
- 1 - TITLE OF THE INVENTION VACUUM INSULATED SWITCH AND VACUUM INSULATED
SWITCHGEAR  BACKGROUND OF THE INVENTION 5 [Field of the Invention] The
present invention relates to a vacuum insulated  switch and a vacuum
insulated switchgear, and particularly  to a double-break three-position
vacuum insulated switch  having circuit breaker and disconnector functions
and a 10 vacuum insulated switchgear using the such switch.  [Description of
Related Art] Today, in the field of power receiving and transforming
system, user needs are diversified. Each user system uses a  different load
type and operating condition depending on 15 the application, and each local
electricity distribution  system is designed by considering the safety,
reliability,  maintenance and future load requirement. There also need to
be considered devices for controlling the breaker,  disconnector, earthing
switch of the power receiving and 20 transforming system as well as devices
for monitoring and  measuring the system parameters such as voltage, current
and power. An important consideration in such design is how to  minimize the
space required for installation of the above- 25 cited various devices and
how to reduce the installation - 2  



cost. A solution to this problem is a double-break three- position vacuum
switch (e.g., JP2007-14086A). This double-break three-position vacuum switch
contains: in a vacuum container therein having insulating  5 cylinders, two
stationary contacts; and two movable contacts capable of contacting and
separating from the  respective stationary contacts, thereby providing a
double- break configuration. The two movable contacts are connected  by a
movable conductor, which is further connected to a 10 vacuum insulated
actuating rod. The vacuum insulated  actuating rod extends outside the
vacuum container via a  metal bellows and is then connected to an operating
rod  guided by a guide. The operating rod is further connected  to an
operating lever, which is operated by an operating 15 device. A rotary
motion of the operating lever caused by  the operating device is converted
to a linear motion of the  operating rod and vacuum insulated actuating rod.
And the  movable contacts can be held at three different positions:  a
closed position to permit current flow; an open position 20 to interrupt
current flow; and a disconnect position to  ensure the safety of inspection
personnel against a surge  voltage such as lightning. Patent document 1:
Japanese Patent Application Laid- open No. 2007-14086(paragraphs 0024 - 0030
and Fig. 5).  25 - 3 - 



SUMMARY OF THE INVENTION The above-mentioned double-break three-position
vacuum  switch is configured so that the operating rod is  reciprocateably
supported by the guide disposed near the 5 metal bellows in order to
equalize the contact forces  applied to the two breaker contacts (the two
pairs of  movable contacts and stationary contacts). However, a difference
between the two contact forces  can occur caused by a structural asymmetry
due to component  10 variation, assembly error, etc. Such a contact force
difference can cause an excessive contact force to be  applied to one of the
breaker contacts as well as can cause  the operating rod to contact the
guide. In particular, the  operating rod can contact the guide locally, so a
large 15 operating force is required in order to overcome such a  local
contact force. This may incur increase in size of the  operating device.
Under these circumstances, the present invention is  originated to solve the
above problem. An object of the  20 present invention is to provide a
double-break three position vacuum insulated switch and/or a vacuum
insulated  switchgear using the switch, which has circuit breaker and
disconnector functions and can equalize the contact forces  applied to the
two pairs of movable contacts and stationary 25 contacts by preventing even
local contact of the operating 4 - 



rod with the guide member. In order to achieve the above object, a first
aspect of  the present invention provides a vacuum insulated switch,  which
includes: a vacuum container; two stationary contacts 5 contained in the
vacuum container; two movable contacts  contained in the vacuum container,
each capable of  contacting and separating from a corresponding one of the
stationary contacts; a vacuum insulated actuating rod  connected to the two
movable contacts; an operating rod 10 connected to the vacuum insulated
actuating rod via a metal  bellows; and a guide for guiding the operating
rod;  characterized in that, an off-axis displacement allowing structure is
provided  between the guide and the operating rod and for allowing 15 the
off-axis displacement of the operating rod. In the above first aspect of the
present invention, the  off-axis displacement allowing structure includes a
reduced  diameter portion formed on an outer surface of the  operating rod,
which is facing to an inner surface of the 20 guide so as to create a gap is
created between the  operating rod and the guide. In addition to the
above-described reduced diameter  portion, the off-axis displacement
allowing structure  further includes an enlarged diameter portion formed on
the 25 outer surface of the operating rod adjacent to the reduced - 5  



diameter portion, which is facing to the inner surface of  the guide so as
to slidably contacts with the guide when  the movable contacts are at open
and disconnect positions. In the above first aspect of the present
invention, the  5 off-axis displacement allowing structure further includes:
a guide holder for supporting the guide; and an elastic  member disposed
between an inner surface of the guide  holder and an outer surface of the
guide, whereby the  operating rod slidably contacts the inner surface of the
10 guide. In the above first aspect of the present invention, the  off-axis
displacement allowing structure further includes:  two opposing guiding
members provided on the guide and  slidably contacting opposite outer
surfaces of the 15 operating rod; a guide holder for supporting the guide
having the guiding members; and a pair of elastic members  each disposed
between an inner surface of the guide holder  and an outer surface of the
guiding members, respectively. In the above first aspect of the present
invention, the  20 off-axis displacement allowing structure wherein a gap is
formed between an inner surface of the guide and an outer  surface of the
operation rod for allowing the off-axis  displacement of the operating rod
when the movable contacts  contact the stationary contacts. 25 In the above
first aspect of the present invention, the - 6  



off-axis displacement allowing structure further includes:  a guide holder
for supporting the guide, a groove formed on  an inner surface of the guide,
and an elastic member  disposed in the groove for contacting an outer
surface of 5 the operating rod, whereby the operating rod slidably  contacts
the elastic member. A second aspect of the present invention provides a
vacuum insulated switchgear, which includes the vacuum  insulated switch
according to the first aspect of the  10 present invention. The present
invention enables to provide a double-break  three-position vacuum insulated
switch and/or a vacuum  insulated switchgear using the switch, which has
circuit  breaker and disconnector functions and can equalize the 15 contact
forces applied to the two pairs of movable contacts  and stationary contacts
by preventing even local contact of  the operating rod with the guide
member. Thus, a switch  and/or a switchgear using the switch according to
the  present invention can suppress increase in size of the 20 operating
device as well as provide improved current- carrying properties and
increased reliability. BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1 is a
longitudinal sectional view of a vacuum 25 insulated switch to illustrate an
embodiment of the present 7 - invention. 



Fig. 2 is an enlarged cross sectional view illustrating  an off-axis
displacement allowing structure of the air  insulated operating rod for use
in the vacuum insulated 5 switch shown in Fig. 1. Fig. 3 is an enlarged
cross sectional view of the off- axis displacement allowing structure in the
vacuum  insulated switch shown in Fig. 1 at the open position. Fig. 4 is an
enlarged cross sectional view illustrating  10 the off-axis displacement
allowing structure of the vacuum  insulated switch shown in Fig. 1 at the
disconnect position. Fig. 5 is an enlarged cross sectional view illustrating
an off-axis displacement allowing structure of the  operating rod for use in
a vacuum insulated switch 15 according to another embodiment of the present
invention.  Fig. 6 is an enlarged cross sectional view illustrating  an
off-axis displacement allowing structure of the  operating rod for use in a
vacuum insulated switch  according to still another embodiment of the
present 20 invention. Fig. 7 is an enlarged cross sectional view
illustrating  an off-axis displacement allowing structure of the  operating
rod for use in a vacuum insulated switch  according to yet another
embodiment of the present 25 invention. 8  DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS  



[Embodiment] A vacuum insulated switch according to an embodiment of  5 the
present invention will be described below with  reference to the
accompanying drawings. Fig. 1 is a longitudinal sectional view of a vacuum
insulated switch to illustrate a first embodiment of the  present invention.
Fig. 2 is an enlarged cross sectional  10 view illustrating an off-axis
displacement allowing structure of the operating rod for use in the vacuum
insulated switch shown in Fig. 1. A double-break three-position vacuum
insulated switch 1  shown in Fig. 1 includes: a vacuum container 3 which
keeps  15 vacuum thereinside, and the vacuum container 3 is provided with
insulating cylinders 2; and, contained in the vacuum  container 3, two
stationary contacts 4A and 4B and  corresponding two movable contacts 5A and
5B, each capable  of contacting and separating from a corresponding one of
20 the stationary contacts, thereby providing a double-break  configuration.
When used, for example, in a feeder panel, the  stationary contact 4A on the
left in Fig. 1 is connected to  a bus bar (not shown), while the stationary
contact 4B on 25 the right in Fig. 1 is connected to a cable head (not - 9
shown) via a feeder. In addition, the contacts 4A and 5A  and its
surroundings are covered by an arc shield 6, and  



also the contacts 4B and 5B and its surroundings are  covered by another arc
shield 6 provided in the vacuum 5 container 3. The movable contacts 5A and
5B are connected by a  movable conductor 7 which is reinforced with a metal
(such  as stainless steal) receiving no high temperature annealing.  A
vacuum insulated actuating rod 8 is connected to the 10 movable conductor 7.
The vacuum insulated actuating rod 8  extends outside the container 3 via a
metal bellows 9  provided at the top opening of the vacuum container 3, and
is then connected to an operating rod 10. To the operating  rod 10 is
connected one end of a connecting rod 12 by a pin  15 11. To the other end
of the connecting rod 12, there is  connected one end of an operating lever
14 by a pin 13. A  middle portion of the operating lever 14 is rotatably
mounted on a fixed shaft 15. The other end of the operating 20 lever 14 is
connected via a connecting rod 16 to an  operating mechanism 17 such as an
electromagnet.  Rotating the operating lever 14 by the operating mechanism
17 allows vertical movement of the movable  contacts 5A and 5B. And the
movable contacts can be held at  25 three different positions: a closed
position (i.e., that - 10  shown in Fig. 1) to permit current flow; an open
position  above the closed position to interrupt current flow; and a  



disconnect position further above the open position to  ensure the safety of
inspection personnel against a surge  5 voltage such as lightning. A guide
holder 18 is provided on and around the top  opening of the vacuum container
3. In the guide holder 18,  there is provided a guide 19 for guiding the
operating rod  10. There can occur an imbalance in the mechanical 10
structure for operating the operating rod 10 due to  component variation,
assembly error, etc. In such a case,  mere on-axis movement of the operating
rod 10 may not exert  equal contact forces on the two breaker contacts. In
order  to address this problem, between the guide 19 and operating 15 rod
10, there is provided an off-axis displacement allowing  structure 20 for
allowing tilting or off-axis displacement  (lateral displacement as viewed
in Fig. 1) of the operating  rod 10 when the movable contacts 5A and 5B are
caused to  contact the stationary contacts 4A and 4B. 20 As shown in Fig. 2
in detail, the off-axis displacement  allowing structure 20 includes lower
and upper reduced  diameter portions 20A and 20B formed on the operating rod
10 so as to form gaps C between the reduced diameter  portions 20A and 20B
and internal surface of the guide 19, 25 thereby allowing off-axis
displacement of the rod 10 when - 11  the movable contacts 5A and 5B are
moved to the closed  position. 



In this embodiment, the object of the present invention  can be achieved by
providing the above-mentioned lower and  5 upper reduced diameter portions
20A and 20B formed on the operating rod 10. However, preferably, under the
lower  reduced diameter portion 20A of the operating rod 10 is  provided a
lower enlarged diameter portion 21A adjacent to  the lower reduced diameter
portion 20A slidably contacting 10 the inner surface of the guide 19, and
also between the  lower and upper reduced diameter portions 20A and 20B is
provided an upper enlarged diameter portion 21B adjacent to  the lower
reduced diameter portions 20A, 20B. Such a  structure enables the movable
contacts 5A and 5B to be 15 immovably held at the open and disconnect
positions by  causing the operating rod 10 to slidably contact the inner
surface of the guide 19. In addition, this embodiment provides a
circumferential  groove 21C along the inner surface of the guide 19 in order
20 to prevent interference between the upper enlarged diameter portion 21B
and the inner surface of the guide 19 when the  operating rod 10 tilts.
Next, the operation of the vacuum insulated switch  according to this
embodiment of the present invention will  25 be described with reference to
Figs. 1 to 4. 12  Fig. 3 is an enlarged cross sectional view of the off-
axis displacement allowing structure in the vacuum  



insulated switch shown in Fig. 1 to illustrate how the off- axis
displacement allowing structure operates at the open 5 position. Fig. 4 is
an enlarged cross sectional view of the  off-axis displacement allowing
structure in the vacuum  insulated switch shown in Fig. 1 to illustrate how
the off- axis displacement allowing structure operates at the  disconnect
position. 10 At the open position (Fig. 3) and the disconnect  position
(Fig. 4), the lower and upper enlarged diameter  portions 21A and 21B of the
operating rod 10 slidably  contact the inner surface of the guide 19,
thereby  preventing radial displacement of the operating rod 10 in  15 the
guide 19. When the movable contacts 5A and 5B are moved from the  open
position or the disconnect position to the closed  position in order to
bring the movable contacts 5A and 5B  in contact with the stationary
contacts 4A and 4B, the 20 operating rod 10 moves downwardly (as viewed in
Fig. 1) and  then, the gaps C are formed between the lower and upper
reduced diameter portions 20A and 20B and the inner surface  of the guide
19. Such formation of the gaps C prevents the outer surface  25 of the
operating rod 10 from even partially contacting the - 13  inner surface of
the guide 19 even if the operating rod 10  tilts (tilting to left or right
as viewed in Fig. 1) from  



the axis of the guide 19 when it is moves down caused by a  structural
imbalance due to component variation, assembly 5 error, etc. In other words,
this allows the off-axis  displacement of the operating rod 10. Allowing
such off-axis displacement of the operating  rod 10 can equalize the contact
forces applied to the  movable contacts 5A, 5B for contacting the stationary
10 contacts 4A, 4B, respectively. This embodiment can prevent even local
contact of the  operating rod 10 with the inner surface of the guide 19
caused by the off-axis movement thereof, and as a result no  unbalanced load
is applied to the guide 19 or the vacuum 15 container 3 sustaining the guide
19. Therefore, there is no  need for additional strength reinforcement of
such members.  In addition, the contact forces applied to the movable
contacts 5A, 5A for contacting the stationary contacts 4A,  4B can be
equalized; thus, for example, electrode 20 degradation due to increased
resistance or contact failure  can be reduced, leading to improved
reliability. Fig. 5 is an enlarged cross sectional view illustrating  an
off-axis displacement allowing structure of the  operating rod for use in a
vacuum insulated switch 25 according to a second embodiment of the present
invention, - 14  in which elements designated by the same reference numerals
as those used in Figs. 1 and 2 represent the same or  



equivalent elements. In the off-axis displacement allowing structure 20 of
5 the operating rod 10 according to this embodiment, the  guide holder 18
includes: a flange 18A for fixing the guide  holder 18 to the vacuum
container 3; and a guide supporting  cylinder 18B integrally formed with the
flange 18A. A  cylindrical guide 19 for guiding the operating rod 10 is 10
provided between the inner surface of the guide supporting  cylinder 18B and
outer surface of the air insulated  operating rod 10. The cylindrical guide
19 is provided with  two guide members 19 opposing each other and forming
one  cylindrical guide. Along upper and lower portions of the 15 outer
surface of the cylindrical guide 19, there are formed  grooves 19A and 19A,
in each of which an annular elastic  member 22 such as a rubber ring is
inserted. A cap 23 is  fixed to the upper surface of the flange 18A of the
guide  holder 18 by bolts 24. 20 In this embodiment, the annular elastic
members 22  allow the cylindrical guide 19 to tilt in the guide  supporting
cylinder 18B, thereby preventing the outer  surface of the operating rod 10
from even locally  contacting the inner surface of the cylindrical guide 19
25 even if the operating rod 10 tilts from the axis of the - 15  cylindrical
guide 19 when it is moved down. In other words,  this allows the off-axis
displacement of the operating rod  



10. Allowing such off-axis displacement of the operating  rod 10 enables
equalization of the contact forces applied 5 to the movable contacts 5A, 5B
for contacting the  stationary contacts 4A, 4B, respectively. Fig. 6 is an
enlarged cross sectional view illustrating  an off-axis displacement
allowing structure for use in a  vacuum insulated switch according to a
third embodiment of 10 the present invention, in which elements designated
by the  same reference numerals as those used in Figs. 1, 2 and 5  represent
the same or equivalent elements. In the off-axis displacement allowing
structure 20 of  the operating rod 10 according to this embodiment, along 15
upper and lower portions of the inner surface of a guide 19  are formed
grooves 19A and 19A, in each of which an annular  elastic member 22 such as
a rubber ring is inserted so as  to contact the outer surface of the
operating rod 10. Similarly to the above-described embodiments, this  20
embodiment also allows the off-axis displacement of the  operating rod 10 by
the deformation of the annular elastic  members 22. And, allowing such
off-axis displacement of the  operating rod 10 enables equalization of the
contact forces  applied to the movable contacts 5A, 5B for contacting the 25
stationary contacts 4A, 4B, respectively. - 16  Fig. 7 is an enlarged cross
sectional view illustrating  for an off-axis displacement allowing structure
of the  



operating rod for use in a vacuum insulated switch  according to a fourth
embodiment of the present invention, 5 in which also elements designated by
the same reference  numerals as those used in Figs. 1, 2 and 5 represent the
same or equivalent elements. In the off-axis displacement allowing structure
20  according to this embodiment, a cylindrical guide 19 is  10 provided in
a guide-supporting cylinder 18B of a guide  holder 18. And, two opposing
springs 22 and 22 are provided between opposite outer surfaces of the guide
19 and inner  surfaces of the cylinder 18B so that the operating rod 10
slidably contacts the inner surface of the guide 19. 15 In this embodiment,
similarly to the second embodiment,  the guide 19 can tilt, thereby allowing
the off-axis  displacement of the operating rod 10. And, allowing such
off-axis displacement of the operating rod 10 enables  equalization of
contact forces applied to the movable 20 contacts 5A, 5B for contacting the
stationary contacts 4A,  4B, respectively. In this embodiment, the operating
rod 10 and guide 19  both have a circular cross section. However, in order
to  prevent rotation of the guide 19 around the operating rod 25 10 caused
by an external force, on opposite sides of the - 17  rod 10 (the right and
left sides of Fig. 7) there may be  provided two opposing flat surfaces
perpendicular to the  



drawing plane and also two flat surfaces may be provided on  opposite inner
surfaces of the guide 19 so as to be 5 parallel to and contact the flat
surfaces of the operating  rod 10. This configuration can prevent rotation
of the  guide 19 around the operating rod 10, thus preventing  removal and
deformation of the springs 22 as well as  twisting of the metal bellows 9.
10 Although the above embodiments disposes the movable  contacts 5A and 5B
above the stationary contacts 4A and 4B,  the present invention can also be
applied to the case where  the movable contacts 5A and 5B are disposed below
the stationary contacts 4A and 4B. 15 In addition, although the above
embodiments have been  described for a vacuum insulated switch, the present
invention can also be applied to a vacuum insulated  switchgear which,
within a casing, contains a vacuum  insulated switch 1 and other devices for
ensuring safety of 20 personnel during maintenance and inspection work, such
as a  disconnector, earthing switch, detector for measuring the  voltages
and currents of the system, and protective relay. - 18 - WHAT IS CLAIMED IS
1. A vacuum insulated switch, comprising:  a vacuum container; two
stationary contacts contained in the vacuum  5 container; 



two movable contacts contained in the vacuum container,  each capable of
contacting and separating from a  corresponding one of the stationary
contacts; a vacuum insulated actuating rod connected to the two  10 movable
contacts; an operating rod connected to the vacuum insulated  actuating rod
via a metal bellows; and a guide for guiding the operating rod;
characterized in that, 15 an off-axis displacement allowing structure is
provided  between the guide and the operating rod for allowing the  off-axis
displacement of the operating rod. 2. The vacuum insulated switch according
to Claim 1,  wherein the off-axis displacement allowing structure  20
includes a reduced diameter portion formed on an outer surface of the
operating rod, which is facing to an inner  surface of the guide so as to
create a gap between the  operating rod and the guide. 3. The vacuum
insulated switch according to Claim 2,  25 wherein the off-axis displacement
allowing structure 19  further includes an enlarged diameter portion formed
on the  outer surface of the operating rod adjacent to the reduced  diameter
portion, which is facing to the inner surface of  the guide so as to
slidably contacts with the guide when 5 the movable contacts are at open and
disconnect positions.  



4. The vacuum insulated switch according to Claim 1,  wherein the off-axis
displacement allowing structure includes a guide holder for supporting the
guide, and an elastic member disposed between an inner surface of  10 the
guide holder and an outer surface of the guide, whereby  the operating rod
slidably contacts the inner surface of  the guide. 5. The vacuum insulated
switch according to Claim 1,  wherein the off-axis displacement allowing
structure  15 includes two opposing guiding members provided on the guide
and slidably contacting opposite outer surfaces of the  operating rod, a
guide holder for supporting the guide having the  guiding members, and 20 a
pair of elastic members each disposed between an  inner surface of the guide
holder and an outer surface of  the guiding members, respectively. 6. The
vacuum insulated switch according to Claim 1,  wherein the off-axis
displacement allowing structure is  25 provided with a gap formed between an
inner surface of the - 20  guide and an outer surface of the operation rod
for  allowing the off-axis displacement of the operating rod  when the
movable contacts contact the stationary contacts. 7. The vacuum insulated
switch according to Claim 1,  5 wherein the off-axis displacement allowing
structure  



includes a guide holder for supporting the guide, a groove  formed on an
inner surface of the guide, and an elastic  member disposed in the groove
for contacting an outer  surface of the operating rod, whereby the operating
rod 10 slidably contacts the elastic member. 8. A vacuum insulated
switchgear, comprising the vacuum  insulated switch of any one of Claims 1
to 7. 


