- 1 - TITLE OF THE | NVENTI ON VACUUM | NSULATED SW TCH AND VACUUM | NSULATED
SW TCHGEAR BACKGROUND OF THE I NVENTION 5 [Field of the Invention] The
present invention relates to a vacuuminsulated sw tch and a vacuum

i nsul ated switchgear, and particularly to a double-break three-position
vacuum i nsul ated swtch having circuit breaker and di sconnector functions
and a 10 vacuum i nsul ated swi tchgear using the such switch. [Description of
Rel ated Art] Today, in the field of power receiving and transform ng

system wuser needs are diversified. Eaehluser systemuses a different |oad
type and operating condition depending on 15 the application, and each | ocal
electricity distribution systemis designed by considering the safety,

reliabilityprrimigH emghcanveNrfoN ure | oad requirenment. There al so need to
be considered devices for controlling the breaker, disconnector, earthing

swi tch of terWeINSEernn NawBIch ZND VISJUM MNEUSVSES BWESTWRGEARS devi ces
for nonitoring and neasuring the system paraneters such as vol tage, current

and power. An inportant consideration in such design is howto mnimze the
space required for installation of the above- 25 cited various devices and

how to redygridiUNIS IG¥ 'BiE OFNVENTION
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



cost. A solution to this problemis a double-break three- position vacuum
swtch (e.g., JP2007-14086A). This doubl e-break three-position vacuumsw tch
contains: in a vacuum container therein having insulating 5 cylinders, two
stationary contacts; and two novabl e contacts capabl e of contacting and
separating fromthe respective stationary contacts, thereby providing a
doubl e- break configuration. The two novabl e contacts are connected by a
novabl e conductor, which is further connected to a 10 vacuum i nsul at ed
actuating rod. The vacuum insul ated aet@ating rod extends outside the
vacuum container via a netal bellows and is then connected to an operating
rod guided by a guide. The operating rod is further connected to an

operating l@yef, WisehutdopPeicditdd shprableReral iah@old1¢evredk A1l Y
notion of the operating | ever caused by the operating device is converted

to a linearpd®itdh Ofadiiin SPEFEH | (8. § 0d swgooRCcIugBéApUl ated actuating rod.
And the novable contacts can be held at three different positions: a

cl osed positionrhPs PESEH1e CHFEERT thIO¥. p88i PPER PASHEMOSw2EchO | nterrupt
current flow, and a disconnect position to ensure the safety of inspection

et sorne. pSFSHELLE, SHLlE ool imssEluae LGS oy PRy SladERRg, 1
and Fig. 5)cy1Pmdérs, 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



SUMMARY COF THE | NVENTI ON The above-nenti oned doubl e-break three-position
vacuum switch is configured so that the operating rod is reciprocateably
supported by the guide disposed near the 5 netal bellows in order to
equal i ze the contact forces applied to the two breaker contacts (the two
pairs of novable contacts and stationary contacts). However, a difference
between the two contact forces can occur caused by a structural asymretry
due to component 10 variation, assenbly error, etc. Such a contact force

di fference can cause an excessive contac8 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
| arge 15 opwMMARYD OFOMGE ITNVENTIONSd in order to overcone such a | ocal
contact force. This may incur increase in size of the operating device.

Under these ci rmHydrsicemert tiordE siiibleetddlontitee Gio i tiediedvdeusp! ve the
above problem An object of the 20 present invention is to provide a

doubl e- br egfgittiihe a &P Gorf iGu T WoMnthatu [ tHee bpaddtGh Al Prigd vacuum
i nsul ated sw tchgear using the switch, which has circuit breaker and

di sconnect GledipddattaARd stippoted itae tHe AW PP nedpldgd to the
two pairs of novable contacts and stationary 25 contacts by preventing even
| ocal scont gdtAf e reridt idtdied 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



rod with the guide nmenber. In order to achi eve the above object, a first
aspect of the present invention provides a vacuuminsulated switch, which
i ncl udes: a vacuum container; two stationary contacts 5 contained in the
vacuum cont ai ner; two novabl e contacts contained in the vacuum cont ai ner,
each capable of contacting and separating froma correspondi ng one of the
stationary contacts; a vacuuminsul ated actuating rod connected to the two
novabl e contacts; an operating rod 10 connected to the vacuum i nsul at ed
actuating rod via a netal bellows; and & guide for guiding the operating
rod; characterized in that, an off-axis displacenent allow ng structure is
provi ded between the guide and the operating rod and for allowi ng 15 the

of f-axi s dirxqd agattertheofguite apaitair ng rod. I n the above first aspect of the
present invention, the off-axis displacenent allow ng structure includes a

reduced diametmi ¢¥dér ofo facibehONtiod abdws shijdecs Hffiret appsetivg rod,
which is facing to an inner surface of the 20 guide so as to create a gap i s

created betﬁ’h@g)ﬂd&n@mﬁf@ﬂﬁ&ﬁ Proididda grdlfum | ihadditd @rewPrdhe
above-descri bed reduced dianeter portion, the off-axis displacenent

al | owi ng styri@dH rHhcifddddera iviEduiie cait £ilex gadvdli St B5n 6§ teotd o dred on
the 25 outer surface of the operating rod adjacent to the reduced - 5
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



di aneter portion, which is facing to the inner surface of the guide so as
to slidably contacts with the guide when the novable contacts are at open
and di sconnect positions. In the above first aspect of the present

invention, the 5 off-axis displacenent allow ng structure further includes:
a gui de hol der for supporting the guide; and an el astic nenber disposed
between an inner surface of the guide holder and an outer surface of the
gui de, whereby the operating rod slidably contacts the inner surface of the
10 guide. In the above first aspect of -tBe-present invention, the off-axis
di spl acenent allow ng structure further includes: two opposing guiding
menbers provided on the guide and slidably contacting opposite outer

surfaces ofgidifetlér qReFetdig wiOGh ai &) Ui &8 M| €Tt HOT i S 0§ ki Fdlcé her gui de
having the guiding menmbers; and a pair of elastic nenbers each disposed

bet ween an #n{eju e fs?&eq@ftd he1 LHAKiEy hedtledct Sngh B Ovd egu bl figén of the
gui di ng nenbers, respectively. In the above first aspect of the present

i nvention, e mAaold -Gk Sadk $PLAE TR pan | Al N SE5 M4 oIbLE £bRs A 9ap i S
f or med betmeen an inner surface of the gU|de and an outer surface of the

operation rod fof #héOoNbHPe PEretflas %éét Of SBhaCcsFEgEn o' 1ﬁ@§n9£’8ﬁat thg rod

when the novabl e contacts contact the stationary contacts. In the above

first pspecirofa @ P SSEM endYEM] Pwidd'Sserdfeture 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



of f-axi s di splacenent allow ng structure further includes: a guide holder
for supporting the guide, a groove forned on an inner surface of the guide,
and an el astic nmenber disposed in the groove for contacting an outer
surface of 5 the operating rod, whereby the operating rod slidably contacts
the elastic nmenber. A second aspect of the present invention provides a
vacuum i nsul ated swi tchgear, which includes the vacuum insulated switch
according to the first aspect of the 10 present invention. The present

i nvention enables to provide a doubl e-break three-position vacuuminsul ated
swi tch and/or a vacuum insul ated swtchgear using the switch, which has
circuit breaker and disconnector functions and can equalize the 15 contact

forces appl befl-4R1i5h815pRabaERL 041 1BY ERGCsEPAERGES FaPEhaFaliheNaa¥scontacts
by preventing even |local contact of the operating rod with the guide

menber. Thug, g@i ¥ h6DaeANE6L! s@pp¥rt ER§CRheUghRge! N] ?Ebb@@ 26¢fedi Bg to
the present Phvention can suppress increase in size of the 20 operating

device as wgl ! jRgePr QUHEcEOEO¥RE gﬁi&@ntan&aéﬁYémgsﬁiepﬁéhbéi and
increased reliability. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a

|0n9'tUd'”ahl§§8éé8”§h YhEWQEBo@eVESEUEbﬁ@abEiHbaéﬁdoﬁ%bECEuE@abE'H%trate an

enbodi nent of the present - invention.
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



Fig. 2 is an enlarged cross sectional viewillustrating an off-axis

di spl acenent allowi ng structure of the air insulated operating rod for use
in the vacuuminsulated 5 switch shown in Fig. 1. Fig. 3 is an enlarged
cross sectional view of the off- axis displacenent allow ng structure in the
vacuum insul ated switch shown in Fig. 1 at the open position. Fig. 4 is an

enl arged cross sectional viewillustrating 10 the off-axis displacenent
al l owi ng structure of the vacuum insulated switch shown in Fig. 1 at the
di sconnect position. Fig. 5 is an enlargdd-cross sectional viewillustrating

an off-axis displacenment allow ng structure of the operating rod for use in
a vacuuminsul ated switch 15 according to another enbodi nent of the present

invention. iffténtHohs an enl arged cross sectional viewillustrating an

of f-axi s di splacenent allow ng structure of the operating rod for use in a

vacuum i nsul at egigwi chs afcentapgefocsbkkl saaeibanlevhed i@nustirathag
present 20 invention. Fig. 7 is an enlarged cross sectional view

IIlustratingn @pfohkisxassplapbnentealleving sgrattuctuse ehet Aer operating
rod for use in a vacuuminsulated switch according to yet another

enbodi ment phstheteaespetatingn¥eat F68- uSe DETEhEERLORSRRIFSLOALER THE
PREFERRED EMBODI VENTS

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.



[ Enbodi nent] A vacuum i nsul ated switch according to an enbodi nent of 5 the

present invention will be described belowwth reference to the
acconpanying drawings. Fig. 1 is a longitudinal sectional view of a vacuum
insulated switch to illustrate a first enbodi nent of the present invention.
Fig. 2 is an enlarged cross sectional 10 viewillustrating an off-axis

di spl acenent allowi ng structure of the operating rod for use in the vacuum
insulated switch shown in Fig. 1. A double-break three-position vacuum
insulated swwtch 1 shown in Fig. 1 inelades: a vacuum contai ner 3 which
keeps 15 vacuumthereinside, and the vacuum container 3 is provided with
insul ating cylinders 2; and, contained in the vacuum container 3, two
stationary contacts 4A and 4B and correspondi ng two novabl e contacts 5A and
5B, each capable of contacting and separating froma correspondi ng one of

20 the st atp@fINERS PESCHIRTION GOYTHE GREFERRED EMBOEIMERK configuration.
When used, for exanple, in a feeder panel, the stationary contact 4A on the

left in Fig. 1 E €f 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 fegdefcudm fx%’u.'xiéﬁ’é‘d ét@ft&l?“é@&éfdfﬁgaﬂg af ebdaihént of

surroundi ngs are covered by an arc shield
5 the present invention will be described below with

reference to the accompanying drawings.

Fig. 1 is a longitudinal sectional view of a wvacuum
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



al so the contacts 4B and 5B and its surroundings are covered by another arc
shield 6 provided in the vacuum5 container 3. The novabl e contacts 5A and
5B are connected by a novable conductor 7 which is reinforced with a netal
(such as stainless steal) receiving no high tenperature annealing. A
vacuum i nsul ated actuating rod 8 is connected to the 10 novabl e conductor 7.
The vacuuminsul ated actuating rod 8 extends outside the container 3 via a
netal bellows 9 provided at the top opening of the vacuum container 3, and
is then connected to an operating rod X09 Fo 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 |ever
14 by a pi nsHéwn A via dall fe@dét i orimfaddiet iaer atHenddrebart L4 A sandtsR abl y
mounted on a fixed shaft 15. The other end of the operating 20 lever 14 is

connect ed va@d ai €9 NELt dgdings 18ré ocavero@ehbpt angarecsnpesa §7 angh as an
el ectromagnet. Rotating the operating |lever 14 by the operating nechani sm

17 all ows vgréé Cothe NBOREREts OABt HRANEBaRhE itonsacisuhdingd &Be And the
novabl e contacts can be held at 25 three different positions: a closed

posi tion (icéverédaby-addtheRodfci shtéld &)ptovP@sdi inCthéedhchhmaW, an open
position above the closed position to interrupt current flow, and a
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



di sconnect position further above the open position to ensure the safety of
I nspection personnel against a surge 5 voltage such as |lightning. A guide
hol der 18 is provided on and around the top opening of the vacuum contai ner
3. In the guide holder 18, there is provided a guide 19 for guiding the
operating rod 10. There can occur an inbal ance in the nmechanical 10
structure for operating the operating rod 10 due to conponent variation,
assenbly error, etc. In such a case, nere on-axis novenent of the operating
rod 10 may not exert equal contact forck8 en 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 displacenent allowing structure 20 for

al lowing tikhbwa ©h Pi§:ax)stdi permeenBotrentateont ghsepafepsBitasnvi evned
in Fig. 1) of the operating rod 10 when the novable contacts 5A and 5B are

caused to SBB{véC’chéhéléEé@ii?B@ii’iéﬁnﬁéciﬁtéﬁrﬁﬂﬂ 8BrréftA8180W9WankNaFi 9. 2
in detail, the off-axis displacenent allow ng structure 20 includes | ower

and upper res!yesﬁneéicagsgffisﬂrfﬁfﬁﬁegoébaoé £AB bpeAegosNtibg ggerating rod
10 so as to form gaps bet ween the reduced dianeter portions 20A and 20B

and internaén§HféaﬁﬁeOéafggngfd§n§€e0g§oﬁhﬁéf?%nﬁéh°&b&ﬂn9£faa§h§ e
di spl acenent of the rod 10 when - 1 t he novabl e contacts 5A and gB are
moved §0 thg,¢t2§8dsuPRSAE! Pghtning.
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. 1In 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



In this enbodi ment, the object of the present invention can be achieved by
provi di ng the above-nentioned | ower and 5 upper reduced di aneter portions
20A and 20B formed on the operating rod 10. However, preferably, under the
| ower reduced dianeter portion 20A of the operating rod 10 is provided a
| ower enl arged di aneter portion 21A adjacent to the |ower reduced di aneter
portion 20A slidably contacting 10 the inner surface of the guide 19, and
al so between the |ower and upper reduced di aneter portions 20A and 20B is
provi ded an upper enl arged dianeter pofrtibn-21B adjacent to the |ower
reduced di anmeter portions 20A, 20B. Such a structure enables the novabl e
contacts 5A and 5B to be 15 i movably held at the open and di sconnect

posi tions byhe GROFABe { Eon CRACER 50 0ah@05H Oat® mbvE@Dty €RAtALbséde i nner
surface of the guide 19. In addition, this enbodi nent provides a

circunferendd i oove 21C along the inner surface of the guide 19 in order
20 to prevent interference between the upper enlarged di aneter portion 21B
and the inner sgpfage OEﬂBB&iHEhQ?_%ﬂe“@ﬁﬁeé@eofOPEEakaEeﬁQdiﬁgehkhBﬁ-
Next, the operation of the vacuuminsulated swtch according to this
enbodi ment  of, the il‘g(:ilgfégéd'we;%éf{‘dﬂélthg5al§’@véi-erﬁ8ﬁ’c?§ﬁe<‘i“ 16yefigngnce to

Figs. 1 to 4. 12 I's ‘an enlarged cross sectional view t he of

axi s di spl qeEIBRt -84l O "1 Sh&HEE U Ert Ton S YACLHE 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.



I nsul ated swtch showmm in Fig. 1 to illustrate how the off- axis

di spl acenent allowi ng structure operates at the open 5 position. Fig. 4 is
an enl arged cross sectional view of the off-axis displacenent allow ng
structure in the vacuum insulated switch shown in Fig. 1 to illustrate how
the off- axis displacenent allow ng structure operates at the disconnect
position. 10 At the open position (Fig. 3) and the di sconnect position
(Fig. 4), the lower and upper enlarged dianeter portions 21A and 21B of the
operating rod 10 slidably contact the-ixmer surface of the guide 19,
thereby preventing radial displacenment of the operating rod 10 in 15 the
gui de 19. Wien the novabl e contacts 5A and 5B are noved fromthe open

position or thepggsconpgchnperiatgdat erbbs §L6E€InaROFibivOBEi Bhar EE-1 O
bring the novabl e contacts 5A and 5B in contact with the stationary

contacts 4/A;gngl d£§%i£@bﬁ€h9p@1ﬁ6wfﬁbré&&é&k@@yeﬁnd@M@w@éébum(as viewed in

Fig. 1) and then he gaps C are fornmed between the | ower and upper

reduced di ajR$efabod [ swiEcK Odheps £&E?f§d 1h@olfﬂfﬁsﬁﬁaiécsow0£héh§fﬂu1de
19. Such formation of the gaps C prevents the outer surface 25 of the

Che" oL n2 [BAAS I RUROEL Lokl CONAEIAR hernrdd ot URA ShEheCe o

as vieyed ifoEi giod) FiYDN 4 is an enlarged cross sectional view of the
off-axis displacement allowing structure in the wvacuum
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



the axis of the guide 19 when it is noves down caused by a structural

| mbal ance due to conponent variation, assenbly 5 error, etc. In other words,
this allows the off-axis displacenent of the operating rod 10. All ow ng
such of f-axis displacenent of the operating rod 10 can equalize the contact
forces applied to the novable contacts 5A, 5B for contacting the stationary
10 contacts 4A, 4B, respectively. This enbodi nent can prevent even | ocal
contact of the operating rod 10 with the inner surface of the guide 19
caused by the off-axis novenent thereof,1dnd as a result no unbal anced | oad
Is applied to the guide 19 or the vacuum 15 contai ner 3 sustaining the guide
19. Therefore, there is no need for additional strength reinforcenent of

such menber fpnet Ns@fehdd 0f tHe §o1dEciofOv&LSiAPPhE €dpéPat DfgmBYabLE
contacts 5A, 5A for contacting the stationary contacts 4A, 4B can be

equal i zed; {{yigs {ﬂl@fﬁ@%&,léfe%fo,éfgﬁe €07 BEaba 0fn dggl 01) NEFE@SeEd
resi stance or contact farlure can be reduced, |eading to I nproved

reliabilityyn&igeis bf file CHLRESCH) CHRER BECLS ARGy §¥Wh! EHEEER bPJa AN
of f-axi s di splacenent allow ng structure of the operating rod for use in a

vacuum | nsu g o} ol 60T 8h003 CoamasRORE RDRALIBR! ALaLhGIPr esent

i nventi on, I n which elenents designa e sane reference nunerals

as thoge usgdrip FLEs. YAWirer SHARRENHNE SABWL 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,



equi val ent elenents. In the off-axis displacenent allow ng structure 20 of

5 the operating rod 10 according to this enbodi nent, the guide holder 18

i ncludes: 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
provi ded 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 nenbers- 124 opposi ng each ot her and form ng
one cylindrical guide. Al ong upper and | ower portions of the 15 outer
surface of the cylindrical guide 19, there are forned grooves 19A and 19A,

in each of gL ST s Bd@Sidfatd® DL tHe Salfd PSEErdnbdeiuhéRgls S

inserted. A cap 23 is fixed to the upper surface of the flange 18A of the

guide hol dgy dibdy P SiRF1gd. | D 4 S2 RO S8RK , thdCsaRaUbAr el astic
menbers 22 allow the cylindrical guide 19 to tilt in the guide supporting

cylinder 1 EDY LI&NENMLNg the outer surface of the operating rod 10
fron1evenf%§gﬁ$%i contacting the inner surface of the cylindrical guide 19

25 even if the gpefaLi el gghd0albbiscLhot ae18¥)fg okt HiBtardS200yki ndri cal

guide 19 when it is noved wn. | n other wor s allows the off-axis

di spl acementy, of , 0, OREE 3@ % ¢ %kcording to this embodiment, the

gulde 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



10. Al'low ng such off-axis displacenent of the operating rod 10 enables
equal i zati on of the contact forces applied 5 to the novable contacts 5A, 5B
for contacting the stationary contacts 4A, 4B, respectively. Fig. 6 is an
enl arged cross sectional viewillustrating an off-axis displacenent
allowing structure for use in a vacuuminsulated swtch according to a
third enbodi ment of 10 the present invention, in which el enents designated
by the sanme reference nunerals as those used in Figs. 1, 2 and 5 represent
the sane or equivalent elenents. In the Xdf-axis displacenent allow ng
structure 20 of the operating rod 10 according to this enbodi nent, along 15
upper and | ower portions of the inner surface of a guide 19 are forned

grooves 19A-pnthdffeal Ng€edd DI widehi e anmevéd dewast ith BHEF wirddich as

a rubber ring is inserted so as to contact the outer surface of the

operating rgghdOa) bwd | Bid Yof £- 4 0Es apPy ST Sleshéh Pesle ermedbpERrASingNb6a 20

enbodi nent also allows the off-axis displacenent of the operating rod 10 by

the def or maf 4 on A9f) i LU o fH -AHiIC A1BYIRRIcedt AN bhe?ld B dtd iy Ch

of f-axi s di'spl acenent of the operating rod 10 enabl es equali zati on of the

contact forgge 1@%&@9\3&Oecilﬁ%?li@é{@féx?l&P%ﬁ%é&oﬁ&c@%éf&e@&%ﬁﬁé&g the 25

stationary contacts 4A, 4B, "respectively. - Fig. 7 1s an enlarged cross

secti anal  vigWhd ISV aBLE Nont 8R! F58 e oREACEIRG! LRb! oW ng structure

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 qf
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.



operating rod for use in a vacuuminsulated switch according to a fourth
enbodi nent of the present invention, 5 in which also elenents designated by
the sane reference nunerals as those used in Figs. 1, 2 and 5 represent the
sanme or equivalent elenents. In the off-axis displacenent allow ng structure
20 according to this enbodinent, a cylindrical guide 19 is 10 provided in
a gui de-supporting cylinder 18B of a guide holder 18. And, two opposing
springs 22 and 22 are provi ded between opposite outer surfaces of the guide
19 and inner surfaces of the cylinder-188 so that the operating rod 10
slidably contacts the inner surface of the guide 19. 15 In this enbodi nent,
simlarly to the second enbodi nent, the guide 19 can tilt, thereby allow ng

the off-axis dFiQ'aqeﬂﬁnhnoénlbegéﬂeb@bbégsé@di&ﬂalAﬂdewahﬂQWEmﬁaiﬂ ?
of f-axi s di splacenent of the operating rod 10 enables equalization o

contact forggs aRPbifdakPstdespLyobhentOatobwdfiySsbuckBréobrcenkacting the
stationary contacts 4A, 4B, respectively. In this enbodi nent, the operating

rod 10 and gpkfgtifg POahrbavEse ¢h! UVABUGHOSASEEAEEANSwHBRRVEr, in or der
to prevent rotation of the guide 19 around the operating rod 25 10 caused

by an exteraéboieiﬁg t8na0989§theeﬁb66§meﬁttBE thé7pré98n%01ﬁ%éﬁtibﬁht and
| eft sides of Fig. here may be provided two opposing flat surfaces
per pengli cul gp &Hi&ﬁealso 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



drawi ng 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 renoval and
deformation of the springs 22 as well as tw sting of the netal bellows 9.
10 Al t hough the above enbodi nents di sposes the novable contacts 5A and 5B
above the stationary contacts 4A and 4B, the present invention can al so be
applied to the case where the novabl e-cobntacts 5A and 5B are di sposed bel ow
the stationary contacts 4A and 4B. 15 In addition, although the above

enbodi nents have been described for a vacuuminsul ated swtch, the present

i nvention cpg al 60( Bfe aPPIhElan@ PefBCsides NSl Bigd 7FWhéeRgemay Wb ch,
within a casing, contains a vacuum insulated swtch 1 and other devices for

ensuring sabLedviddd 264P S SHEEEhg OET & 0s PE 4k 69 APE Ependli EWBRLCES Ofhaor K, such
as a disconnector, earthing swtch, detector for neasuring the voltages

and currentgr&fid§epBaisd eand AMs P IGCE14€ s@Ffdces My b PrdovBa&aALNED IS
1. A vacuuminsulated switch, conprising: a vacuum container; two
stationary somb@fts LONEAI @Fraded Ner VaRe Ughide CPHL S NEE  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.



two novabl e contacts contained in the vacuum container, each capable of
contacting and separating froma corresponding one of the stationary
contacts; a vacuuminsul ated actuating rod connected to the two 10 novabl e
contacts; an operating rod connected to the vacuuminsul ated actuating rod
via a netal bellows; and a guide for guiding the operating rod;
characterized in that, 15 an off-axis displacenent allow ng structure is
provi ded between the guide and the operating rod for allowing the off-axis
di spl acenent of the operating rod. 2. -Thes vacuuminsul ated switch accordi ng
to Caim1l, wherein the off-axis displacenent allowng structure 20

i ncl udes a reduced dianeter portion formed on an outer surface of the

operating r@fhr W8 CrLATMERCI®O to an inner surface of the guide so as to
create a gap between the operating rod and the guide. 3. The vacuum

i nsul at ed swi t ¢, agCcesShad i@sgigtga25w1g§hmh@5@bﬁlgh§ of f-axi s di spl acenent
allowing structure 19 further includes an enl arged dlaneter portion forned

on the outer syryacgumfcbh€aPRerating rod adjacent to the reduced dianeter
portion, which is facing to the inner surface of the guide so as to

slidably contacig, Wt i8fasyll E6n¥hELs ScoiitalRYEPIR €RB #aLGum’ © at open and

di sconnect positions.
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



4. The vacuuminsul ated switch according to Claim1l, wherein the off-axis
di spl acenent allowi ng structure includes a guide hol der for supporting the
gui de, and an el astic nmenber di sposed between an inner surface of 10 the
gui de hol der and an outer surface of the guide, whereby the operating rod
slidably contacts the inner surface of the guide. 5. The vacuum i nsul at ed
switch according to Claiml, wherein the off-axis displacenent allow ng
structure 15 includes two opposing guiding nmenbers provided on the guide
and slidably contacting opposite outer- i f-aces of the operating rod, a

gui de hol der for supporting the guide having the guiding nenbers, and 20 a
pair of elastic nenbers each di sposed between an inner surface of the guide

hol der and farrtidrerirslddee aif edlarqid dixgnath ot ias aimedlon the The
vacuum i nsul ated switch according to Caiml, wherein the off-axis

di spl acenejutaid BMrTacH £ tHNe: dperadiiny Avdl el Jdddhta g Heorradhdwd ween an
I nner surface of the - 20 guide and an outer surface of the operation rod

for all owidiGanidie offoraich ,divilac e ading e IR atrnir rag-faderot he
novabl e contacts contact the stationary contacts. 7. The vacuum i nsul at ed

:\tMrL gthu?gcqrr@ fhilde @Rid8 o A MM} editadd wadits Wi RhacddBiterd! | owi ng
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



I ncl udes a guide hol der for supporting the guide, a groove formed on an

I nner surface of the guide, and an elastic nenber disposed in the groove
for contacting an outer surface of the operating rod, whereby the operating
rod 10 slidably contacts the elastic nmenber. 8. A vacuum i nsul ated

swi tchgear, conprising the vacuum insulated switch of any one of Clains 1
to 7.

- 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.



