplified so
that the whole switching apparatus can be made small
in size.

[0008] Therefore, itis anobjectofthe presentinvention
to provide a switching apparatus having a simplified op-
erating device structure so that the switching apparatus
can be made small in size.

[0009] It is another object of the present invention to
provide a switching apparatus having a simplified oper-
ating device with a simplified interlocking mechanism.
[0010] In order to achieve the above object of the
present invention, the present invention provides a
switching apparatus comprising an operating device (1),
amain circuit switch (4), and an earthing switch (5), which
comprises:

a common shaft (8);

a first operating lever (6) connected to a movable
electrode of the main circuit switch (4); and

a second operating lever (7) connected to a movable
electrode of the earthing switch (5) corresponding to
the main circuit switch (4),

characterized in that the first and second levers are
united and stacked around the common shaft alternately,
and the operating levers are being able to swing around
the common shaft.

[0011] According to the present invention, a structure
of the lever devices can be simplified because the lever
devices are rotatably supported around a single common
shaft. As a result, the whole switching apparatus can be
made small in size.

BRIEF DESCRIPTION OF THE DRAWINGS:
[0012]

Fig. 1 is a plan view of a switching apparatus provid-
ed with an operating device for main circuit switches
and earthing switches of the present invention.
Fig.2 is a top plan view of a unit of the operating
device according to one embodiment.

Fig. 3 is a cross sectional view of operating device
along the line Il in Fig. 2.

Fig. 4is across sectional view of the operating device
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along the line IV in Fig. 2.

Figs. 5A to 5C show an assembling process of the
operating device according to the one embodiment.
Fig. 6 is a cross sectional view of an operating device
of another embodiment in the same way of Fig. 4.
Figs. 7A and 7B show an assembling process of part
of the operating device of said another embodiment.
Fig. 8 is a cross sectional view of an operating device
of a still another embodiment.

Fig. 9is a plan view of an operating device of another
embodiment of the present invention.

Fig. 10 is a cross sectional view of the operating de-
vice along the line Il in Fig. 9.

Fig. 11 is a cross sectional view of the operating de-
vice along the line 1V in Fig. 9.

Figs. 12A t012C show an assembling process of the
embodiment of the operating device.

Fig. 13A shows a status of the operating device
wherein all of main circuit switches and earthing
switches are open.

Fig. 13B shows a status of the operating device
wherein the main circuit switches are closed and the
earthing switches are open.

Fig. 14 shows a movement of a swing-stopping
member of the operating device of the present in-
vention.

Fig. 15 shows a plan view of another embodiment
of the operating device.

Fig. 16 is a cross sectional view of the operating de-
vice along the line Xll in Fig. 15.

Fig. 17 is a cross sectional view of the operating de-
vice along the line XllIl in Fig. 15.

Figs. 18A and 18B show an assembling process of
the operating device of the present invention.

Fig. 19 is a cross sectional view of the operating de-
vice of another embodiment.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS:

[0013] The present invention provides following vari-
ous improvements or modifications of the above-men-
tioned invention.

[0014] The presentinvention provides a switching ap-
paratus, wherein the first operating lever is connected to
an operating rod of the main circuit switch, and the sec-
ond operating lever is connected to an operating rod of
the earthing switch.

[0015] The invention further provides a switching ap-
paratus, which comprises a desired number of units for
desired number of phases, wherein each unit comprises
the operating device, the main circuit switch and the
earthing switch.

[0016] The presentinvention provides a switching ap-
paratus, wherein a plurality of main circuit switches are
arranged right and left of the common shaft in a direction
of the shaft length, and a plurality of the earthing switches
are arranged left and right of the common shaft in the
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direction of the shaft length, the main circuit switches and
the earthing switches are arranged alternately.

[0017] The presentinvention further provides a switch-
ing apparatus, wherein the first operating lever comprises
a pair of levers (6C) for holding the main circuit switch
and a first shaft cover (6A) that covers the common shaft
at one end of the first operating lever, and wherein each
end of the levers (6C) has a connecting portion (10A)
having a connecting hole (6B) for connecting to the op-
erating rod (4).

[0018] The present invention still further provides a
switching apparatus, wherein the second operating lever
comprises a pair of levers (7C) and a shaft cover (7A)
for covering the common shaft at one end of each of the
levers, and wherein the other end of each of the operating
levers has a connecting portion (11A) having a hole (7B)
for connecting to the operating rod of the main circuit
switch.

[0019] The present invention provides a switching ap-
paratus, wherein the first shaft cover is connected in the
direction of the shaft length via the first connecting mem-
ber (6D).

[0020] The present invention provides a switching ap-
paratus, wherein the second shaft cover is connected in
the direction of the shaft length via the second connecting
portion (7D).

[0021] The presentinvention further provides a switch-
ing apparatus, wherein a shaft support (9) is fixed to each
end of the common shaft, and wherein the upper end and
lower end of the common shaft are positioned by posi-
tioning members (6E, 7E) thereby to position the shaft
supports, first shaft cover and second shaft cover. The
positioning member may limit swing of the operating le-
vers 6, 7 with respect to the shaft 8.

[0022] The present invention provides a switching ap-
paratus according to claim 1, wherein the first operating
lever and the first connecting member, and the second
operating lever and the second connecting member are
united respectively.

[0023] The presentinvention further provides a switch-
ing apparatus, wherein each of the first operating lever
and the second operating lever has a semi-circular
groove (61A1, 71A1) at one end thereof.

[0024] The present invention provides a switching ap-
paratus, wherein the other end of each of the first oper-
ating lever and the second operating lever is a hollow
lever (71A), the hollow lever is inserted to cover a con-
nected member of an inner lever (60A, 70A).

[0025] The switching apparatus is composed of the ap-
paratus according to combinations of two or more of the
above-mentioned embodiments.

[0026] In the following the present invention will be ex-
plained by reference to drawings.

[0027] In Fig. 1 there are three pairs of main circuit
switches 4 for three phases and earthing switches 5 each
corresponding to each of the main circuit switches in the
casing 2 of the switching apparatus 1.

[0028] First operating levers 6 for operating the main
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circuit switches 4 for three phases and second operating
levers 7 for operating the earthing switches for three
phases are arranged alternately along a shaft 8 (Fig. 2)
and rotatably disposed coaxially on the shaft 8. The op-
erating levers swing around the shaft 8.

[0029] A structure of the first operating lever and sec-
ond operating lever will be explained in detail by refer-
ence to Figs. 1 through 4.

[0030] The first operating levers 6 each comprises a
plurality of shaft covers 6A (three, in this embodiment),
levers 6C each being disposed at the shaft cover 7A in
such a manner that the lever 6C interests the axis of the
shaft cover 6A and having a connecting hole 7B at its
end portion, first connecting members 6D disposed be-
tween the levers 6C to mechanically connect the lever
members 6C, and a positioning member 6E at one end
of the shaft 8.

[0031] The second operating member 7 has a similar
structure to that of the first operating lever 6, which com-
prises a plurality of shaft covers 7A, levers 7C each being
disposed between the shaft covers 6A in such a manner
that the lever 7C interests the axis of the shaft cover 7A
and having a connection hole 7B at its end portion, sec-
ond connecting members 7D disposed between the le-
vers 7C to mechanically connect the lever members 7C
and a positioning member 7E at the other end of the shaft
8. The positioning members 6E, 7E support the first op-
erating levers 6 and second operating levers 7 towards
the common shaft 8, as shown in Fig. 4. The end of the
positioning members 6E, 7E are not in contact with the
shaft supporting members 9 in order to secure free move-
ment of the operating members, 6, 7.

[0032] Ends10A, 11Aoftheleverportions6C, 7C have
connecting holes 6B, 7B.

[0033] The shaftsupports 9 cover the shaft 8 as shown
in Fig. 3. The shaft cover6A, 7A are alternately stacked
on the common shaft 8.

[0034] The first operating lever 6 having the lever por-
tion 6C and second operating lever 7 having the lever
portion 7C are rotatably supported on the common shaft
8 though the shaft hole 6a, 7a and extend in the opposite
direction, as shown in Fig. 4. The lever portions 6C, 7C
have connecting holes 6B, 7B, respectively.

[0035] The switching apparatus according to the
present invention may be provided with a swing action
limiting members (16E, 17E), which limit a swing action
of the first operating lever (6) and/or the second operating
lever (7) around the common shaft (8). The swing action
limiting member limits swing action when the operating
lever moves by a predetermined angle to prevent closing
action of the switches.

[0036] In the switching apparatus according to the
present invention, the swing action limiting members
(16E, 17E) each has a projection (16i, 17i) that touches
the shaft cover (6A, 7A).

[0037] In the switching apparatus according to the
presentinvention, the swing action limiting member (16E,
17E) is disposed at one end of the lever portion.
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[0038] The first operating lever 6 for the main circuit
switches and the second operating lever 7 for the earthing
switches are disposed alternately left and right sides
along the common shaft 8. The both ends of the common
shaft 8 are inserted into holes of shaft supports 9 and the
shaft supports 9 are fixed to inside of the casing 2 by
means of bolts 10, as shown in Fig. 1.

[0039] Each operating lever 6C of the first operating
levers 6 is connected to an operating rod 4A of the main
circuit switch 4 by means of a pin shaft 11, as shown in
Fig. 1. Each operating lever 7C of the second operating
levers 7 is connected to an operating rod 5A of the earth-
ing switch 5 by means of a pin shaft 12. The first operating
lever 6 and the second operating lever 7 are connected
to an operator (not shown), which is located vertically
above the switching apparatus shown in Fig. 1. The first
operating lever 6 and the second operating lever 7 may
be united by forming them with casting. In this case, the
inner face of holes of the shaft covers 6A, 7A of the first
and second operating levers 6, 7 is machined to make
the inner surface smooth.

[0040] Then, anassembly process of the operating de-
vice will be explained in detail by reference to Figs. 5A
to5C and 6to 7.

[0041] As shown in Fig. 5A, the first operating lever 6
and second operating lever 7 have a similar structure,
but are arranged in an opposite direction.

[0042] The shaft covers 7A of the second operating
lever 7 are inserted between the shaft covers 6A of the
first operating lever 6 so that the shaft hole 7a of the shaft
covers 7A of the second operating lever 7 and the shaft
hole 6a of the shaft cover 6A of the first operating lever
6 are coincident.

[0043] Theoperatinglevers 6, 7 are assembled in back
to back in the direction of an arrow, as shown in Fig. 5A
so that a straight shaft hole is formed among the operat-
ing levers 6, 7. Then, the common shaft 8 is inserted into
the shaft holes 6a, 7a. As aresult, the first operating lever
6 and second operating lever 7 are united so that they
are able to swing around the common shaft 8.

[0044] Then, shaft supporting members 9 to both ends
of the common shaft 8 as shownin Fig. 5C. The operating
devices thus assembled are fixed to the inside of the
casing 2 by means of bolts 10 to install the operating
devices in the casing. Three operating lever devices are
installed for one three-phase switching apparatus. The
operating device shown in Fig. 5C may move in states
shown in Figs. 13A and 13B. When the operating device
moves into the state shown by Fig. 13A, the main circuit
switches and the earthing switches are open. On the oth-
er hand, when the operating device moves into the state
shown by Fig. 13B, the main circuit switches are closed
and the earthing switches are open.

[0045] The lever portions 6C of the first operating de-
vices 6 installed in the casing 2 are connected to oper-
ating rods 4A of the main circuit switches 4 by means of
the pin shafts 11. The lever portion 7C of the second
operating devices 7 installed in the casing 2 are connect-
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ed to operating rods 5A by means of pin shafts. As a
result, the first operating lever 6 and second operating
lever 7in each phase are operated cooperatively to there-
by operate the main circuit switches 4 and earthing
switches 5 of each phase synchronously.

[0046] According to the first embodiment described
above, the structure of the operating levers can be sim-
plified because the first operating levers 6 for operating
movable electrodes of the main circuit switches 4 and
the second operating levers 7 for operating the movable
electrodes of the earthing switches are arranged alter-
nately and the end portions of lever portions 6A, 7A of
the first and second operating levers 6, 7 are supported
rotatably around the common shaft 8. As a result, the
switching apparatus can be further downsized.

[0047] Thefirstoperatinglever6 and second operating
lever 7 have the same structure, and they can be man-
ufactured by casting alloy with the same mold so that the
production cost can be reduced and number of parts can
be reduced.

[0048] Further, since the distance in the axial direction
of the shaft between the shaft covers 6A of the first op-
erating levers 6 and the shaft covers 7A of the second
operating levers 7 are secured, impact resistance of the
operating device is secured.

[0049] If the first operating lever 6 and the second op-
erating lever 7 are united in a casting, deformation or
deviation in distance among the levers, etc becomes
small so that assembling of the parts is easy.

[0050] Fig. 6 shows a cross sectional view of the op-
erating device of another embodiment of the present in-
vention. Figs. 7A and 7B show an assembling process
of the operating device.

[0051] In this embodiment, the top plan view of the
operating device is the same as shown in Fig. 2 and the
cross sectional view of the operating device along the
common shaft is the same as shown in Fig. 3.

[0052] In this embodiment shaft covers 6A and lever
portions 6C of the first operating lever 6 and shaft covers
7A and lever portions 7C of the second operating levers
7 are composed of two parts. As shown in Fig. 6, inner
lever portions 60A, 70A are insertable into outer lever
portions 61A, 71A. The outer lever portion 71A, as well
as 61A has the structure shown in Fig. 7A, and the inner
lever portions 70A have the structure shown in Fig. 7A.
The inner lever portion 60A has the same structure as
that of the inner lever portion 70A.

[0053] The inner lever portions 60A, 70A have shaft
covers 60A2, 70A2, each of which has a semi-circular
groove 70A1 (60A1) extending along the shaft length,
and the ends of the lever portions 60A4, 70A4 in opposite
side to the semi-circular grooves 70A1, 60A1 have semi-
circular grooves 70A3, 60A3. As a result, a shaft hole
and a connecting hole are formed by the circular inner
lever 70A and the outer lever 71A.

[0054] The outer lever portions 61A, 71A are outer-
insertable to the inner lever portions 60A, 70A, and the
end portions of the lever 61A, 71A have semi-circular
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grooves 61A3, 71A3. By outer-inserting the outer lever
portions 61A, 71A to the inner lever portion 60A, 70A, a
circular hole is formed. The outer lever portions 61A, 71A
are made of casting as same as that of the first operating
levers 6.

[0055] In this embodiment, as shown in Figs. 7A and
7B, the outer lever portion 61A, 71A are outer-inserted
to the inner lever portions 60A, 70A, which are separated
by connecting member 7D by a predetermined distance,
in a direction of the arrow. Thus, the operating lever de-
vices can be assembles. Advantages of this embodiment
are that machining of the inner faces of the connecting
holes can be conducted easily. Although, only the second
operating lever 7 is shown in Figs. 7A and 7B, the first
operating lever 6 can be assembled as in the second
operating lever.

[0056] After the assembling of the first and second op-
erating levers in the above process, the first and second
operating levers are united by inserting a common shaft
through the hole and shaft supports 9 are fixed to the
both ends of the shaft 8. The assembled first and second
operating levers are fixed to the casing 2 of the switching
apparatus 1.

[0057] Inthis embodiment, the advantages mentioned
above with respect to the second embodiment are ex-
pected. Thatis, itis possible to conduct mechanical work
of the inner faces of the semi-circular grooves 60A3,
70A3 of the shaft covers 60A4, 70A4.

[0058] There is shown another embodiment in Fig. 8
wherein shaft covers 6A, 7A of the first operating lever 6
and second operating lever 7 and the lever portions 6C,
7C are composed of two parts. Outer lever portions 61A,
71A composed of lever portions having connection holes
at the ends thereof and disposed to the shaft covers are
outer-inserted to the inner lever portions 60A, 70A each
having a rectangular shape in a cross section thereof as
shown in Fig. 8.

[0059] According to this embodiment, almostthe same
advantages as those of the above-mentioned embodi-
ments are expected. That is, it is possible to conduct
machine the inner surfaces of the holes formed in the
end portions of the outer levers 61A, 71A to be outer-
inserted to the inner levers 60A, 71A and the inner faces
of the connection holes with ease and high precision.
[0060] In the above embodiments, a size of the shaft
covers 6A, 7A in a direction of the shaft of the first oper-
ating levers 6 and the second operating levers 7 is the
same as that of the lever portions 6C, 7C in the shaft
direction, but the size of the shaft covers 6A, 7A in the
shaft direction can be made larger than that of the lever
portions 6C, 7C in the shaft direction. According to this
embodiment, the impact resistance of the operating le-
vers can be further improved to increase reliability there-
of.

[0061] Although in the above-described embodiments
the positioning members 6E, 7E are attached to the first
and second operating levers 6, 7, they can be omitted.
The shaft covers 9 may be fixed to the operating levers.
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[0062] In the following embodiments the swing action
limiting member has a function for prohibiting a swing
action of the operating levers around the shaft with re-
spect to the other operating lever. As aresult, an interlock
mechanism of the switching apparatus can be simplified
and the number of parts of the operating device can be
reduced.

[0063] A plan view of the switching apparatus accord-
ing to this embodiment is omitted because the structure
of the plan view thereof is the same as that of Fig. 1.
[0064] The plan view of one operating device of this
embodiment is shown in Fig. 9, wherein the main parts
are the same as those in Fig. 2 except the swing action
limiting members 16E, 17E are disposed at the end por-
tions of the operating device. A cross sectional view along
the line Ill'in Fig. 9 is shown in Fig. 10, wherein the swing
action limiting members 16E, 17E are disposed at the
both end sides of the shaft 8. The swing action limiting
members 16E, 17E are projected from the operating le-
vers 6, 7 as shown in Figs. 10 and 11. The projected
portions are shown as projects (curved portions) 16i, 17i.
The swing action limiting memberis compose of a straight
portion 16h and curved portion 16i. The swing action lim-
iting member 16E is fixed to the second operating lever
7 and the swing action limiting member 17E is fixed to
the operating lever 6. The swing action limiting members
cover part of the outer peripheries of the shaft covers of
the levers 6, 7. The tips of the projects 16i, 17i are op-
posite to each other as shown in Fig. 11 so that the swing
of one of the operating levers 6, 7 is limited with respect
to the other operating lever.

[0065] The second operating lever 7 has the same
structure as that of the first operating lever 6.

[0066] The first operating lever 6 and the second op-
erating lever 7 are alternately stacked along the common
shaft 8, as shown in Fig. 10, wherein the shaft cover
portions 6A, 7A have shaft holes 6a, 7a through which
the shaft 8 is inserted are stacked.

[0067] Figs. 12A, 12B and 12C show an assembling
process of the operating device of this embodiment. At
first, the first operating lever 6 having first levers 6C con-
nected by connecting members 6D is provided with the
swing action limiting member 16E at one end thereof.
The second operating lever 7 having second levers 7C
connected by connecting members 7D is provided with
the swing action limiting member 17E at one end thereof.
[0068] The swing action limiting member 6E has a
curved portion and a straight portion to cover the surface
of the shaft cover 7A, and the positioning ember 7E has
a curved shape to cover the surface of the shaft cover
6A. The shaft cover portion 6g is inserted into the recess
7f of the second operating lever 7, and the shaft cover
portion 7g is inserted into the recess 6f of the first oper-
ating lever 6 to constitute the operating device as shown
in Fig. 12B.

[0069] The shaft covers 6A are inserted into the gaps
between the shaft covers 7A of the second operating
lever 7 and the shaft covers 7A are inserted into the gaps
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between the shaft covers 6A of the first operating lever
6, as shown in an arrow in Fig. 12A. Then, the first and
second operating levers 6, 7 are opposed to each other
as shown in Fig. 12A and combined to make the shaft
hole 6a, 7a.

[0070] The shaft 8 is inserted into the common shaft
hole 6a, 7a in the direction of an arrow as shown in Fig.
12B. Thus, the first operating lever 6 and the second
operating lever 7 are supported by the common shaft 8
being able to swing around the shaft.

[0071] Thereafter,asshowninFig. 12C, shaft supports
9 are fixed to both ends of the common shaft 8 to con-
stitute a unit operating device, and three units of the op-
erating devices are installed in the casing 2 side by side
by means of bolts 10 as shown in Fig. 1 to constitute the
three phase switching apparatus of the presentinvention.
[0072] Fig. 13A shows a perspective view of the unit
of the operating device, which indicates a status where
the main circuit switches and the earthing switches are
open. Fig. 13B shows a perspective view of the unit of
the operating device, which indicates a status where the
main circuit switches are open and the earthing switches
are closed.

[0073] Fig. 14 is a diagram showing a movement of
the levers 6, 7 and the swing action limiting member 16E.
The swing action limiting member 16E limits a swing ac-
tion of the levers 6, 7 around the common shaft 8. Oper-
ation of the swing action limiting member 16E will be ex-
plained in detail later.

[0074] The lever portion 6C of the first operating lever
6 installed in the casing 2 is connected to the operating
rod 4A of the main circuit switch 4 by means of the pin
11. The lever portion 7C of the second operating lever 7
is connected to the operating rod 5A by means of pin 12.
As a result, the first operating levers 6 and the second
operating levers 7 of the respective phases move syn-
chronously to thereby operate the main circuit switches
4 and the earthing switches 5 altogether in three phases.
[0075] Fig. 13A shows a status that all the switches 4,
5 are open wherein an angle constituted by the lever
portion 6C of the first operating lever 6 and the lever
portion 7C of the second operating lever 7 is about 180
degrees as shown in Fig. 11.

[0076] The projection 16i of the swing action limiting
member 16E of the first operating lever 6 is located with
a gap around the periphery of the shaft cover 7A of the
second operating lever 7. Similarly, the projection 17i of
the swing action limiting member 16E of the second op-
erating lever 7 is located with a gap around the periphery
of the shaft cover 6A of the second operating lever 6.
[0077] Fig. 13B shows a perspective view of the oper-
ating device wherein the main circuit switches 4 are open
and the earthing switches 5 are closed. An angle consti-
tuted by the lever portion 6C of the first operating lever
6 and the lever portion 7C of the second operating lever
7 is over 180 degrees, wherein the lever portion 6C of
the first operating lever 6 and the operating rod 4A are
pressed down to connect a movable contact and a fixed
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contact of a main circuit switch. The angle is decided in
accordance with the gap between the movable contact
and the fixed contact of the main circuit switch 4.
[0078] As shown in Fig. 13B, if the lever portion 6C of
the first operating lever 6 swings in an anticlockwise di-
rection, the tip of the projection 16i of the swing action
limiting member 16E (swing movement limiting member
in this embodiment) contacts with the outer periphery of
the shaft cover 7A of the second operating lever 7 and
the swing action limiting member 16E limits movement
of the second operating lever 7 for operating the earthing
switches in a clockwise direction. Similarly, the tip of the
projection 17i of the swing action limiting member 17E
(swing limiting member in this embodiment) contacts with
the outer periphery of the shaft cover 6A of the first op-
erating lever 6 and limits movement of the second oper-
ating lever 7 for operating the earthing switches in a clock-
wise direction. Thus, the closing operation of the earthing
switches 5 is locked.

[0079] When the main circuit switches 4 are open and
the earthing switches 5 are closed, the tip of the projection
16i of the swing action limiting member 16E of the first
operating lever 6 contacts with the outer periphery of the
shaft cover 7A of the second operating lever 7 to thereby
the swing action limiting member 16E limits a swing ac-
tion of the first operating lever 6 for operating the main
circuit switches 5.

[0080] Similarly, the tip of the projection 17i of the
swing action limiting member 17E of the second operat-
ing lever 7 contacts with the outer periphery of the shaft
cover 6A of the first operating lever 6 to thereby limit a
swing action of the first operating lever 6 for operating
the main circuit switches 4 in a clockwise direction. As a
result, the closing operation of the main circuit switches
4 is locked.

[0081] Relationships between a length of the projec-
tion 16i of the swing action limiting member 16E and a
swing angle of the first operating lever 6 will be explained
by reference to Fig. 14.

[0082] Fig. 14 is a side view of the operating device
shown in Fig. 13A in solid lines, and a side view of the
operating device shown in Fig. 13B is shown in dotted
lines. In Fig. 10, L is a length of the lever portion 6C,
which is a length between the center of the connecting
hole 6B and the center of the shaft hole 6a. 0 is a swing
angle of the first operating lever 6, which is a swing angle
from the vertical line in the center of the shaft hole 6a at
the time when the tip of the projection 16i contacts with
the outer periphery of the shaft cover 7A of the second
operating lever 7. x is a moving distance of the first op-
erating lever 6 in up and down directions, which corre-
sponds to the gap between the movable contact and the
fixed contact of the main circuit switches.

[0083] In the movement of the swing action limiting
member (swing movement limiting member), the swing
angle 6 and the up-and-down movement distance x of
the lever 6 are determined in accordance with the follow-
ing equation (1).
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[0084] The symbolxis determined by the gap between
the movable contact and the fixed contact, and the swing
angle 0 is determined by the length L of the lever portion
6C of the first operating lever 6. Accordingly, the length
L should be such that the tip of the projection 16i of the
swing action limiting member 16E touches the outer pe-
riphery of the shaft cover 7A of the second operating
lever 7, when the first operating lever 6 swings by the
swing angle 0. Although Fig. 14 shows only the swing
action limiting member 16E of the first operating lever 6,
the swing action limiting member 17E having the projec-
tion 17i is formed in the same way as of the swing action
limiting member 16E.

[0085] As explained above, though it is necessary to
change the swing angles of the lever portions 6C, 7C of
the first and second operating levers 6, 7 in accordance
with gaps between the movable contacts and the fixed
contacts of the switches 4, 5, it is possible to easily
change the swing angle 6 of the lever portions 6C, 7C by
adjusting the length of the projections 16i, 17i of the swing
action limiting members 16E, 17E.

[0086] According to the above embodiment, the
number of the parts of the operating device will be re-
duced because an additional interlock mechanism for the
main circuit switches and earthing switches, whichis nec-
essary for securing safety of the switching apparatus in
case of the previous embodiments whose swing action
limiting member has no swing limiting function.

[0087] Since it is possible to easily change the swing
angle 0 of the operating levers 6, 7 by adjusting the length
of the tong form projections 16i, 17i of the swing action
limiting members 16E, 17E, the operating device of this
embodiment can be applied to various switching appa-
ratuses having different gaps between the movable con-
tacts and the fixed contacts without changing basic struc-
ture of the operating device. As a result, production cost
of the switching apparatuses with a reduced number of
parts can be provided.

[0088] Further, the first operating lever 6 and the sec-
ondoperating lever 7 have the same structure, and hence
they can be produced by using the same casting mold,
thereby to reducing production cost.

[0089] If the first operating lever 6 and the second op-
erating lever are united as a casting, deformation of the
operating device can be minimized, and assembling of
the switching apparatus becomes easy.

[0090] Figs.15,16,17, 18A, 18B and 19 show another
embodiment. Fig. 15 is a plan view of one unit of the
operating device, which corresponds to Fig. 2. This em-
bodiment corresponds to that shown in Figs. 7A, 7B.
[0091] Fig. 16 is a cross sectional view along the line
XIlI'in Fig. 15, which corresponds to Fig. 3. The swing
action limiting member (swing movement limiting mem-
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ber) 16E, 17E has projections 16i, 17ias shownin Fig. 16.
[0092] Fig. 17 is a cross sectional view along the line
Xlll'in Fig. 15. Since the shaft covers 6A, 7A of the first
operating lever 6 and the second operating lever 7 are
constituted by two parts, i.e. inner lever portions 60A,
70A and outer lever portions 61A, 71A, which are outer-
insertable to the inner lever portions.

[0093] The inner lever portions 60A, 70A each has
shaft cover 60A2, 70A2 with a semi-circle having a semi-
circular groove 60A1, 70A1 at the shaft cover side. The
inner lever portions 61A, 71A each has lever portion
60A4, 70A4 having a semi-circular groove 60A3, 70A3
at the end of thereof.

[0094] The outer lever portions 61A, 71A are outer-
insertable to the inner lever portions 60A, 70A as shown
in Figs. 18A and 18B. The outer lever portions 61A, 71A
each has the semi-circular shaft cover 61A2, 71A2 hav-
ing a semi-circular groove 61A1, 71A1 and the lever por-
tions 61A4, 71A4 having the semiOcircular groove 61A3,
71A3 at the end of the lever portion 61A, 71A. The outer
lever portions 61A, 71A can be produced by casting as
same as the first operating lever 6 and the second oper-
ating lever 7.

[0095] Inthis embodiment,theinnerlever portions 70A
are connected with connecting members 7D. An outer
lever portions 71A are outer-inserted to the inner lever
portions as shown in Fig. 18B to constitute the second
operating lever 7. The first operating lever 6 is constituted
by the same manner as shown in Figs. 18A and 18B.
After preparation of the first and second operating levers
6, 7, they are arranged in the manner shown in Figs. 5A
and 12A, and the shaft cover portions of the first operating
member 6 are inserted into between the shaft cover por-
tions of the second operating lever as shown in Figs. 5B
and 12B. Then, the common shaft 8 is inserted into the
shaft hole as shown in Figs. 5B and 12B. Thereafter, the
shaft supports 9 are fixed to both ends of the shaft 8 as
shown in Figs. 5C and 12C.

[0096] After the units of the operating devices are pre-
pared, they are installed in the casing 2 by means of pins
10 as shown in Fig. 1.

[0097] Inthis embodiment, the advantages of the pre-
vious embodiments are expected. Further, in this em-
bodiment, the machining of the inner faces of the semi-
circular grooves 60A1, 70A1, 60A3, 70A3 are conducted
very easily.

[0098] As another example wherein the shaft covers
6C, 7C and the lever portions 6C, 7C of the first and
second operating levers 6, 7, there is shown a cross sec-
tional view in Fig. 19. This embodiment corresponds to
Fig. 8. The operating device is composed of the inner
lever portions 60A, 70A with a rectangular shape and
outer lever portions 60A, 70A, which are outer-insertable
to the inner lever portions 61A, 71A.

[0099] According tothis embodiment,the same advan-
tages of the embodiment shown in Fig8. The machining
ofthe innerfaces of the grooves of the outerlever portions
and the inner lever portions is easily conducted.
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[0100] In this embodiment, the swing action limiting
member 16E, 17E are disposed at the outside of the lever
portion 6C, 7C as shown in Figs. 2, 9, 15. However, the
swing action limiting members can be disposed inside of
the lever portions 6C, 7C. The swing action limiting mem-
bers 16E, 17E are disposed to each of the first and sec-
ond operating levers 6, 7; but at least one swing action
limiting member for one of the operating levers is enough
for limiting the swing action.

[0101] The tong form projections 16i, 17i of the swing
action limiting member 16E, 17E are formed to cover the
part of the outer periphery of the shaft cavers, wherein
the member has a plate having a semi-circle with aradius
of curvature of the shaft hole 6a, but the circular plate
may be substituted with a L-shape plate that covers the
shaft covers. The L-shaped plate may have tips of the
projections 16i, 17i that touch the outer periphery of the
shaft covers.

Claims

1. A switching apparatus comprising an operating de-
vice (1), a main circuit switch (4), and an earthing
switch (5), which comprises:

a common shaft (8);

afirstoperating lever (6) connected to amovable
electrode of the main circuit switch (4); and

a second operating lever (7) connected to a
movable electrode of the earthing switch (5) cor-
responding to the main circuit switch (4),
characterized in that the first and second op-
erating levers are united and stacked around the
common shaft alternately, and the operating le-
vers are being able to swing around the common
shaft.

2. The switching apparatus according to claim 1,
wherein the first operating lever is connected to an
operating rod of the main circuit switch, and the sec-
ond operating lever is connected to an operating rod
of the earthing switch.

3. The switching apparatus according to claim 1 or 2,
which comprises a desired number of units for de-
sired number of phases, wherein each unit compris-
es the operating device, the main circuit switch and
the earthing switch.

4. The switching apparatus according to any of claims
1to 3, wherein a plurality of main circuit switches are
arranged right and left of the common shaft in a di-
rection of the shaftlength, and a plurality of the earth-
ing switches are arranged left and right of the com-
mon shaft in the direction of the shaft length, the
main circuit switches and the earthing switches are
arranged alternately.
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The switching apparatus according to any of claims
1 to 4, wherein the first operating lever comprises a
pair of levers (6C) for holding the main circuit switch
and a first shaft cover (6A) that covers the common
shaft at one end of the first operating lever, and
wherein each end of the levers (6C) has a connecting
portion (10A) having a connecting hole (6B) for con-
necting to the operating rod (4).

The switching apparatus according to any of claims
1to 5, wherein the second operating lever comprises
a pair of levers (7C) and a shaft cover (7A) for cov-
ering the common shaft at one end of each of the
levers, and wherein the other end of each of the op-
erating levers has a connecting portion (11A) having
a hole (7B) for connecting to the operating rod of the
main circuit switch.

The switching apparatus according to claim 5,
wherein the first shaft cover is connected in the di-
rection of the shaft length via the first connecting
portion (6D).

The switching apparatus according to claim 6,
wherein the second shaft cover is connected in the
direction of the shaft length via the second connect-
ing portion (7D).

The switching apparatus according to any of claims
1 to 8, wherein a shaft support (9) is fixed to each
end of the common shaft, and wherein the upper end
and lower end of the common shaft are positioned
by positioning members (6E, 7E) thereby to position
the shaft supports, first shaft cover and second shaft
cover.

The switching apparatus according to any of claims
1 to 9, wherein the first operating lever and the first
connecting member, and the second operating lever
and the second connecting member are united re-
spectively.

The switching apparatus according to any of claims
1to 10, wherein each of the first operating lever and
the second operating lever has a semi-circular
groove (61A1, 71A1) at one end thereof.

The switching apparatus according to claim 11,
wherein the other end of each of the first operating
lever and the second operating lever is a hollow lever
(71A), the hollow lever is inserted to cover a con-
nected member of an inner lever (60A, 70A).

The switching apparatus according to any of claims
1 to 12, which further comprises a positioning mem-
ber (16E, 17E), which limits a swing movement of
the first operating lever (6) or the second operating
lever (7) around the common shaft (8).
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14. The switching apparatus according to claim 13,

15.

wherein

the positioning member (16E, 17E) has a projection
(16i, 17i) thattouches the shaft cover (6A, 7A), and/or
the positioning ember (16E, 17E) is disposed at one
end of the lever portion, and/or

the swing action limiting member is disposed to the
side of the lever portion at the end of the operating
device, and/or

the swing action limiting member has a straight por-
tion and a curved portion to cover part of an outer
periphery of the shaft cover, and/or

the swing action limiting member has a projection
that touches the outer periphery of the shaft cover
when the operating lever rotates by a predetermined
angle, and/or

the curved portion of the swing action limiting mem-
ber has the same radius of curvature as that of the
shaft cover, the center of the curved member being
the same as that of the shaft, and/or

the swing action limiting member is composed of two
plates to constitute L-form for covering part of the
outer periphery of the shaft cover.

The switching apparatus according to any of claims
1to 14, wherein the first operating lever is connected
to the movable contact via an operating rod and the
second operating lever is connected to the movable
contact via another operating rod.
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FIG. 3
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FIG. 5B
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FIG. 7B
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