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Title of the invention: Vacuuminsul ated switch device and

vacuum i nsul at ed swi t chgear

Field of the invention:

The present inventionrel ates to a vacuuminsul ated sw tch
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.

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
i nsul at ed swi t chgear s are conposi t es each conpri si ngthe vacuum
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.

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

mat eri al havi ng conductive term nals, which are used to det ect
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vacuumpr essur e by neasuring a potenti al generating bet weenthe
termnal s.

JP-A 2007-080594

Summary 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.

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
provi des a vacuumswi tch devi ce conpri sing a vacuumval ve for
closing and interrupting current in vacuum a shield di sposed
in the vacuum valve, and a termnal for detecting vacuum
pressure, which has a surface opposed to the shield with a
predet ermi ned di st ance.

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

i ncrease precision of diagnosis of vacuum pressure.
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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.

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
shown in Fig. 2A

Fig. 3 shows a circuit diagram of 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.

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.

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

invention is not limted to the foll ow ng enbodi nents.
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(Enbodi nment 1)

The first enbodi ment wi | | be expl ai ned by referenceto Figs.
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
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
t he 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
the end of the novable side ceramic 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
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

el ectrode 11. The fixed conductor 4 is connected to a | oad
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connecti ng conductor 9, which is connected to the | oad si de by
nmeans of cables, etc. The | oad side conductor is covered with
asolidinsulation 13, andconstitutes al oad connecti ng bushing
17 with the insulation 13.

An air insul ated earth-di sconnection portion 25 conpri ses
a bushing side fixed el ectrode 31, whichis integrally forned
wi th a bus-bar side conductor 10 connected to a bus-bar side,
an internmediate air-insulated contact 30, which slides and
contacts with the bushing side fixed electrode 31, an air
i nsul at ed 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
el ectrically 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
driving force to the air insul ated 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
el ectrode 31 and the internediate fixed el ectrode 34.

The air insulated contact 30 slides with the bushing side
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fixed el ectrode 31 andthe internediate fi xed el ectrode 34, and
the earth air insulated contact 29 slides with the earth side
fixed el ectrode 32 andthe internedi ate fi xed el ectrode 34, the
intermediate air insulated contact 30 and the earth
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.

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
bei ng 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
termnal 12is providedwi thapotential 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

detection termnal 12 and the conductive coating 14 are
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electrically isolated to avoid a direct contact.

As shown in Fig. 3, the pressure diagnosis circuit 19is
connected with the detectionterm nal potential detector 18 at
its one end, and the other is an earth potenti al. The di agnosi s
circuit conprises a condenser 26 having a static capacitance
of G, avoltmeter 20 for nmeasuring a potential Vy. between the
both term nals of the condenser, a judging circuit 21 for
judgingif the vacuumpressureinthe vacuumcontainer i swthin
a normal range or not.

The vacuum detection termnal 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
det ect ed pot enti al exceeds t he predet erm ned val ue, t he 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 i s fornmed betweent he vacuumdet ecti on t er m nal
12 and the internediate 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 sane center of thecircle of theinternediate

shield 5 and it covers at | east a part of the outer periphery
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of theinternedi ate shield5therebytosecureasufficient area
so that static capacity between the termnal 12 and the

i nternedi ate shield 5. The vacuum detection term nal 12 has
al nost the same center of the circle, and at | east a part of
t he outer periphery of theinternmediateshield5iscoveredwth
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
honbgeneous 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.

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
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

termnal 18 for the measuring term nal 12 is exposed, exposure
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is not essential for detecting the voltage. That is, the
detection term nal may be nol ded not to be exposed, whereinthe
term nal should be electrically connected with the pressure
di agnosi s circuit 19. The nol di ng of the measuring term nal 12
in the insulator is not essential for the present invention.
Next, di agnosis of the vacuumpressure will be expl ai ned.
Since the vacuum detection term nal 12 and the intermedi ate
shield 5 constitute the condenser having a static capacity of
Ci, which is connected in series with the condenser 26 of the
di agnosis circuit 19, the potential Vo 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
bet ween a mai n conduct di sposed withinthe internedi 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 C and G are
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 diagnose if the vacuumpressure is normal or not fromthe
cal cul ated potential or a variants dependent on the potenti al

such as Vy.
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The static capacity C, between the vacuum detection
termnal 12 and the internediate shield 5 can be determned i f
shapes of the neasuringterm nal 12 and the internedi ate shield
5 and the di stance between the neasuring term nal 12 and the
internmediate shield 5 are set in advance. Thus the static
capacity C; between the vacuumdetection termnal 12 and the
intermediate shield 5 is inmportant for diagnose the vacuum
pressure, Therefore, the val ue of C, does not devi ates fromthe
present val ue range.

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.

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
of the internedi 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

vacuum swi t ch devi ce based on the V; or Vo val ues because an
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abnormal vacuumpressure i ncreases when di schar ge t akes pl ace.

In this enbodi ment, the center of the vacuum detection
term nal 12 and the internedi ate shield 5 are al nost t he sane,
and at | east a part of the outer periphery of the internedi ate
shield 5is covered concentrically with the neasuring term na
12 so that a portion with a m ninum di stance between the
nmeasuring termnal 12 and the internediate shield 5 can be
formed, andthe static capacity C hardly varies. Further, since
a val ue of the static capacity can be changed freely by changi ng
an area of the vacuum detection term nal 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.
(0030)

Further, inthis enbodi nent, sincetheinternedi ate 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
bet ween 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.

When the internedi ate shield and the vacuum det ecti on
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term nal have an anal ogous format | east part thereof so that
t he opposi ng di stancei s constant, andthat t he static capacitor
C. hardly changes. In this case, the static capacitance of the
condenser fornmed bet ween t he opposi ng faces i s nore stabl e than
t he case where the i nternedi at e shi el d and t he vacuumdet ecti on
termnal are no SOUJI KElI, 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
m ni mrumopposi 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
an arc shield for 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
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

shield 12 and three of voltage detectiontermnals 18 to which
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potential sof theterm nals 12 are synt hesi zed at t he connecti on
poi nt 27, a synt hesi zed vol t age of whichis connected to a side
of the vol t age di agnosi s devi ce 19 opposite to an eart hi ng si de
t hereof. Accordingly, a detected voltage Vouu i S a voltage
proportional to the synthesized voltage generated at the
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
i nternedi ate shield is 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.

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
in the abnormal state and normal 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

synt hesi zed and i nput into the diagnosis device 19. However,
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t he connection points may be two or nore to synthesize
potentials stepwise. It is not restrict to synthesize all of
the three potentials.

In order to inspect if the vacuumdetection termnal 12
wor ks normal 'y, an AC wi t hstandi 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
normal Iy when t he 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
vol tage wi t hst andi ng t est si nul t aneously to t hereby reduce t he
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
Fig. 6, disconnection state of the vacuumsw tch device w ||
be expl ai ned. Expl anations of other points are omtted for
simplification because they are the sane as those of other
enbodi nent s.

Inthis enmbodi ment, the di sconnection di stance between the

internediateair i nsul atedcontact 30of theair i nsul atedearth
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di sconnection portion 25 and t he bushing fi xed el ectrode 31is
made | arger than that between the air insul ated earth contact
29 of the air insulated earth di sconnection portion 25 and t he
earth side fixed el ectrode 3. The contact at the vacuumval ve
1 side is positioned at di sconnection thereby to enhance the
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
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
state of the vacuumval ve is 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
becone conducti ve because t he di st ance bet ween t he i nt er medi at e
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

bushi ng side fi xed el ectrode 31. As aresult, the air insul ated
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earth contact 29 of the air insul ated novabl e conduct or 33 and
earth side fixed el ectrode 32 becone conductive, w thout the
intermediate air insulated contact 30 of the air insulated
novabl e conductor 33 and the bushing side fixed el ectrode 31
becom ng conductive. Accordingly, it is possible to nmake
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
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
provi ded wi t h a vacuumdi agnosi s neans, but may 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
sideterm nal 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;

bus- bar connecting bushing, 17; |oad connecting bushing, 18;
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potential detection portion of the vacuumdetection term nal,
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;
air-insul ated 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
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Claims:

1. A vacuum switch device comprising a wvacuum valve having a
movable conductor and a fixed conductor for closing and
interrupting current in wvacuum; a shield, which surrounds the
movable conductor and the fixed <conductor for closing and
interrupting current, disposed in the vacuum valve; and a wvacuum
detection terminal having a <face opposed to the face of the
shield with a constant distance there between, the face of the
terminal extending aleong the face of the shield, the face of the
terminal and the face of the shield having analogous portions
where the terminal and the shield being opposed, to detect a
voltage generating between a condenser formed between the shield
and the terminal so that a vacuum pressure in the vacuum valve is

diagnosed.

2. The wvacuum switch device according to claim 1, wherein the
shield and the wvacuum detection terminal have an analogous
portion at 2least a part thereof, and a distance between the

shield and the wvacuum detection terminal is constant at the

analogous portion.

3. The vacuum switch device acceording te claim 2, the shield is
cylindrical, and the vacuum detection terminal has approximately
the same center as the shield, where the wvacuum detection

terminal has a shape surrounding at least a part of the shield.
4, The wvacuum switch device according to any one of claims 1 to
3, wherein a potential applied to the vacuum detection terminal

is a synthesized potential of potentials of different phases.

5. The vacuum switch device according to claim 4, wherein the
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potential applied te the vacuum detection terminal is a

synthesized potential of three phases.

6. A vacuum switchgear comprising the vacuum switch device
according to any one of claims 1 to 5, and an air insulation-

earth disconnection part.

7. The wvacuum switchgear accoxding to claim 6, wherein the airx
insulation earth disconnection portion comprises a movable
conductor, an intermediate air contact and air insulated earth
contact each being disposed to the movable conductor, a bushing
side fixed electrode connected to the bus-bar bushing, and an
earth side fixed electrode that contacts with and separates from

the air insulated earth contact.





