1 Title of the invention: Vacuum insulated switch device and vacuum insulated switchgear Field of the
invention: 5The present invention relates to a vacuum insulated switch device and a vacuum insulated
switchgear, and more particularly to a vacuum insulated switch device provided with a vacuum pressure
measuring device and a vacuum insulated switchgear having the above vacuum insulated switch device.
10 Background of the invention: ~ Vacuum insulated switch devices are ones used for conduction and
interruption of current, which are mainly used for power receiving and distribution equipments, and
vacuum 15 insufatddeswitchhealisrarentdraposiies eachi csnprsiad thei tachute visLdataddswitch device
and an earth switch device, etc. Vacuum pressure of the vacuum insulated switch devices must be
monitored becat@euHe ihasktiagaditssaheliieesitage depends on the vacuum pressure. 20Patent
document No. 1 discloses a technology for monitoring the vacuum pressure. In the technology disclosed
by patent document No. 1, there is disclosed a vacuum container made of metal wherein a pair of fixed
contact and mO[\_IF‘lBI%C%[PtaICﬁ gapn\p@ﬁme&ﬁed to a conductor is molded with a solid insulating

5 The present inventionrelates to avacuuminsul ated switch
devi ce and a vacuumi nsul at ed swi t chgear, and nore particularly
to a vacuuminsul ated switch device provided with a vacuum
pressure neasuring device and a vacuum insul ated sw tchgear
havi ng t he above vacuum i nsul ated switch device.

10
Background of the invention:

Vacuum i nsul ated switch devices are ones used for
conduction and i nterruption of current, which are mainly used
for power receiving and distribution equi pnents, and vacuum

15 insul atedsw tchgears are conposites each conprisingthevacuum
i nsul at ed swi tch devi ce and an earth swi tch devi ce, etc. Vacuum
pressure of the vacuuminsul ated switch devices nust be
nmoni t or ed because t he i nsul ati ng wi t hst andi ng vol t age depends
on the vacuum pressure.

20 Pat ent docunment No. 1 di scl oses atechnol ogy for nonitoring
t he vacuum pressure. In the technol ogy discl osed by patent
docunment No. 1, there is disclosed a vacuumcont ai ner made of
nmetal wherein a pair of fixed contact and novabl e cont act each
connected to a conductor is nolded with a solid insulating

25 material having conductive term nals, which are used to det ect



25 material having conductive terminals, which are used to detect 2 vacuum pressure by measuring a
potential generating between the terminals. JP-A 2007-080594 5 Summary of the invention:  In the
above mentioned prior art, the shape of the terminalis dots, whose area is too small for forming a
condenser between the terminals. As a result, the measured values may fluctuate thereby to lower a
precision of the monitoring. 10It is an object of the present invention to provide a vacuum insulated switch
device with an increased reliability of vacuum pressure diagnosis and a vacuum insulated switchgear
using the vacuwmawitnp rdessee. drbgraeatuachigwepbeahod apeet the piesentvimentien 15 provides a
vacuum switch device comprising a vacuum valve for closing and interrupting current in vacuum, a shield
disposed in thetictiur@halve, and a terminal for detecting vacuum pressure, which has a surface
opposed to the shleld W|th redetermined distance. 20According to another aspect of the present
invention, the 0 7-080594

5 Sunmary of the invention:
I nthe above nentionedprior art, the shape of theterm nal s
i s dots, whose areaistoosmll for form ng a condenser bet ween
the termnals. As aresult, the nmeasured val ues may fl uctuate
thereby to | ower a precision of the nonitoring.

10 I't i sanobject of the present i nventionto provideavacuum
insulated switchdevicewithanincreasedreliability of vacuum
pressure di agnosi s and a vacuumi nsul at ed swi t chgear using the
vacuum swi t ch devi ce.

I norder to achi eve t he above obj ect, the present i nvention

15 provides a vacuumswi t ch devi ce conpri sing a vacuumval ve for
closing and interrupting current in vacuum a shield di sposed
in the vacuum val ve, and a termnal for detecting vacuum
pressure, which has a surface opposed to the shield with a
predet ermi ned di st ance.

20 Accordi ng t o anot her aspect of the present invention, the
present i nventi on provi des avacuumi nsul at ed swi t chgear, whi ch
conpri ses the vacuumi nsul ated swi tch devi ce nenti oned above,
an air insulated earth and di sconnection portion.

According to the present invention, it is possible to

25 increase precision of diagnosis of vacuum pressure.



present invention provides a vacuum insulated switchgear, which comprises the vacuum insulated switch
device mentioned above, an air insulated earth and disconnection portion. According to the present
invention, it is possible to 25 increase precision of didgnosis of vacuum pressure. 3 Brief description of
drawings:  Fig. 1A shows a top plan view of a vacuum insulated switchgear of a first embodiment. 5Fig.
13 shows a vertical cross sectional view along the line II-1l of the vacuum insulated switchgear shown in
Fig. 1A. Fig. 2A shows a cross sectional view of the vacuum detecting sensor in the vacuum Insulated
switchgear shown in Fig. 1A. Fig. 23 is a top plan view of the vacuum detection sensor 10 shown in Fig.
2A.  Fig. 3 shows a circuit diagram of a vacuum pressure diagnosis device according to the present
invention. Bri ef description of draw ngs:
Fig. 1A shows a top plan view of a vacuum i nsul at ed
switchgear of a first enbodi nent.
5 Fig. 1B shows a vertical cross sectional view along the
linell-11 of the vacuumi nsul at ed swi t chgear shown i n Fig. 1A
Fig. 2Ashows a cross secti onal vi ewof t he vacuumdet ecti ng
sensor in the vacuuminsul ated switchgear shown in Fig. 1A
Fig. 2Bis a top plan view of the vacuumdet ecti on sensor
10 shown in Fig. 2A
Fig. 3 shows a circuit diagramof a vacuum pressure
di agnosi s devi ce according to the present invention.
Fig. 4 is a graph showi ng rel ationship (Paschen curve)
bet ween vacuum pressure and di scharge start voltage.
15 Fig. 5 sows an arrangenent of a vacuuminsul ated swi tch
devi ce having a vacuum pressure di agnosi s device of a second
enbodi nent .
Fig. 6 shows a vertical cross sectional view of a vacuum
i nsul ated swi tchgear of a third enbodi nent.
20
Det ai | ed description of the enbodi nents:
Inthe foll owi ng t he enbodi ments of the present invention
will be explained in detail by reference to draw ngs. The

fol | om ng enbodi ments are exanpl es, and a scope of the present

25 invention is not limted to the foll owi ng enbodi ments.



Fig. 4 is a graph showing relationship (Paschen curve) between vacuum pressure and discharge start
voltage. 15 Fig. 5 sows an arrangement of a vacuum insulated switch device having a vacuum pressure
diagnosis device of a second embodiment.  Fig. 6%hows a vertical cross sectional view of a vacuum
Insulated switchgear of a third embodiment. 20 Detailed description of the embodiments:  In the
following the embodiments of the present invention will be explained in detail by reference to drawings.
The following embodiments are examples, and a scope of the present 25 invention is not limited to the
following embodiBnéatsi e (Embodiment 1)  The first embodiment will be explained by reference to
Figs. 1 to 4. Fig. 1A shows a top plan view of the vacuum insulated switchgear of the present invention.
Fig. 13 is a vertical ERss$ i5r SdcaoRAAiERNGT the LRRigmdihalrgddywitheean et dwrindsig. 1A.

1to 4. Fig. 1A shows a top plan view of the vacuumi nsul at ed
swi tchgear of the present invention. Fig. 1Bis avertical cross
5 sectional viewof the vacuumi nsul at ed swi t chgear shown i n Fi g.
1A.
As shown in Fig. 1B, the vacuumvalve 1 (i.e. a vacuum
i nsul ated switch device) conprises a fixed side ceramc
cylinder 2, afixedsidetermnal plate 3 gas-tightly covering
10 the end of the fixed side ceram c cylinder 2, afixed conductor
4 connected to the fixed side electrode 9, an internedi ate
shi el d 5 di sposed around a fi xed si de el ectrode 9 and a novabl e
side el ectrode 15 in the vacuumval ve 1, a novabl e si de ceramic
cylinder 6, anovabl esideterm nal plate 7 gas-tightly covering
15 the end of the novable side ceranmic cylinder 6, a novable
conductor 8 penetrating the novable side termnal plate 7 to
be connected wi t ht he novabl e el ectrode 15 and ext endi ng out si de
of the vacuumvalve 1, a bellows (not shown) for noving the
novabl e conduct or together with t he novabl e el ectrode keepi ng
20 vacuum a fixed el ectrode 11 di sposed at the tip of the fixed
conductor 4, and t he novabl e el ectrode 15 opposed to t he fi xed
el ectrode 11 and di sposed at the tip of the novabl e conductor
8. The novabl e el ectrode 15 is novable i n vacuum kept by the
bel |l ows and i s abl e to contact with and separate fromthe fi xed

25 electrode 11. The fi xed conductor 4 is connected to a | oad



As shown in Fig. 13, the vacuum valve 1 (i.e. a vacuum insulated switch device) comprises a fixed side
ceramic cylinder 2, a fixed side terminal plate 3 gas-tightly covering 10 the end of the fixed side ceramic
cylinder 2, a fixed conductor 4 connected to the fixedPside electrode 9, an intermediate shield 5 disposed
around a fixed side electrode 9 and a movable side electrode 15 in the vacuum valve 1, a movable side
ceramic cylinder 6, a movable side terminal plate 7 gas-tightly covering 15 the end of the movable side
ceramic cylinder 6, a movable conductor 8 penetrating the movable side terminal plate 7 to be connected
with the movabltelestoidedgl b antlextendngviitside ofdtbanvecuad tvalvéd | abellsivge(mgt shown) for
moving the movable conductor together with the movable electrode keeping 20 vacuum, a fixed electrode
11 disposed at fRaflp ¢¥ftheafdtead coftitetdie hratheirdevaprIsietfbodes1s BR@IMA the fixed

electrode 11 and disposed at the tip of the movable conductor 8. The movable electrode 15 is movable in
vacuum kept by REBAIGRS At 1<ORbie o RBhERTSHIH HhG S BB GRIATRE G A S5 B8 rode 11, The

fixed conductorﬁiwq € gditﬂs%|°f?tq éncq@ecting condpctor 9,_Which is .connected to thelload side by
means of cables, etc. The load side conductor is covered with a solid insulation 13, and constitutes a load

connectinggpushing Jh with thadosulatanehs + pAgiaicinshiaied apitbrdiseannectienparies 25 comprises
a bushing side fixed electrode 31, which is integrally formed with a bus-bar side conductor 10 connected
to a bus-bar side, arsintegnedittefaikats@htad codamd B0 Wahich slgddestadradntgctowithdhe bushing
side fixed electrode 31, an air 10 insulated movable conductor 33, which is provided with the intermediate
air-insulated cottddt 3o R B e s ¥eak WY& (nd?P shoWif Gh efdirecloPuUst Biar’i d6wnward in Fig.
13, an earthing gir-iguated goniact 29 cispase ATl MRVER'S PPAduCipng an
intermediate fixéd electrode
contacts with the bushing side fixed electrode 31, an air
10 insul ated novabl e conductor 33, which is provided with the
i nternmedi ate ai r-insul ated contact 30 and dri ven by an oper at or
(not shown) in a direction of up-and dowmward in Fig. 1B, an
earthingair-insul ated contact 29 di sposedtotheair-insul ated
novabl e conductor 33, an internediate fixed el ectrode 34
15 electrically connected to the novabl e el ectrode of the vacuum
val ve by neans of a flexibl e conductor 22, an earth side fixed
el ectrode 32, whichis fixedtothe netal casing 28 in an earth
potential and covers the insulation 13, and an
eart h-di sconnection insulating rod 24 for transmtting a
20 driving force to the air insulated novabl e conductor 33 from
t he operator, which is connected to the air insul ated novabl e
conductor 33 at the operator side. The earth side fixed
el ectrode 32 is on the sane axis as the bushing side fixed

electrode 31 and the internediate fixed el ectrode 34.

25 The air insulated contact 30 slides with the bushing side



15 electrically connected to the movable electrode of the vacuum valve by means of a flexible conductor
22, an earth side fixed electrode 32, which is fixed to the metal casing 28 in an earth potential and covers
the insulation 13, and an earth-disconnection insulatihg rod 24 for transmitting a 20 driving force to the air
insulated movable conductor 33 from the operator, which is connected to the air insulated movable
conductor 33 at the operator side. The earth side fixed electrode 32 is on the same axis as the bushing
side fixed electrode 31 and the intermediate fixed electrode 34. 25The air insulated contact 30 slides with
the bushing sidéi &dixed etaatutie 31 and the intersadialicafixetlietectroldec34,caled3ne earth air insulated
contact 29 slides with the earth side fixed electrode 32 and the intermediate fixed electrode 34, the
intermediate aitt iRSukREHt@htact BOUAR 8k e@RfAs iR thstllagescohiditt2veberid 8bk f#ebe contact
each other. The bus-bar connecting conductor 10 is surrﬁ_unde with an insulator 13 so that a bus-bar

connecting busﬁlr?be_ S Tt Hhe ﬁ_é-Bb?f_:Bﬁ bafifg dRiLELTAe 898 the ifdifator 13.
10Closing and ppeaing.of theavaguum Yalied da CAE 48U 30 and the earth

5 air-insul ated contact 29 being able to be contact each ot her.
The bus-bar connecting conductor 10 is surrounded with an
insulator 13 so that a bus-bar connecting bushing 16 is
constituted by the bus-bar connecting conductor 16 and the
i nsul ator 13.

10 Cl osi ng and openi ng of the vacuumvalve 1 is carried out
by movi ng t he vacuumval ve insulating rod 23 and t he openi ng
and closing of the air insulated earth di sconnection portion
25is carriedout by the earth di sconnectioninsul ating rod 24.
The air i nsul at ed eart h-di sconnection portion 25 i s capabl e of

15 being taking three positions, i.e. close, disconnection and
earth positions.

In this enbodi nent, as shown in Fig. 1B and Fi gs. 2A, 2B,
t he vacuumval ve i s provi ded with a vacuumdetecti on term nal
12 for vacuumpressure di agnosi s, wherein the vacuumdet ecti on

20 termnal 12is providedwithapotential detectiontermnal 18,
which i s connected to a diagnosis circuit shown in Fig. 3 for
detecting a potential of the vacuumcontai ner. As shownin Fig.
1A, the vacuumdetectionterm nal 12 and t he detection term nal
detector 18 are nolded with aninsulatingresin 13. The vacuum

25 detection termnal 12 and the conductive coating 14 are



by moving the vacuum valve insulating rod 23 and the opening and closing of the air insulated earth
disconnection portion 25 is carried out by the earth disconnection insulating rod 24. The air insulated
earth-disconnection portion 25 is capable of 15 beind taking three positions, i.e. close, disconnection and
earth positions. In this embodiment, as shown in Fig. 13 and Figs. 2A, 23, the vacuum valve is
provided with a vacuum detection terminal 12 for vacuum pressure diagnosis, wherein the vacuum
detection 20 terminal 12 is provided with a potential detection terminal 18, which is connected to a
diagnosis circuiélshown inaFigy 3ifeodatextinga podential afithesactiom aontainer. As shown in Fig. 1A,
the vacuum detection terminal 12 and the detection terminal detector 18 are molded with an insulating
resin 13. The vacuum/s5 He@¥tiom t&frfiinat. 12 BAdthesEoHRIcthR0Eesirfy AU drel 7 dRdtscally isolated to
avoid a direct contact. s.shown in Fig. 3, the pressu%aatﬂia%r{\osis.circuét 19 is connected with the

detection termir‘fé’lr}ﬂﬁghﬁ IWe{&ltofi’el_Q%\tt ﬁgtdn@etrﬂ, & Heis 2 B8HRGS SHertBitrhe diagnosis 5
circuit cComprisgs a andenser gﬁcﬁ?K'Q%?rf%ﬁt'f:sc%?]agﬁ?%epcgtcé%’t"?‘ é(P!trﬁﬂt@r??%éﬁo@fa@SU”ng a

potential Vout betweenthe both terminals of the condenser, a judging circuit 21 for judging if the vacuum

pressure insthe ¥aegun ceptaiResiSsWENEbAdEBE rapgravi M- 40ihe vacuupdetestiea terminal 12 is
connected to the condenser 26, which is grounded at one terminal, and the voltmeter 20 detects a

potential VO genér&inggay bbthregreninals fod theesonde nepra2poTaetjudying citeeitv@&ke oongares the
detected potential \Tout with a predetermined value. If the
both term nals of the condenser, a judging circuit 21 for
judgingif the vacuumpressureinthe vacuumcontainer i swthin
a nornal range or not.

10 The vacuum detection terminal 12 is connected to the
condenser 26, which is grounded at one term nal, and the
voltnmeter 20 detects a potential Vo generating at both
term nal s of the condenser 26. The judging circuit 21 conpares
t he detected potential Vo With a predeterm ned value. |If the

15 detected potential exceeds the predeterm ned val ue, the vacuum
pressure i s judged as bei ng abnormal, and if the potential Vou
does not exceeds t he predeterm ned val ue, the vacuumpressure
i s judged as being normal .

Acondenser is fornmed bet ween t he vacuumdet ecti on t er m nal

20 12 and the internmediate shield 5 having a static capacity of
Ci.. Inorder tosecureanareafor generatingthestatic capacity
C, between t he vacuumdet ectionterm nal 12 and the i nt er nedi ate
shield5, the vacuumdetectionterm nal 12 has such a shape t hat

it has al nost the same center of thecircle of theinternmedi ate

25 shield 5 and it covers at | east a part of the outer periphery



15 detected potential exceeds the predetermined value, the vacuum pressure is judged as being
abnormal, and if the potential \Tout does not exceeds the predetermined value, the vacuum pressure is
judged as being normal. A condenser is formed betw®en the vacuum detection terminal 20 12 and the
intermediate shield 5 having a static capacity of C1. In order to secure an area for generating the static
capacity C1 between the vacuum detection terminal 12 and the intermediate shield 5, the vacuum
detection terminal 12 has such a shape that it has almost the same center of the circle of the intermediate
25 shield 5 anddt advelisratdeastia paat siitke dBte hperplyery 8 of the iateuhediEte shigicea thereby to
secure a sufficient area so that static capacity between the terminal 12 and the intermediate shield 5.The
vacuum detectidf tehAnat 12t h&s afRBsH the Seheatshienef R Birdlal ahd @Ndasthg part of 5 the outer
periphery of the intermediate shield 5 ia covered with the measuring terminal 12 sq that a distance

between the intb%ﬁﬁf_ﬁ?@s"?ﬁ@lq%bﬁb ha mB&sYATY ¢& iﬁ%\?%b_ %e%eélmd]ﬁ cottalit Since the
distance betwegp fae intgrmedigte Sigld.p afd ihevacpumdetgegon;teaingl 12 fapbe,the minimum, a

5 theouter peripheryof theinternedi ateshield5iscoveredwth
the measuring termnal 12 so that a di stance between the
i nternmedi ate shield5 andthe neasuringterm nal becones al nost
constant. Since the di stance between the internediate shield
5 and the vacuum detection term nal 12 can be the mnimum a

10  honpbgeneous electric field can be formed between the
internmediate shield 5 and the term nal 12.

The vacuumdet ection term nal 12 and t he vol t age det ecti on
term nal 18 shoul d be made of nmetal s with good workability such
as brass or alum num for shaping a netal nold.

15 The vacuumdetection term nal 12 and t he vol t age det ect or
18 for the termnal are electrically connected. In this
enbodi ment, they are unitedly forned with a netal naterial.
Al t hough the vacuum detection termnal 12 is nolded with
i nsul ator 13, the voltage detector 18 of theterm nal i s exposed

20 and connected with an outsi de pressure di agnosi s devi ce shown
in Fig. 3. Innolding the vacuumdetection termnal 12, it is
fixed to a nold in advance, and after nolding the term nal 12
and nol ding are separated fromthe nold to thereby realize a
nol di ng thereof at a precise |ocation. Though the detection

25 termnal 18 for the neasuring term nal 12 i s exposed, exposure



10 homogeneous electric field can be formed between the intermediate shield 5 and the terminal 12.

The vacuum detection terminal 12 and the voltage detection terminal 18 should be made of metals with
good workability such as brass or aluminum for shaphg a metal mold. 15The vacuum detection terminal
12 and the voltage detector 18 for the terminal are electrically connected. In this embodiment, they are
unitedly formed with a metal material. Although the vacuum detection terminal 12 is molded with insulator
13, the voltage detector 18 of the terminal is exposed 20 and connected with an outside pressure
diagnosis devicesshmwn ¢3 §émt3.dh rmolding tlee vangumrhdetsstipagermirredtld, st istfixed to a mold in
advance, and after molding the terminal 12 and molding are separated from the mold to thereby realize a
molding thereofigt & préise RcAtiBA! THRYIUE thiel daedtion b9 kererRPI8dorvherfiasufifg terminal 12
is exposed, exposure 9 is not é(?Ifsential ?féor detectli;%gI the voltage. Hat,is, the detection terminal may be

molded not to bt B d, SHMekh Bfe ErATihAl SROLM (50 BRSHiEQ LS QB AR THE Bressure

diagnosis circug, 1he 9lfing p1 themaasAR PHA! 12,2 e nshiator gL espgntial for the

present invention. ~ Next, diagnosis of the vacuum pressure will be explained. Since the vacuum

detection teyming 12andbel intesmediatR shiald eonstitity theyeopeensar haMingna istatic capacity of Ci,
which is connected in series with the condenser 26 of the 10 diagnosis circuit 19, the potential Vout
between the both entiexif thdi caytiesiserdl6 deperatsioma pessntiad appliedto exelcandedser C.
Discharge characteristics is expressed by the Paschen curve shown in Fig. 4, which shows a relationship
between pressiie&fd HRENLRGE A CbRaGECRH d giskam@ 12 and the internediate

shield 5 constitute the condenser having a static capacity of
Ci, which is connected in series with the condenser 26 of the

10 diagnosis circuit 19, the potential V,: between the both ends
of the condenser 26 depends on a potential applied to the
condenser C;. Discharge characteristics is expressed by the
Paschen curve shown in Fig. 4, which shows a rel ationship
bet ween pressure and di scharge start voltage. If a distance

15 between a nai n conduct di sposed withintheintermnedi ate shield
5 and the detection termnal 12 is constant, di scharge occurs
betweenthemaincircuit andinternedi ateshield5if apressure
in the vacuumcont ai ner reaches a certain value to generate a
voltage V1 at the internediate shield 5. If G and G are

20 previously detected, it is possibleto calculatethe potenti al
V. of the internediate shield 5 fromthe potential Vo, between
t he bot h ends of the condenser 26. As aresult, it is possible
to di agnose if the vacuumpressure is normal or not fromthe
cal cul ated potential or a variants dependent on the potenti al

25 such as Vy.



15 between amain conduct disposed within the intermediate shield 5 and the detection terminal 12 is
constant, discharge occurs between the main circuit and intermediate shield 5 if a pressure in the vacuum
container reaches a certain value to generate a voltdfe V1 at the intermediate shield 5. If Ci and Co are
20 previously detected, it is possible to calculate the potential V1 of the intermediate shield 5 from the
potential %put between the both ends of the condenser 26. As a result, it is possible to diagnose if the
vacuum pressure is normal or not from the calculated potential or a variants dependent on the potential
25such as VOut. 10 Thdhst static cappaitytGi Etvies méemvabeuvadetectidetteoninah 12 and the
intermediate shield 5 can be determined if shapes of the measuring terminal 12 and the intermediate
shield 5 and thé eisthné betwsth the rhehstnkgitatrirtdli1gl 8nd grNSbAtEehediate eliélt 5 are set in
advance. Thus the static ca%‘aézéi%Ci between the vacuum detection terminal 12 and the Lrgermediate

shield 5 is impot3HR ¢S Hia WAALRPpRR .rel,%'ﬁé‘ _Itoh]g, ftlrl‘é %ﬂféﬁbfﬂ&%%lése 0t deviates from
the present valye 130, L0jne aifput BQ&I%%AT?%%% qui' ‘iid {%PmMF'OT? I, "Afg of the static

capacity Cl between the vacuum detection terminal 12 and the intermediate shield 5 to a total of Cl plus
capacitor GO of theceprRegRI® 26 andithe autb Moltageda expeessedhas foliws: piTout = V1 X Ci/

(Ci+Co) The values of Cl and CO are set in advance so that the \Tout should fall within a detection
range of the presmaeidizggtasiztiaries. That i cinee det St and Ciearel craistadtsaioe Modtage V1
intermediate shield 5 is inportant for diagnose the vacuum
pressure, Therefore, the val ue of C, does not devi ates fromthe
present val ue range.

10 The output voltage Vo iS determined is proportional to
aratioof the static capacity Cl between the vacuumdet ecti on
termnal 12 andthe internediate shield 5to atotal of Cl plus
capaci tor CO of the condenser 26, and the output voltage is
expressed as foll ows.

15 Vour = Vi XGCif (C+Co)

The val ues of Cl and CO are set in advance so that the Vyu
should fall within a detection range of the pressure di agnosi s
devi ce.

That is, since the G and C, are constants, the voltage V1

20 of theinternedi ate shield 4 can be cal cul at ed by neasuring t he
Vout- Since the voltage V1 varies dependi ng on the pressure in
t he vacuum val ve 1, and since the pressure increases when
sonet hi ng abnormal happens in the vacuum pressure, it is
possi bl e t o di agnose soundness of the vacuum pressure of the

25 vacuumsw tch devi ce based on the V; or V,, val ues because an



20 of the intermediate shield 4 can be calculated by measuring the Vout Since the voltage V1 varies
depending on the pressure in the vacuum valve 1, and since the pressure increases when something
abnormal happens in the vacuum pressure, it is possible to diagnose soundness of the vacuum pressure
of the 25 vacuum switch device based on the V1 or \Tout values because an 11 abnormal vacuum
pressure increases when discharge takes place.  In this embodiment, the center of the vacuum
detection terminal 12 and the intermediate shield 5 are almost the same, and at least a part of the outer
periphery of theaimtemnadliatacuahigides ssucevered easesnivically ndibhthegaeak g tereinal 12 so that a
portion with a minimum distance between the measuring terminal 12 and the intermediate shield 5 can be
formed, and the statititdpaiciy eDitestdEParies EuGest &incd atifue a¢ tnseifticeedpadity can be
changed freely b chan@qin 10 an a#ea,of the vacuum detectLlod1 terminal 12 oppased to the intermediate
p n

shield 5. As a ré&UIMA g% bfhé UhELTRH AL R GAGnd <t faldRes. 118 5658ble to freely
o BB o BINR SR e beu [l WO Stetaed Th ARl i hressure

diagnosis device. 15(0030 er, in this em ent, Since'the intermediate shi has a
cylindrical formdmicgingide withthe vactuAt ¥alvei baheyvagyuwm fetaetieniteraynadla s a cylindrical
form. If a portion having a face where the opposing minimum distance 20 between the intermediate shield
and the vacuuni 2esectidratermipalr isiapprokintat@y'constamt 8 &iravert dedvmeenséms formed between
the opposing faces. The capacity Ci hardly changes and the static capacity values can be freely changed

by altering the &FES3IhG 18cé rdhd B 5\hhettel iffernid GafPehRIE aRbitRE et ut@R defection

formed, andthe static capacity C hardly varies. Further, since
a val ue of the static capacity can be changed freely by changi ng

10 an area of the vacuum detection termnal 12 opposed to the
internediate shield5. As aresult, the precisionof the vacuum
pressure di agnosi s increases. It is possible to freely design
the static capacity value so that the Vo, value falls within
a detection range of the pressure diagnhosis device.

15 (0030)

Further, inthis enbodi ment, sincetheinternediate shield

5 has a cylindrical formin coincide wth the vacuumval ve 1,
t he vacuumdetection term nal 12 has a cylindrical form If a
portion having a face where the opposi ng m ni nrum di st ance

20 between the internedi ate shield and the vacuum detection
termnal is approxi mtely constant is formed, a condenser is
formed between the opposing faces. The capacity C hardly
changes and the static capacity values can be freely changed
by altering the opposing face areas.

25 When the internedi ate shield and the vacuum det ecti on



12 terminal have an analogous form at least part thereof so that the opposing distance is constant, and
that the static capacitor Ci hardly changes. In this case, the static capacitance of the condenser formed
between the opposing faces is more stable than 5 the case where the intermediate shield and the vacuum
detection terminal are no SOUJIKEI, which have a constant distance therebetween.  Among the cases
where at least parts of the intermediate shield and the vacuum detection terminal are analogous and the
10 minimum opposing distance is constant, the intermediate shield 5 is a cylindrical and the vacuum
detection terminarhrastie bawe aanterabdfog cusld, aamers lasasenparad thhalewvhte art akctric field
concentration. Although the intermediate shield 5 in this embodiment is 15 an arc shield for
preventing arc frBf GEe§ imeshtatenfh tfeGReSiading, comsbehastihderghed be SHers hay be employed.

(Embodiment 2 Embodiment 2 will be explained by reference.to Fig. 5. In this empodiment, three of
the vaouum st LEs A 0TEIGh A SR 15 e AL AR A Erlodd Simce cach o

the vacuum swich dexices S,plizaryceianealaialled despaeten wikbe o fof sippification. In
this embodiment, each of the switc (fewce IS provi
5 the case wheretheinternedi ate shieldandthe vacuumdet ecti on
term nal are no SOUJIKElI, which have a constant distance
t her ebet ween.
Anong t he cases where at |east parts of the internedi ate
shi el d and t he vacuumdet ecti on term nal are anal ogous and t he
10  m ni rumopposi ng di stance i s constant, theinternedi ate shield
5is acylindrical and the vacuumdetection term nal has the
same center of a circle, corners are renoved to alleviate an
electric field concentration.
Al t hough the internediate shield 5 in this enbodi nment is
15 an arc shieldfor preventing arc frombeingincontact withthe
i nsulating cylinder, other types of shields nmay be enpl oyed.
(Embodi nent 2)
Enbodi ment 2 wil | be expl ained by reference to Fig. 5. In
this enbodi nent, three of the vacuum swi tch devi ces shown in
20 Figs. 1A and 1B are assenbl ed for three phases. Since each of
t he vacuum swi tch devices is al ready expl ai ned, detailed
description will be omtted for sinplification.
In this enbodi ment, each of the switch device is provided
Wi th avacuumdet ectionterm nal 12 surroundi ng ani nternedi ate

25 shield 12 and three of voltage detection termnals 18 to which



with a vacuum detection terminal 12 surrounding an intermediate 25 shield 12 and three of voltage
detection terminals 18 to which 13 potentials of the terminals 12 are synthesized at the connection point
27, a synthesized voltage of which is connected to akide of the voltage diagnosis device 19 opposite to an
earthing side thereof. Accordingly, a detected voltage V"t is a voltage 5 proportional to the synthesized
voltage generated at the measuring terminals for three phases.  According to explanation about the
embodiment 1 shown in Figs. 1A and 13, soundness of vacuum pressure of each of the vacuum switches
is diagnosed, bpbaguateatial oidubed to thenh0 snterares e sheald 28 dahigheas airoed 4084 the voltage of
the main circuit, which is higher than that of conventional value. In addition, since voltages varies in
accordance witR&t&uL6f cRrfABt@% e olheasstatitithepld ® vanas Gy fowef@n S/N ratio.
15Itis possibleé? monitor a vacuéam leak of the vacuum container by issuing signals whgwga vacuum

degree is norm&, i ﬁa\f?é Lage Sh WS SRty DOARLSH Ry AL MSALEnd imbalance
among the threte Qg%ér{ﬂj@ al g, Clél(l%gh %@cggpgf;@% orl?r Iltay \}%ng éj g the potentials
n ta e S

20 in the abnormal state and norma eac e static capacities s uId be adjusted, and it is not
always set £0 b the mormahsy bena zerosgind pespraalitobeingede)daie ipayzero. dpshis embodiment,

the signals for three phases are 25 synthesized and input into the diagnosis device 19. However,
nmeasuring termnals for three phases.
Accordi ng to expl anation about the enmbodi nent 1 shown in
Figs. 1A and 1B, soundness of vacuum pressure of each of the
vacuum swi tches i s diagnosed, but a potential induced to the

10 internediate shieldis as high as about 40%t he vol t age of the
mai n circuit, whichis higher than that of conventional val ue.
In addi tion, since voltages varies in accordance with status
of contacts (on or off), the potential tends to vary to thereby
lower an S/Nratio.

15 It is possible to nonitor a vacuum | eak of the vacuum
cont ai ner by issuing signals when a vacuum degree i s nornal,
signal is zero, and when abnormality occurs in any of the three
phases and i nbal ance anong t he t hree phases occurs, the signal
i sissuedindicatingthe abnormality. Regardi ng the potential s

20 in the abnormal state and nornmal state, each of the static
capaci ties should be adjusted, and it is not al ways set to be
the normality being zero and abnormality being deviate from
zero.

In this enbodi ment, the signals for three phases are

25 synthesized and input into the di agnosis device 19. However,



14 the connection points may be two or more to synthesize potentials stepwise. It is not restrict to
synthesize all of the three potentials. In order to inspect if the vacuum detection terminal 12 5 works
normally, an AC withstanding potential test, which isl& routine test before shipment is utilized. In this test,
the vacuum detection terminal 12 generates a signal when the synthesized voltage of the three phases
becomes imbalance, and accordingly it is possible to see if the terminal 12 works 10 normally when the
AC voltage application test of each phase is conducted. Although the inspection of the vacuum pressure
terminal 12 and the AGnvatageowithstandingdgstdeavterbeen comdelcted sgpataielyz ¢he above mentioned
method can conduct the inspection of the vacuum detection terminal 12 and the AC 15 voltage
withstanding te SOSieililizfH DUl E B e by treldticetther @ginbiet of t&ssivéYhBesid shattbnahe testing time
before shipment of the switchgear. éE bodiment 3) Embodiment 3 will be explained by reference to Fig.
6. In 20 Fig. 6, &@thﬁéeﬁoﬁ&ﬁ@ famg'vacuum switch device will be explained. Explanations of other

points are omitted fof girgpliigation beggyiss ey ietneamm arinasg gfoter gmitedipents. In
this embodiment, the disconnection distance between the 25 intermediate air insulated contact 30 of the
air insulateg eafbr ks nornal Iy, an AC wit hst andi ng potential test, whichis a
routine test before shipnment is utilized. In this test, the
vacuum detection term nal 12 generates a signal when the
synt hesi zed vol t age of the t hree phases becones i nbal ance, and
accordingly it is possible to see if the term nal 12 works
10 normal ly when the AC vol t age application test of each phase is
conducted. Although the inspection of the vacuum pressure
termnal 12 and the AC voltage w thstandi ng test have been
conduct ed separately, the above nentioned nmet hod can conduct
t he i nspection of the vacuumdetection termnal 12 and the AC
15 voltage wit hstandi ng test sinul taneously to thereby reducethe
nunber of test itens and shorten the testing tine before
shi pnent of the sw tchgear.
(Enbodi nent 3)
Enbodi ment 3 will be expl ained by reference to Fig. 6. In
20 Fig. 6, disconnection state of the vacuumswi tch device will
be expl ai ned. Expl anations of other points are omtted for
simplification because they are the sane as those of other
enbodi nment s.
I nthis enbodi ment, the di sconnection di stance betweenthe

25 internediateair insulatedcontact 30of theair insulatedearth



15 disconnection portion 25 and the bushing fixed electrode 31 is made larger than that between the air
insulated earth contact 29 of the air insulated earth disconnection portion 25 and the earth side fixed
electrode 3. The contact at the vacuum valve 5 1 side@is positioned at disconnection thereby to enhance
the disconnection state. The earth side fixed electrode 32 is connected to the metal casing 28, which is in
the ground potential, as explained in embodiment 1. According to the above mentioned structures, even if
10 abnormal state such as thunderbolt happens at the load side, the abnormality does not propagate to
the bus-bar sidéits ¢acreaseirehapdity besaszBeatite taeuhun viahee fli isqabsitioned adé¢hgldisconnection.
Even if a vacuum leak takes place and if the disconnection 15 state of the vacuum valve is broken so that
the contacts aréedAduRtdethéfdy ARabishEgbieRtaiof thaSeARERIE RRAPHIES TS A air insulated

movable conductor 33, the intermediate air insulated.contact 30 of the air insulated movable conductor 33
el bushing STl B Ao PG o8 AR COMAS G BoRILLL SHoAR L tmonn tho

intermediate aicigspjater fontach A0 dhe Alinsulatar eanty dscoanerianarign 3 apd the bushing

side fixed electrode 31 is larger than that between the earth air insulated contact 29 of the air insulated
earth discogneqtiayi gertien gosand Hired5usliing site fkedelesispdd Bl AvaiaRLl, theeair insulated

0 di sconnection state. The earth side fixed electrode 32 is
connected to the netal casing 28, which is in the ground
potential, as explained in enbodi nent 1.

According to the above nentioned structures, even if
10 abnormal state such as thunderbolt happens at the | oad side,
t he abnormality does not propagate to the bus-bar side to
increase reliability because the vacuumval ve 1 is positioned
at the di sconnecti on.
Evenif a vacuuml eak t akes pl ace and i f the di sconnecti on
15 state of the vacuumval ve i s broken so that the contacts are
conducted thereby an abnormal potential of the | oad side is
applied to the air insulated novabl e conductor 33, the
internmediate air insulated contact 30 of the air insulated
novabl e conduct or 33 and bushi ng si de fi xed el ectrode 31 do not
20 become conducti ve because t he di st ance betweent heinternedi ate
air insulated contact 30 of the air insulated earth
di sconnecti on portion 25 and t he bushing side fixed el ectrode
3l is larger than that between the earth air insul ated cont act
29 of the air insul ated earth di sconnection portion 25 and t he

25 bushing side fixedelectrode 31. Asaresult, the air insul ated



earth contact 29 of the air insulated movable conductor 33 and earth side fixed electrode 32 become
conductive, without the intermediate air insulated contact 30 of the air insulated movable conductor 33
and the bushing side fixed electrode 31 5 becoming ¥onductive. Accordingly, it is possible to make
preferentially earthing without propagating abnormality to the bus-bar side.  Since propagation of the
abnormality to the bus-bar side may further propagate to other circuits, abnormality of one of 10 the circuit
at the load side may propagate. Therefore, the reliability of the electric power system is increased by
forming prefereatial @acthingstruzued withoali propagdtatgetherabablmation tutheobud3bandide. The above
embodiment is not limited to the vacuum devices 15 provided with a vacuum diagnosis means, but may

be utilized for sAchBsdrdgvitthgshe 0aiciode Sct BRgPTeeoRtdHih ipréssite. Faferéf€e numerals 1;

vacuum valve, 2; fixed side ceramic cylinder, 3; fixed 20 side terminal plate, 4;. fixe(i conductor, 5;

intermediate shidlHe6HEVADIE Qe P ESfh d@N Y2 Rlovihi®idd ferlihal PRYe 3 Sfovable
conductor, 9; logd capne _%%'?%Tm% %‘g;dbyﬁ-gagmqiq:itiggoceoqqg@gr,&%éﬁe&d@eﬁrode, 12

vacuum detection termlng%, insulator, 14; electro-conductive coating, 16; 25 bus-bar connecting
bushing, 1% loaskeennagtindRYSBINAd8; Accordingly, it is possible to nake
preferentiallyearthingwthout propagatingabnornmalitytothe
bus-bar side.
Si nce propagation of the abnormality to the bus-bar side
may further propagate to other circuits, abnormality of one of
10 the circuit at the |oad side may propagate. Therefore, the
reliabilityof theelectric power systemisincreasedbyformng
preferential earthing structure w thout propagating the
abnormality to the bus-bar side.
The above enbodi ment is not limted to the vacuumdevi ces

15 provided wi th a vacuumdi agnosi s nmeans, but nay be utilized for

swi tches or swi tchgears, whi ch do not di agnose vacuumpr essur e.

Ref erence nuneral s
1; vacuumval ve, 2; fixed side ceram c cylinder, 3; fixed
20 sidetermnal plate, 4; fixedconductor, 5; internediate shield,
6; novabl e si de ceram c cyli nder, 7; novabl e si de term nal pl ate,
8; npvabl e conduct or, 9; | oad connecti on conductor, 10; bus- bar
connecti ng conductor, 11; fi xedel ectrode, 12; vacuumdet ecti on
termnal, 13; insulator, 14; electro-conductive coating, 16;

25 bus-bar connecting bushing, 17; |oad connecting bushing, 18;



17 potential detection portion of the vacuum detection terminal, 19; vacuum pressure diagnosis device,
20; voltmeter, 21; judging circuit, 22; flexible conductor, 23; vacuum valve insulating rod, 24; earth
disconnection insulating rod, 25; 5 air-insulated earthisconnector, 26; condenser, 27; connecting point,
28; metal casing, 29; air-insulated earth contact, 30; intermediate air insulated contact, 31; bushing side
fixed electrode, 32; earth side fixed electrode, 33; air insulated movable conductor, 34; intermediate fixed
electrode 10 15 20 18 Claims: 1. A vacuum switch device comprising a vacuum valve for closing and
interrupting curpestténtviaalute} @ shiald gispose infthencaoacmuraltet antisoviaceum datection terminal

having a face
19; vacuum pressure diagnosis device, 20; voltneter, 21;
judging circuit, 22; flexible conductor, 23; vacuum val ve
insulating rod, 24; earth disconnection insulating rod, 25;
5 air-insulated earth di sconnector, 26; condenser, 27;

connecting point, 28; metal casing, 29; air-insulated earth
contact, 30; internediate air insulated contact, 31; bushing
side fixed el ectrode, 32; earth side fixed el ectrode, 33; air

i nsul at ed novabl e conductor, 34; internedi ate fi xed el ectrode

10

15

20

25



5 having a constant minimum distance with an opposed face of the shield. 2. The vacuum switch device
according to claim 1, wherein the shield and the vacuum detection terminal have an analogous 10 portion
at least a part thereof, and a distance between the shield and the vacuum detection terminal is constant
at the analogous portion. 3. The vacuum switch device according to claim 2, the shield 15 is cylindrical,
and the vacuum detection terminal has approximately the same center as the shield, where the vacuum
detection terminal has a shape surrounding at least a part of the shield. 20 4. The vacuum switch device
according to an@l anarsf claims 1 to 3, wherein a potential applied to the vacuum detection terminal is a
synthesized potential of potentials of different phases. 19 potential applied to the vacuum detection
terminal is a syAthe AL poIBSHAItSThIIeR Ifase8Pr i6SiNgaz @suslineAb¥ar nfdrisshd the vacuum
switch device 5 ac(ﬁordl eg{to am(]one of claims 1 to 5, and an air ins atlgn earth(éic:scon ection part. 7.

The vacuum switthdear HdciPhihg %o AT wﬁbr‘éﬁ?ﬂ‘r%ﬂn%ﬂb? LR WSSO AL iBh portion
comprises a m@vﬁmﬁgﬂ%‘?r\‘%“d%oa% g@ﬂﬁﬂ{a&%ﬁg&%ﬁq BPehaTLRIr iy 'ﬂflidae?‘gl?b gontact each

disposed to the movable conductor, a Ing side fixed electrode connected to the bus-bar bushing, and

a an earth gide fixgdRjegtisiestnaan eartied rrderialibat wontaeis wipoywd sepasatss fiipen the air
insulated earth contact,
shi el d.

2. The vacuumswi t ch devi ce according to claiml, wherein the

shield and the vacuum detection term nal have an anal ogous
10 portion at least a part thereof, and a di stance between the

shield and the vacuum detection termnal is constant at the

anal ogous portion.

3. The vacuumswi tch device according to claim2, the shield
15 is cylindrical, and the vacuum detection term nal has

approxi mately the sane center as the shield, where the vacuum

detection term nal has a shape surrounding at | east a part of

t he shi el d.

20 4. The vacuumswi tch devi ce according to any one of clains 1
to 3, wherein a potential applied to the vacuum detecti on
termnal is asynthesized potential of potentials of different

phases.

25 5. The vacuumswi tch device according to claim4, wherein the



15 where a distance between the intermediate air contact and the bushing side fixed electrode is larger

than a distance between the air insulated earth contact and the earth side fixed electrode. 20
19

potential applied to the vacuum detection ternminal is a

synt hesi zed potential of three phases.

6. A vacuum sw t chgear conprising the vacuum swi tch device
5 accordingtoanyoneof clains1to5, andanair insul ation-earth

di sconnection part.

7. The vacuumswi t chgear according to claim6, whereinthe air
i nsul ation earth di sconnection portion conprises a novable
10 conductor, an internediate air contact and an air insul ated
earth contact each di sposed to t he novabl e conduct or, a bushi ng
side fixed el ectrode connected to the bus-bar bushing, and a
an earth side fixed electrode in an earthed potential that
contacts wi th and separates fromthe air i nsul at ed eart h cont act,
15 where a distance between the intermedi ate air contact and the
bushi ng side fi xed el ectrode i s | arger than a di stance bet ween
the air insulated earth contact and the earth side fixed

el ectr ode.

20

25



