- 1 - TITLE OF THE | NVENTI ON VACUUM | NSULATED SW TCH AND VACUUM

| NSULATED SW TCHGEAR BACKGROUND OF THE | NVENTION 5[ Field of the

| nvent i on] The present invention relates to a vacuuminsul ated
switch and a vacuum i nsul ated switchgear, and particularly to a
doubl e-break three-position vacuuminsul ated switch having circuit
breaker and di sconnector functions and a 10vacuum i nsul at ed

swi tchgear using the such switch. [Description of Related Art]
Today, in the field of power receiving and transform ng system user
needs are diversified. Each user systemuses a different |oad type
and operating condition depending on 15the application, and each

| ocal eIect&&gL#y?g ﬁﬁélf&“ﬁﬁ¥hﬁystenlls desi gned by considering the

safety, relia mai nt enance and future | oad requirenent. There

al so need tg, Eﬁuﬁfﬁﬁéﬂg S‘ijmﬂ:t’ gﬁﬂﬁ‘ﬁf BY vECH: ONS AT sﬁfr‘i‘%&ﬁm

di sconnect or, e power recelving an
20transforn1ng systemas well as devices for nonitoring and neasuring
the system paraneters such as voltage, current and power. An

| nport ant cepskERGMED WBF | FHE UNVENESORN iS how to m nim ze the space
required for installation of the above- 25cited various devices and
how tosreduce tippiéngtef| ehd Othvention]

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 varlous devices and how to reduce the installation



- 2 - cost. Asolution to this problemis a double-break

t hree-position vacuumswitch (e.g., 3P2007- 14086A). Thi s
doubl e- break three-position vacuum switch contains: in a vacuum
contai ner therein having insulating 5cylinders, 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 10vacuum

i nsul ated actuating rod. The vacuum i nsut at ed actuating rod extends
out si de the vacuum container via a netal bellows and is then

ted t t] ided b i de. Th ti di
Further confeeted § o SIat 460 M P cpBrolmi 1 § oapaPhPERk, faFee- °
operating 13devic8y éaé%ﬁ“é/w{%t"éﬁ O(t%.%f. tH?zE}B‘?Ef%d}é‘&d ever caused by
t he operatlﬁb evice rs-"converted to~d‘l rnéar notion of the operating

rod and vacuum |,1@1§_|g:c ?nglg%y&hjf n&lfecbd?dgpqigﬂevg&\_{ | &,£04} acts can

be held at three erent positions: oSed position to permt

current flOaniQiﬁQ?niﬂoéi$$6WMﬁQ&9n%ﬂh%ErFﬂér&fﬁrﬁﬁGin(¥M5u§Q4ﬁﬁg

di sconnect position to ensure the safety of 1 nspection personne

agai nsty a S48 niakkageys Usta Bforld9N iddntdctFat 804 €5 URHb1E
Japanese Patént Application Laid-
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 ouitside the vacuum container via a
metal bellows and is then connected to an coperating 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 1s 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 1l: Japanese Patent Application Laid-

open No. 2007-14086(paragraphs 0024 - 0030 and Fig. 5}.

25



open No. 2007-14086( paragraphs 0024 - 0030 and Fig. 5). - 3 -
SUMVARY OF THE | NVENTI ON The above-nenti oned doubl e- break
three-position vacuumswitch is configured so that the operating rod
IS reciprocateably supported by the guide disposed near the 5 netal
bellows in order to equalize 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 struct ural asymetry due to conponent 1Ovariation,
assenbly 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 %@ﬂmﬁﬁﬁSSFt$ﬁh éﬁhg rod to contact the guide. In

parti cul ar, operating ro n contact the guide locally, so a

I arge 15operati A f E56e i Red EHdL S 18L HEEak %Méé%ﬁﬁ%h vacl@agal

COI‘l_t act force. S may |1 ncur 1 ncrease In size of the operatl ng
devi ce. swiBER' 1 L NESEr fUrEdHAREES: thECopdastaig ifdgenki on is

origi nated to sol ve the above problem An object of the 20present
i nvention i $eb9pPbONtES By dRiHAtRECBY théeguide 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. 1In 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



position vacuuminsul ated switch and/or a vacuuminsulated sw tchgear
using the switch, which has circuit breaker and di sconnect or
functions and can equalize the contact forces applied to the two

pai rs of novable contacts and stationary 25contacts by preventing
even | ocal contact of the operating - 4 - rod with the guide nenber.
In order to achieve the above object, a first aspect of the present

i nvention provides a vacuuminsul ated switch, which includes: a

vacuum container; two stationary contacts 5contained in the vacuum
contai ner; two novable contacts contained in the vacuum contai ner,

each capabl e of contacting and separating froma correspondi ng one of

t he stationaré cogﬁaﬁﬁs; gnﬂgqﬁ&ﬁgérnsulated actuating rod connected
to the two MOVaBie’contatlis e an operating rod 10connected to the

vacuum i nsul at ed_agtyalipg 1 9o vid t@leﬁgég{,eb?%i‘?g@j 2N 2 19U R & Ob ¢

gui ding the operatrng rod; characterized in an oft-axis

0PTSRS dpena 1

operating ro ow ng 15the axl s acenent o

operating rQficn jncliadde LRAMRI OhraSREE! Qfo INAINRRER! contacts

invention, the of%?ax!s di spl acement allow ng structure includes a
reduced di apBhehiReAtiQNHO VRGN cRRLAYHhEE; Std afsvatf1d RRneReEat i NY

rod, which is facing to an inner surface of the 20guide so as to

create a gapohtathedt £d Hed WeriwdrheoaRaliAbt Ndeddl cupthrike ogui de.
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 actunating 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 rcd.

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 gulde so as to create a gap is created between the
operating rod and the guide.

In addition t¢ 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



In addition to the above-described reduced di aneter portion, the

of f-axi s di splacenent allow ng structure further includes an enl arged
di aneter portion forned on the 25outer surface of the operating rod
adj acent to the reduced - 5 - dianeter portion, which is facing to
the inner surface of the guide so as to slidably contacts with the
gui de when the novabl e contacts are at open and di sconnect positions.
In the above first aspect of the present invention, the 5off-axis

di spl acenent allowi ng structure further Jjncludes: a guide holder for
supporting the guide; and an el astic nerber disposed between an inner
surface of the guide holder and an outer surface of the guide,

Toguide. - SU8ikeRFCBeb BTt PR 250 2hREhS: h phd Bt ERRe8ot he
ff-axis displ t gl Lowing St i noludes:. &
R = S S R R

contacting QpRORLLELPH! ﬁéngﬁ%icﬁ}\/%%gbpﬁn 12005 A dihd A nod 194048

hol der for supporting t e guirding ne ;

e e hofis acd oA bk Sbcaghchebbest b aagt WdasSac! hie
respecty vel yrelAxli Beqd 2HPVEcdhdrt AARGGhgOStE et BF &SR tHY §RL ARes e
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-axls 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



200f f -axi s di spl acenent allow ng structure wherein a gap is forned
bet ween an inner surface of the guide and an outer surface of the
operation rod for allow ng the off-axis displacenent of the operating
rod when the novabl e contacts contact the stationary contacts. 25In
the above first aspect of the present invention, the - 6 - off-axis
di spl acenent allowi ng structure further includes: a guide holder for
supporting the guide, a groove forned on an inner surface of the

gui de, and an el astic nmenber disposed in_the groove for contacting an
outer surface of 5the operating rod, mﬁe?eby t he operating rod
slidably contacts the el astic nenber. A second aspect of the present

rvent on bt 953 7 aUASYNTLARSY 8L s Lengent vaLch Lnc g e
10 toi ti t ti bl t '

L0pr esent | SR o TR PLSRCRI LI FeSURRhES, 4 ouB N P, ap
| nsul ated svyf ‘i'ﬁ%t%%r sﬂ%EQgetQE S L6l Gh g’ﬁlseﬁaéfy tadgdker and
di sconnect or nf uncti ons an can equ I ze tﬁe 15Cont ac or ces appl i ed

to the tVW)lﬁﬂéﬁ%égh EHV%HéegESE%é“¥&% 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 gulde 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 1llustrate an embodiment of the present



and stationary contacts by preventing even |ocal contact of the
operating rod with the guide nmenber. Thus, a switch and/or a

swi tchgear using the switch according to the present invention can
suppress increase in size of the 20operating device as well as
provi de inproved current- carrying properties and increased
reliability. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a

| ongi tudi nal sectional view of a vacuum 25i nsulated swtch to
illustrate an enbodi nent of the present ,-_7 - invention. Fig. 2 is
an enl arged cross sectional view illustrating an off-axis

di spl acenent allow.ng structure of the air insulated operating rod
for use in t{gié%ﬁggﬂqlinsylated Sswitch shown in Fig. 1. Fig. 3
is an enl arged Ccross sectional view of the off-axis displacenent

fLLO‘C’)"ng ; 2; :J tCIt C‘?;\i% 1B 4ReHagHIm a8 WAlRd Wi 6RashoY | Th RlGrrak 13
an off-axis displacement allowing structure of the air
insulated operating rod for use in the wvacuum insulated

5 switch shown in Fig. 1.

Fig. 3 is an enlarged cross sectional view of the off-
axis displacement allowling structure in the vacuum
insulated switch shown in Fig. 1 at the open position.

Fig. 4 is an enlarged cross sectional view illustrating

io0 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.



Fig. 4 is an enlarged cross sectional view illustrating 10t he

of f-axi s displacenent allow ng structure of the vacuum i nsul ated
switch shown in Fig. 1 at the disconnect position. Fig. 5is an
enl arged cross sectional view illustrating an off-axis displacenent
all owing structure of the operating rod for use in a vacuum i nsul at ed
swi tch 15according to anot her enbodi nent of the present invention.
Fig. 6 is an enlarged cross sectional viewillustrating an off-axis
di spl acenent allowi ng structure of the q Eferating rod for use in a

vacuum i nsul ated switch according to sti

anot her enbodi nent of the

present 20i nventi on. Fig. 7 is an enlarged cross sectional view
illustrating an off-axis displacenent allow ng structure of the
operating rod for use in a vacuuminsul ated switch according to yet

DESCRI PTI m%%ﬁng&%%aﬁ%gﬁfﬁ%i%%?% LE[A) vacuum

I nsul at ed smﬁtcgéﬁ%gﬁ&gggg to an enbodi nent of 5the present invention

anot her enb

Wil |

be describ
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25

h reference to the acconpanyi ng draw ngs.
A vacuum insulated switch according to an embodiment of

the present invention will be described below with
reference to the accompanying drawings.

Fig. 1 is a longitudinal secticnal view of a vacuum
insulated switch to illustrate a first embodiment of the
present invention. Fig. 2 is an enlarged cross sectional
view illustrating an off-axis displacement allowing
structure of the operating rod for use in the vacuum
insulated swltch shown in Fig. 1.

A double-break three-position vacuum insulated switch 1
shown in Fig. 1 includes: a vacuum container 3 which keeps
vacuum thereinside, and the vacuum container 3 1s provided
with insulating cylinders 2; and, contained in the wvacuum
container 3, two statlonary contacts 4A and 4B and
corresponding two movable contacts 5A and 5B, each capable
of contacting and separating from a corresponding one of
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

the right in Fig. 1 is connected to a cable head {(not



Fig. 1 is a longitudinal sectional view of a vacuuminsul ated sw tch

toillustrate a first enbodi nent of the present invention. Fig. 2 is
an enl arged cross sectional 10view illustrating an off-axis
di spl acenent allowi ng structure of the operating rod for use in the
vacuum i nsul ated switch shown in Fig. 1. A doubl e- br eak

t hree-position vacuuminsul ated switch 1 showmn in Fig. 1 includes: a
vacuum cont ai ner 3 whi ch keeps 15vacuum t hereinside, and the vacuum
container 3 is provided with insulating &yllnders 2; and, contained
in the vacuum container 3, two stationary contacts 4A and 4B and
correspondi ng two novable contacts 5A and 53 each capable of

contacti ng aé?m%w?x p%ﬁt ”Qe%&&?‘ a4 10LHATEY é"l:eonQ{( 8 and sa

stationary conta ere providing a oUb e- break configuration.

Wen used, fa% g&%”ﬁ%&ohﬂdi‘né&%’fé RARGed b geaﬁta&éo AL EPL adeﬁta 4A

on the Ieft I's connected to a bus bar (not shown

the stati Onae{l)éoc‘%ﬂbaEBn‘ﬂ§cEQ 25t hea rdlﬁ@nd' &tE' Qurﬂoﬁﬁdﬁi’é’@es&teed to a
cable head (not - 9 - shown) via a feeder. In addition,” the contacts

4A and 5A angyelreas By AHBEHBESAE IO &0 phveAedr on SHhe! fhdumAnd
al so the contacts 48 and 58 and its surroundi ngs are covered by

anot hers ar ¢ gdni@lihe® prrovided in the vacuum 5contai ner 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



The novabl e contacts 5A and 58 are connected by a novable conductor 7
which is reinforced with a netal (such as stainless steal) receiving
no high tenperature annealing. A vacuuminsul ated actuating rod 8 is
connected to the 10novabl e conductor 7. The vacuum i nsul at ed
actuating rod 8 extends outside the container 3 via a netal bellows 9
provi ded 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 1& by a pin 1511. To the
ot her end of the connecting rod 12, the & Ts connected one end of an
operating lever 14 by a pin 13. A mddle portion of the operating

| ever 14 is rotatabl nnugéed on a fixed shaft_15. The other end of

t he operati EB ety GTeRt SRRt AR PRYY PFdtdomn
t 17 | t t t i t
oherating I¢ a”' %C&Egggpa?%f?@ ?F‘écrﬁ&;%??”e b QRFERRL VR cand a
novement of he ana le c i f @% d o d t he #Jf% tacts

can be hel d BaFEPLPE furthdi ptee 0 Bo8n Tt iforh

t hat - 10 -

pogl tion abo?/nesm lhl‘qo geté ioio%eééutltir? e rup%néég\r,\ée c,?ﬂﬁ%o\;een sélr]f €a

dlsconQ§ct R&ﬁfﬁ; sﬁﬁhtggr1§$ﬁ¥ﬁiﬁ£e open position to ensure the
agal

saf ety of inspection personne st a surge 5voltage such as
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openi ng of the vacuum container 3. I'n the guide holder 18, there is

provi ded a éHin%goEOEhQUbeﬁﬁhtéﬁhﬂﬁ%ﬁé&*Bng fﬂxkﬁHJgdﬂa@rﬁoqaar0§§ur
an |nbalance in the nechani cal

there 1s provided a guide 19 for gulding 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 i1s 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 1in Fig. 2 in detail, the off-axis displacement
allowing structure 20 includes lower and upper reduced
diameter portlons 20A and 20B formed on the operating rod
10 so as to form gaps C between the reduced dlameter
portions 20A and 20B and internal surface of the guide 19,

25 thereby allowing off-axis displacement of the rod 10 when



10structure 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 forces on the two
breaker contacts. In order to address this problem between the guide
19 and operating 15rod 10, there is provided an off-axis displacenent
allowing structure 20 for allowing tilting or off-axis displacenent
(lateral displacenent as viewed in Fig. 1) of the operating rod 10
when the novabl e contacts 5A and 55 are_caused to contact the
stationary contacts 4A and 45. 20As shown in Fig. 2 in detail, the

of f-axi s di splacenent allow ng structure 20 includes | ower and upper

reduced di aneter go&iions Oqiagﬂxzo formed on the operating rod 10
so as to formgafde BerMEH tHh é‘&écéﬁ AranBeerd it tihsn £196&%and
205 and i”tﬁBE?k §Hrface of the guide 19, 25thereby allow ng off-axis
di spl acenent™ 0 tR8°rod 10 when the novable contacts 5A and 5B are

moved to the Cl%ﬁeghggshﬁﬁggimeqF. é#} %yh%FgcgggiégjﬁﬁgééH% %p.%% igL

the present invéntion can b€ achi’eve

above- ment i eAgdpbONEhs 8l WP oy NGCEng! SRS Indif A0S 1208-204

20B fornmed on the operatingr wever, preferably, un

I 9 ! . . .
ower rs UC%gpgkaf@&@ée@oéidn%e%o%ogfgﬁaﬁg ng%,&éaﬁa% ;%)Cfg%%rgn%d' ﬁn he

provi ded a | ower enl arged di aneter 0 the l'ower

reduced di agpkeatPeitiod POA sbidably %{{f&féﬂl h3kke Eei%vﬁé%face

of the guide 19, and al so between the 1ower and upper reduce
di aneter poirkhansd 2@ amdte? ARt ol Q¥ades e WSFa1aMARGRd16i aget er

portion 21B adjacent to the | ower reduced dianeter portions 20A, 288.
Such a strugruvededad| bewdihentargeldedtans a6t spdrk aid 28R BajhR8ent 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.



15i mmovably held at the open and di sconnect positiOnS DBy causSing the
operating rod 10 to slidably contact the inner surface of the guide
19. In addition, this enbodi nent provides a circunferenti al
groove 21C along the inner surface of the guide 19 in order 20to
prevent interference between the upper enlarged dianeter portion 21B
and the inner surface of the guide 19 when the operating rod 10

tilts. Next, the operation of the vacuuminsul ated switch
according to this enbodi nent of the preignt invention will 25be
described with reference to Figs. 1 tdo 47 "- 12 - Fig. 3 is an

enl arged cross sectional view of the off-axis displacenent allow ng

truct inth insulated switch shown in Fig, 1t
I ust rate how T8 off EPE. T LB b RRESa PR ARR L PIRY AL Wisorfes

oL, Open SSRGS L0t el i e BbR-o" RS te Vv of
Switoh Showni0aEhde dutooh | LWSH 30e gl §neo of fraud. ol 3pheGRIeBEe.

al l owi ng structure operates a e di S€onhect position.

position (Fi 3 i [ 4 (El | 0 and
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position or the disconnect position to the closed position in order
to bring thengavabke switactshdwvh aRdrg.i 0 €O BGIstMdte Wk the off-

stationary contacts 4A and 48, the
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 2]1A and 21B of the operating rod 10 slidably
contact the inner surface of the gulde 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 5& 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 208 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



20operating rod 10 noves downwardly (as viewed in Fig. 1) and then,
the gaps C are fornmed between the | ower and upper reduced di aneter
portions 20A and 208 and the inner surface of the guide 19.

Such formation of the gaps C prevents the outer surface 25of the
operating rod 10 fromeven 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) fromthe axis of the guide 19
when it is noves down caused by a structural inbalance due to
conponent variation, assenbly 5error, "et¢. "In other words, this

all ows the off-axis displacement of the operating rod 10.
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Therefore, there is no need for additional strength relnforcenmen Yot
such meyiber $rror, etB.add| dider WReasoNtRtd d0IRES 13Pliredakest he

novabl e contacts 5A, 5A for contacting the stationary contacts 4A, 4B
can be equaldizpdackhEft &PrtieXasfmtiglgeebaode,

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 additicnal strength reinforcement of such members.

In addition, the contact forces applied to the movable
contacts 5A, 5A for contacting the stationary contacts 43,
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,



20degradation due to increased resistance or contact failure can be
reduced, leading to inproved reliability. Fig. 5is an enlarged
cross sectional viewillustrating an off-axis displacenent allow ng
structure of the operating rod for use in a vacuuminsul ated switch
25according to a second enbodi nent of the present invention, - 14 -
in which el enents designated by the sane reference nunerals as those
used in Figs. 1 and 2 represent the sanme or equivalent elenents. In
the off-axis displacenent allow ng struitu[e 20 of 5the operating rod
10 according to this enbodi nent, the duiée hol der 18 includes: a
flange 18A for fixing the guide holder 18 to the vacuum contai ner 3;
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are formed grooves 19A and 19A, In eac an annul ar el astic
menber 22 suygf %%e%aﬁ:]';ﬂliqgefo&' 1@ dScdHelg @8- th1§28mBSaiferdt Xathe! 0 the

upper surface of "the ange 18A of the guide holder 18 by bolts 24.

201 n this erhodiemdhderhesammel @des! astilandBP8ASEF@2 £ixing 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 193 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



allow the cylindrical guide 19 to tilt in the guide supporting
cylinder 18B, thereby preventing the outer surface of the operating
rod 10 fromeven locally contacting the inner surface of the
cylindrical guide 19 25even if the operating rod 10 tilts fromthe
axis of the - 15 - cylindrical guide 19 when it is noved down. In
other words, this allows the off-axis displacenent of the operating
rod 10. Allow ng such off-axis displacenent of the operating rod 10
enabl es equal i zati on of the contact fqrﬁgs_applied 5to the novabl e
contacts 5A, 5B for contacting the statronary contacts 4A, 4B,
respectively. Fig. 6 is an enlarged cross sectional view
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are formed grooves 1 and 19A, 1 n each of which an annul ar

menber 22 sueh 188 AovHBDE! cohttsS JAISBR! %Qf:zg?ﬁéaéf’irﬁde)%?ect the

outer surface of the operating rod 10. Sim y tot

above- descrigadionbed aeRtsctd N, 4@enhedprBRivalyo allows the
of f-axi s di splacenent of the
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 alsoc 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 10 by the deformati on of the annul ar "el'astic nenbérs
22. And, allow ng such off-axis displacenent of the operating rod 10
enabl es equalization of the contact forces applied to the novabl e
contacts 5A, 5B for contacting the 25stationary contacts 4A, 4B,
respectively. - 16 - Fig. 7 is an enlarged cross sectional view
illustrating for an off-axis displacenent allow ng structure of the
operating rod for use in a vacuuminsul ated switch according to a
fourth enbodi ment of the present inventi.an, 5 in which also elenents
designated by the same reference nuneral’s as those used in Figs. 1, 2
and 5 represent the sanme or equival ent el enents. In the off-axis
di spl acenent al l,owi n ruct C j t hi.s_enmhodj| ment

dl'givq_. 9 %.ts %&\‘1 thaége& &chscg . cttgonai view Jc.ji lf%%qt%

cylindrical gui 9 i $ 10pr ovi in a guide-supporting Ty
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contacts the inner surface of the guide 19. 1 e ment ,
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allowi ng the off-axis displacenent of the operating rod 10.
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In this enbodi ment, the operating rod 10 and gui de 19 both have a
circul ar cr cssresect eqnivhibaebeslementar.der to prevent rotation of the
gui de 19 around the operating rod 2510 caused by an external force,
on opposite sidean dhet pff-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 BA, 5B for contacting the stationary contacts 43,

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
provi ded two opposing flat surfaces perpendicular to the draw ng
pl ane and also two flat surfaces nmay be provi ded on opposite inner
surfaces of the guide 19 so as to be 5parallel 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
twisting of the metal bellows 9. 10Althqygh the above enbodi nents

di sposes the novabl e contacts 5A and 58 above the stationary contacts
4A and 48, the present invention can also be applied to the case

where the nmygbhig %ﬂb%&ghéﬁaﬁd\%ﬁﬁ &%egi 890§f§hgﬁig ﬁ&'}ﬁee may, be

stationary contacts 4A and 48. 15In addition, a

embodi ment s giaa deaerweesspoPath forad @eHHaY | ﬁéﬂﬂ)éﬁ@f’ﬁnﬁ"&f Gy thie

present invention can also be applied to a vacuum | nsul ated

swi t chgear \dtiawingWpllhh8 &ndasidy) tuePF1AKNSuAENSEH UMY R IALRY aall baD
1 and ot her devices for ensuring safety of 20personnel during
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switch, detector for neasuring the voltages and currents of the

syst em5 and garatldéeflli ve aefayontachiB-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 dlsposed 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.



[CLAIM5) 1. A vacuuminsul ated switch conprising: a vacuum contai ner;
two stationary contacts contained in said vacuum cont ai ner; t wo
novabl e contacts capabl e of contacting and separating fromthe sane;
a vacuum insul ated operating rod connected said two novabl e contacts;
an operating rod connected to said vacuum i nsul ated actuating rod via
a netal bellows; and a guide for guiding said operating rod;
wherein a structure for allow ng of f-axijg. di spl acenent of said
operating rod is provided between said guide and operating rod, said
of f-axi s di spl acement occurring when the novabl e contacts have been
turned on; and said structure for allow ng off-axis displacenent
i ncludes a small -di aneter section forned on said operating rod in
such a way as to forma gap with the internal surface of said guide.
2. The vacuuminsul ated switch described in Caim1 wherein said
operating r{@LAIMS)urt her provided with a -19- large-di aneter section
which slides with the internal surface of the guide when said novabl e
contacts are tur.ned vacoumofihsulatAd vaduvh cospkasedgswi tch
conpri si ng:
a vacuum container;
two stationary contacts contained in said vacuum
container;
two movable contacts capable of contacting and
separating from the same;
a vacuum insulated operating rod connected said two
movable contacts;
an operating rod connected to said vacuum insulated
actuating rod via a metal bellows; and
a guide for guiding said operating rod;
wherein a structure for allowing off-axis displacement
of said operating rod is provided between said guide and
operating rod, said off-axis displacement occurring when
the movable contacts have been turned on; and
said structure for allowing off-axis displacement
includes a small-diameter section formed on said operating

rod in such a way as to form a gap with the internal

surface of said guide.

2. The wvacuum insulated switch described in Claim 1

wherein said operating rod is further provided with a



a vacuum cont ai ner; two stationary contacts contained in said
vacuum cont ai ner; two novabl e contacts capable of contacting and
separating fromthe sane; a vacuum i nsul ated operating rod
connected said two novabl e contacts; an operating rod connected
to said vacuuminsul ated actuating rod via a netal bellows; a guide
for guiding said operating rod; wherein a structure for allow ng
of f-axi s di spl acement of said operating!fod is provided between said
gui de and operating rod, said off-axis displacenent occurring when
t he novabl e contacts have been turned on; and said structure for
al | owi ng of fawyd-siidinsgt] sac exeertti ors whdedt sidtded wathucheainwagrhbdt the
i nner surface of the guide fornms a gap with the operating rod, and
each of thewphste o erhealgusiviel atenasd iHowerablkeebatasusf ace ofirhbe_
guide is provided with an annul ar groove, each annul ar groove being
equi pped widrh can offithul ar el astic body so as to -20- cone in contact
with the outer. peripheral surface of the operating rod. 4. A
vacuum i nsul ated sw tchgear equi pped with the vacuuminsul ated switch
described in any one of Clainms 1 through 3.

3. A vacuum insulated switch comprising:

a vacuum container;

two stationary contacts contained in said_ vacuum
container;

two movable contacts capable of contacting and
separating from the same;

a vacuum insulated operating rod connected said two
movable contacts;

an operating rod connected te said vacuum insulated
actuating rod via a metal bellows;

a guide for guiding said operating rod:

wherein a structure for allowing off-axis displacement
of said operating rod is provided between said guide and
operating red, sald off-axis displacement occurring when
the movable contacts have been turned on; and

said structure for allowing off-axis displacement is
constructed in such a way that the inner surface of the
guide forms a gap with the operating rod, and each of the
upper internal surface and lower internal surface of the
guide is provided with zn annular groove, each annular

groove being equipped with an annular elastic body so as to



come in contact with the outer peripheral surface of the

oEerai':ing rod.

4. A vacuum insulated switchgear equipped with the

vacuum insulated switch described in any one of Claims 1

through 3.



