- 1 - TITLE OF THE | NVENTI ON VACUUM SW TCHGEAR FIELD OF THE | NVENTION 5 The
present invention relates to a vacuum swi tchgear and nore particularly to a
vacuum swi t chgear having a function for diagnosing the soundness of the
vacuum pressure during the normal operation. 10 BACKGROUND OF THE | NVENTI ON
The wit hstand vol tage performance and interruption performance of the
vacuum swi t chgear depend on the internall pressure (vacuum pressure) of a
vacuum container. Fig. 9 shows the discharge characteristic in a vacuum 15

that is, thersoEcad erifPaRCVENTTONVE i ndicating the correlation of the
product of pressure and distance with the discharge voltage. As shown in

the draw ng, whenvhbeuMmwSWITOHUESESUre rises to a certain value or higher
the insulation performance is |owered suddenly. In the 20 vacuum
switchgear, there are possibilities that the vacuum pressure may be
deteriorated due to not only breakage and failures but also |long-term

transm ssi oprRt,p dFaEENEe@PBeNSO that a periodic inspection is
required. 25 Generally, in the soundness check of vacuum pressure, a nethod

for cagrying Ou%hbh?gﬁﬁﬁﬂyﬂ?fM@éﬁPQSﬁrrE&%@éQ“%ézaréééﬂﬂ&”EwEQWﬁﬁeQQard1

then inpressing a p et erm ned
and more particularly to a vacuum switchgear having a

function for diagnosing the soundness of the vacuum

pressure during the normal operation.

10 BACKGROUND OF THE INVENTION
The withstand voltage performance and interruption
performance of the vacuum switchgear depend on the
internal pressure (vacuum pressure) of a vacuum container.
Fig. 9 shows the discharge characteristic in a vacuum,

15 that is, the so-called Paschen curve indicating the
correlation of the product of pressure and distance with
the discharge voltage. As shown in the drawing, when the
vacuum pressure rises to a certain value or higher, the
insulation performance is lowered suddenly. In the

20 vacuum switchgear, there are possibilities that the
vacuum pressure may be deteriorated due to not only
breakage and failures but also long-term transmission of
atmospheric gas, so that a periodic inspection is
required.

25 Generally, in the soundness check of vacuum pressure,

a method for carrying out the vacuum switchgear from the



hi gh vol t age between the poles, and judging the soundness by existence of
flashover is adopted. In this case, problens arise that the service nust be
interrupted at 5 tinme of inspection and a high voltage power source is
necessary additionally. To respond to mai ntenance conservation needs such
as sinplification of the inspection work_or |abor saving by continuous
nonitoring, a nethod capabl e of diagno§iﬁb'during the normal 10 operation
is desired and various nmethods are proposed. For exanple, in Japanese

Pat ent Lai d-EpeRiXéNIHPOVET (b . 6H9B, 1APFESHIAT & RESIMEFRELASHet ect i on
el ectrode around a vacuumval ve and detecting a discharge pul se generated
at time of deighiveitpge detwren ddwinPabedr e38dr d U IND PR ISOPRARSEE, in
this diagnostic nethod, the discharge pulse used for diagnosis is a high
frequency sinagxisbenciatoft e akheter obs cadepitedi.s donphilsatca$eand
noreover, a discrimnation function for radio wave noise fromthe 20
surroundi ng probhlemgeatrise rdqt ride sémeitchemosdt bes intreormaseedi akvit abl y.
SUMVARY OF THE I NVENTION In the prior art aforenentioned, the high frequency
25 pul £ is tubmel 66r inkpecadwman@ss ughli vghdsige, pwdhatourcer bdl em
arises that conplicated signal processing 3 function and circuit such as a
pul se det ectietessaeiti hdddnd onalilses | Monatd spohdntdi maihtemaerdecr nal noi se
must be

conservation needs such as simplification of the

inspection work or labor saving by continuous monitoring,

a method capable of diagnosing during the normal

10 operation is desired and various methods are proposed.

For example, in Japanese Patent Laid-open No. Hei 7

(1995})-65676, a method for arranging a detection

electrode around a vacuum valve and detecting a discharge

pulse generated at time of deterioration of the vacuum

15 pressure is proposed.
However, in this diagnostic method, the discharge
pulse used for diagnosis is a high frequency signal, so
that the detection circuit is complicated and moreover, a

discrimination function for radioc wave noise from the

20 surrounding environment is reguired, thus the cost is

SUMMARY OF THE INVENTION
In the prior art aforementioned, the high frequency
25 pulse is used for the vacuum pressure diagnosis, so that

a problem arises that complicated signal processing



installed additionally. An object of the present invention is to solve the 5
af orenenti oned problemand to provide a vacuum swi tchgear having a function
for diagnosing the soundness of the vacuum pressure during the nornal
operation. The first invention of the present invention is a vacuum
switchgear wwth a vacuum pressure diagnostic 10 device attached including a
netallic container at a floating potenti-al3 -a vacuum cont ai ner conposed of
an insulating bushing fixed to the netallic container, and at |east one

pair of conngghablienthed rAdesuif $HEhVAsUHMUAGY adsct WbRr eifcaifeasuring
term nal for vacuum 15 pressure diagnosis is arranged opposite to the

netallic coghdl AehiseRd Wit Bl FhRcE9BhakERBm AE dBAFLMHIsel RLELNBE are
nol ded by an insul ator such as epoxy, and a grounding layer is installed on

the outer pefjppgiabgPadaitdfoddrynsul ator, and the grounding |aver and
measuring 20 termnal are insulated electrically, and the soundness of the

“vacuum pressur exlsobdaad iy (IRASYEL00nR. YALLAYS ordEr Al el et b

measuring term na € secon tron is a vacuum'sw tchgear |ncFuding a

metal Tic con PéPS:geﬁ‘ti%nf | fg}ex!&rt?loé}{?th%%i @{aépgo%%‘é“@ 2ra SRl aé@f{acﬁggg sed

of an insul attng bushing me I'c container, and a one
pair of connectabl e

. - A4 %Lectr degd'n t he.vacuum cont aj ner mﬁe£ in the
netal 1 caMtaIner 2 SURSTASP tP hrt FRSDPRIBP Sheh Runthisg® Shatde
vacuum pressure during the normal operation.
The first invention of the present invention is a
vacuum switchgear with a vacuum pressure diagnostic
10 device attached including a metallic container at a
floating potential, a vacuum container composed of an
insulating bushing fixed to the metallic container, and
at least one pair of connectable electrodes in the wvacuum
container, wherein a measuring terminal for vacuum
15 pressure diadgnosis is arranged opposite to the metallic
container, and the metallic container and measuring
terminal are molded by an insulator such as epoxy, and a
grounding layer is installed on the outer peripheral part
of the insulator, and the grounding laver and measuring
20 terminal are insulated electrically. and the soundness of
the vacuum pressure is judged by measuring a voltage
generated at the measuring terminal.
The second invention is a vacuum switchgear including
a metallic container at a floating potential, a wvacuum
25 container composed of an insulating bushing fixed to the

metallic container, and at least one pair of connectable



grounding layer is installed on the outer peripheral part of the insulator
excluding a part of area, and a 5 neasuring termnal for vacuum pressure

di agnosis is arranged opposite to the one part of area, and the soundness
of the vacuum pressure is judged by neasuring a voltage generated at the
measuring termnal. According to the present invention, the ground 10
capacity of the netallic container is incHeased by the grounding |ayer of
the outer peripheral part of the insulator, so that the potential of the

metallic copiatpebadydr i thite viihileh OpRtaLheR ,(dweiied f WHEthe tSVRREY)
approaches the ground potential. When 15 electricity is discharged between

the min circyhiadhds e nBqUd ity CON PHERTaWEEN Sl VACWISBARY oSBACal S

deteriorated, e potentia the netallic container becones equal to the

system pot et gl g MIgEh kv eldy & AAENT1gh bhSendl oie SYAhamLAgHepay, 50 He

or 60 Hz) 20 gener the ne container; deterioration o

vacuum pressut e, .can. t qgg. vac SWi.t ar ith a vacuum
pressure diéﬁ%d%@?clgggggg%%igggﬁé |éb ékgggktﬁg %%%édtﬁggcéncuit and
di agnostic circuit.are [ Iifiﬁd extrenel y_can be pr.ovi ded at.a | ow cost.

25 BRI BF DERSFPHT RO OE SFIE aCuyll preSfure QiAGnesIs thal viow

showi ng an enbodi nent of the vacuym swi t chgear %f t he present
arranged opposite to the one pdrt of area, and the

soundness of the vacuum pressure is judged by measuring a
voltage generated at the measuring terminal.
According to the present invention, the ground

10 capacity of the metallic container is increased by the
grounding layer of the ocuter peripheral part of the
insulator, sc¢ that the petential of the metallic
container during the normal operation (during current
supply) approaches the ground potential. When

15 electricity is discharged between the main circuit and
the metallic container when the vacuum pressure is
deteriorated, the potential of the metallic container
becomes equal to the system potential. Namely,., by a
potential rise at the system freqguency {50 Hz or 60 Hz)

20 generated in the metallic container, deterioration of the
vacuum pressure can be detected, and a vacuum switchgear
with a vacuum pressure diagnostic device attached in
which the detection circuit and diagnostic circuit are
simplified extremely can be provided at a low cost.

25

BRIEF DESCRIPTION OF THE DRAWINGS



invention. Fig. 2 is a cross sectional view showng the 5 conventi onal
vacuum switchgear. Fig. 3 is a characteristic diagramfor explaining the
potential of the metallic container when the vacuum pressure is sound. Fig.

4 is an illustration for various electrostatic 10 capacities affecting the
potential of the nmetallic container. Fig. 5is an illustration for an

equi valent circuit wused to obtain the potsential of the netallic container.
Fig. 6 is anillustration for potential variations of 15 the netallic
cont ai ner when the vagqulgr%¥3g§aéébtggﬁgilgﬁghegﬂd%f ior art. Fig. 7
is an illustration for potential variations o the netallic contai ner when

Lhe, vacuum RLRSSHE e of°LHd Yl |0} benyBauLRES W iasare gl the present

20 invention 'S a cross section w of the vacuum swi tchgear of
anot her eanglve % of the present invention. Fig. 9 is a characteristic
di agram show Phee rélatlonshlp bet ween pressure and di scharge start

voltage, 25 Mop,d0 |o.g o secionel tewal, (leunun, s tchgear o
sectioQ?l\nég%&gn%ggng C%%@uum switchgear.

Fig. 3 is a characteristic diagram for explaining the
potential of the metallic container when the vacuum
pressure is sound.

Fig. 4 is an illustration for various electrostatic

10 capacities affecting the potential of the metallic
container.

Fig. 5 is an illustration for an eguivalent circuit
used to obtain the potential of the metallic container.

Fig. 6 is an illustration for potential variations of

15 the metallic container when the vacuum pressure is
deteriorated in the prior art.

Fig. 7 is an illustration for potential variations of
the metallic container when the vacuum pressure is
deteriorated in the vacuum switchgear of the present

20 invention.
Pig. 8 is a cross sectional view of the vacuum
switchgear of another embodiment of the present invention.
Fig. 9 is a characteristic diagram showing the
relationship between pressure and discharge start voltage.

25 Fig. 10 is a cross sectional view of the vacuum

switchgear of the third embodiment of the present



swi tchgear of still another enbodi nent of the present invention. 5 Fig. 12
is acircuit block diagramshow ng the diagnostic device of the present

i nvention. DESCRI PTION OF THE PREFERRED EMBODI MENTS Fig. 1 is a side cross
sectional view showing an 10 enbodi nent of the vacuum sw tchgear of the
present invention. As shown in the draw ng, the vacuumvalve 1 is conposed
of a fixing-side insulating bushing conpoged of a ceramc cylinder 2, a
termnal plate 3, and a fixed 15 conductor 4 and a novi ng-side insulating
bushi ng CO”DPE§QnEQB a netallic container 12 at a floating potential, a

. H n. . .
ceram c cylinder atermnal plate 7, a noving conductor 8, and a bell ows

9. At the ends o;.i helfli ﬁ%d C dsu§té) éliggg ng\_xLi Qvgo%ore}%}téct‘p%%ﬁuq_a fixed

el ectrode 11 20 and’ novi Ng & ectrode %% are %ixeg resp Ive he noving
el ectrode 10 _ca erat e by keeping the vacuum. tight by the bellows 9
and makes co%“fjag?ﬁaf?ﬁ of )éé:é'ggl? aa(rg%tq?rbnsﬂtﬁgg]gpyg% éjlr}gcscﬁ}eocperﬁﬁe? play a
role as a switchgear. Further, the units are joined by brazing in 25 a

hi gh-t enper at¥¥e"v4€8um oven. The periphery of the netallic container 12 is
nol ded 7 by an insulator 20 such as e OX%/lﬁ The outer perjphery of the

i nsul atr 20 is €53t ed2witth & SRR Y t 4229FPRe SHAXEHOt R’hai n 1 ne

portion) and the painted surface is )
diagnostic device of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 is a side cross sectional view showing an
10 embodiment of the vacuum switchgear of the present
invention.
As shown in the drawing, the vacuum valve 1 is
composed of a fixing-side insulating bushing composed of
a ceramic cylinder 2, a terminal plate 3, and a fixed
15 conductor 4 and a moving-side insulating bushing composed
of a metallic container 12 at a floating potential, a
ceramic cylinder 6, a terminal plate 7, a moving
conductor 8, and a bellows 9. At the ends of the fixed
conductor 4 and moving conductor 8, a fixed electrode 11
20 and moving electrode 10 are fixed respectively. The
moving electrode 10 can operate by keeping the vacuum
tightness by the bellows 9 and makes contact with or
separates from the fixed electrode 11 to play a role as a
switchgear. Further, the units are joined by brazing in
25 a high-temperature vacuum oven.

The periphery of the metallic container 12 is molded



grounded E. Further, for the insulator 20, a neasuring 5 termnal 50 for
vacuum pressure diagnosis is nolded sinmultaneously and the neasuring
terminal 50 and conductive paint 21 are electrically insulated. The
measuring termnal 50 is connected to a pressure diagnostic device 51 and
the pressure diagnostic device 10 51 is conposed of a capacitor CO and a
voltnmeter 52 for neasuring voltage outpw Meut. One end of the neasuring
termnal 50 is connected to the capacitor CO grounded, and voltages

generated atppohh eRdunidtdcapasht 85 Spoxy.e mﬁasumdubxpéﬂq)nwiﬁ et er

52, and the soundness of 15 the vacuum pressure is diagnosed by the

vol t ages. ﬁ?énﬁxtsﬁrl’att(ﬁe z\oa%ﬂwa@éauwtﬁl ROBARIdtGL VBl Pt £f 21 T Engr esent
invention will be explained. Fig. 2 shows the prlor art indicated

comparison — apd_ 86:5%‘?1%&% 95 r{é‘g‘péf‘é%ﬁ')oé 0 Wt 2) iR P REELYe 39 ther eof

fixed at the groun potent| 4 narn differenc ron1the present

i nventi on, é@b@ﬁmﬁﬁlE po%gg%hgl 0fg£1 ﬂ@nfﬂ ﬁfaE tilner 14 current
suppl vy, t hat en " t'he vacuum’va ve Is C arge mnll e exp a| d. For
t he vacuum val ve. 1 |sf the 2 ti.on perfo ce, an

i nsul at] on df St hREL § \M?r1@%°%ﬁ%1$%%53 glVl péﬁé? oé?di$g$ storlng
the g operatjo chanl nlor tch ear gbothfare not 3&?W§2 reserved.
Furt her, m:ﬁ%?%% FH8°H§ ﬁﬁ?u on9 E&TTANAY G H ?nsulatlon

erfornance wth the s
P onduct?veypalnt 21 are electrically insulated.

The measuring terminal 50 is connected to a pressure
diagnostic device 51 and the pressure diagnostic device
10 51 is composed of a capacitor CO0 and a voltmeter 52 for
measuring voltage output Vout. One end of the measuring
terminal 50 is connected to the capacitor CO grounded,
and voltages generated at both ends of the capacitor CO
are measured by the voltmeter 52, and the soundness of
15 the vacuum pressure is diagnosed by the voltages.
Hereinafter, the wvacuum pressure diagnostic method of
the present invention will be explained.
Fig. 2 shows the prior art indicated for comparison
and existence of the insulator 20 with the periphery
20 thereof fixed at the ground potential is a main
difference from the present invention. The actual
potential of the metallic container 12 during current
supply, that is, when the vacuum valve 1 is charged will
be explained. For the vacuum valve 1, to satisfy the
25 ground insulation performance, an insulation distance

between it and the receiving power board for storing the



actually, an interval between it and the vacuumvalve 1 5 nust be preserved
sufficiently. Therefore, generally, an electrostatic capacity Cm between
the netallic container 12 and the main circuit is very large conpared with
an electrostatic capacity Cg between the nmetallic container 12 and the
ground. An actual potential Ef of the 10 netallic container 12 is decided by
the fornmula indicated below on the basis ®f-Cmand Cg for a system
potential Ep: Ef = Ep x G (Cm+ Cg) ;- Ep, so that fromCm>> Cg, it
becones al Mgh et i3 Ene dRaRPERNS Fakywds chide &Y S{EER 0488 hak BRawd) tike
ot her hand, in the enbodinent (Fig. 1) of the present invention, around
the metal lic, g I Rer e LSt ot Nehel R OMLA S18Y1 Rg1 as8r ound
| ayer on therbﬁgg?%gger%%ﬁg%§%¥b§$§% so that t he grouﬁg;capac+ty Cg of th.e
20 netallic nt.ai | nc . The I o] iLal Ef of
ER R g S R A e

the netallic conta e system pot én p to the
ground potential _si.de (Fig. 3%. Th otenti.al Qqf.the surin erm.nal 50,
Phat s SaepRatdYE ATh L VERT gL DRErSehedtuald | e vAC BN P8 FRe
el ectrostatic capacities é? and QF%.b th roynd 9 . capacity C.of the
measurimg t ePHFRAPes BT SHE VEl ettt BELENE 1Wapad ey S8 o I TR e a1
container 12_and the neasuring ternina£ 50, and .t he cagffitor .
electrostatic capacity Cm between the met ic container
12 and the main circuit is very large compared with an
electrostatic capacity Cg between the metallic container
12 and the ground. An actual potential Ef of the

10 metallic container 12 is decided by the formula indicated

below on the basis of Cm and Cg for a system potential

Ep:
Ef = Ep x Cm/(Cm + Cg) = Ep,
so that from Cm >> Cg, it becomes almost the same
15 potential as the system potential Ep. On the other handgd,

in the embodiment (Fig. 1) of the present invention,
around the metallic container 12, there exists the
insulator 20 having a ground layer on the outer
peripheral parit, so that the ground capacity Cg 2f the
20 metallic container 12 increases. Therefore. the actual

Ef of the metalliic container 1z is shi

Fh

ted from

pt

potentia
the system potential Ep to the ground potential side (Fig.
3).
The potential of the measuring terminal 50, that is,
25 the measuring voltage Vm is decided, in addition to the

electrostatic capacities Cp and Cm, by the ground



capacity COin the pressure diagnhostic device 51. Each 5 electrostatic
capacity is explained in Fig. 4 and the neasuring voltage Vm can be
obtained by the equivalent circuit shown in Fig. 5. The electrostatic
capacities Cp, Cm d, and C2 are decided by the structure and size and
needl ess to say, the nmeasuring voltage Vmis a 10 proportional value to the
potential Ef of the netallic container 12 Further, to ensure the safety,

t he neasuring voltage Vm nmust be a sufficiently small value for the system

vol tage Ep. Lhph®idssiaraile 40, S6LaLIEFBPRCANAD SaPaghty OO the

pressure dlagn st c-device cien arge’ val ue for C2, and for
cqui val ent |t SYERETSTEA SR P&%?f’geg%%lsb%%ﬁ s R4 Teb R b abEs

50 a5 10 pF, Loy SBE g "6 T URROT B A %ﬁeééﬁdl‘df&evhﬁ?ﬁééfw%a%e{,;“ "

Zzt"ﬁi?2?3?e58aa323“%§ce¥pm% éaégéﬁséﬂﬁta%?ﬁgv RARPLEETELSiReh 25 i1
Fig. 9, when the pressure rises to 10-2 Torr or her, the insulation

perforﬁ%nce eOREESOSLALG CARARILY 18 e§Pé€ﬂﬂ@§t iBsl Qi st geliBet ween

the main circuit and the metallic container 12 and the potential Ef of the
metal | i c conf@pfBring volhiade N ¢ak Beapbtpigedy by the equivalent

circuit shown in Fig. 5. The electrostatic capacities Cp,
Cm, Cl, and C2 are decided by the structure and size and
needless to say, the measuring voltage Vm is a
10 proportional value to the potential Ef of the metallic
container 12.
Further, to ensure the safety, the measuring voltage
Vm must be a sufficiently small value for the system
voltage Ep. It is»desirable to set the capacitor
15 capacity CO in the pressure diagnostic device 51 to a
sufficiently large value for C2, and for example, in the
6.6 kV system, the ground voltage 5.4 kVp thereof is
equivalent to the system potential Ep, and assuming the
electrostatic capacity C2 between the metallic container
20 12 and the measuring terminal 50 as 10 pF, by setting CO
= 10000 pF. the measuring voltage Vm can be suppressed to
about 5 V.
Next, a case that the vacuum pressure is deteriorated
will be explained. As shown in the Paschen curve shown
25 in Fig. 9, when the pressure rises to 102 Torr or higher,

the insulation performance lowers. In this case,



di scharge pul se is superinposed to the systemvoltage. 5 As shown in Fig. 6,
inthe prior art, the potential Ef of the netallic container 12, even if
sound, is alnobst equal to the systempotential Ep, so that the variation in
correspondence with deterioration is only the high frequency discharge
pul se and the pressure can be 10 di agnosed by detection of the high
frequency discharge pulse. On the other h@nd, according to the present
invention, by the insulator 20 having a grounding |layer in the periphery,

t he potenti atlé&tteficting niet alischargedabatwedrd ithesmdiredcnctibe gndund
potential side, so 15 that when the vacuum pressure is deteriorated, not
only the highef meguanay dEchaiger pul sends tpengotdeart it Bf sef the
potential at the system frequency rises. Nanely, instead of the high

frequency digmebangecpdosraier ake Ngs pRtainitse tife thatoteitay at the
system frequency. the 20 deterioration may be di agnosed. Here, the effects

of this enbogigenhryel bide 8P| fhpeHimpOsbhe thf ithe AfstdmersetggLoration
of the vacuum pressure is diagnosed by detection of the discharge pulse,

so thats a congtgpgRASYEE Fiyf. 25, el CEROMBYIEL AriavaDiRadd oML Ner of

surroundi ng environnment such as a high Trequency detection circuit - 11 and

A L LU i S e i e T
role. On thetgtgﬁé system potential Ep, so that the variation in
correspondence with deterioration is only the high
frequency discharge pulse and the pressure can be
10 diagnosed by detection of the high frequency discharge
pulse. On the other hand, according to the present
invention, by the insulator 20 having a grounding laver
in the periphery, the potential Ef of the metallic
container 12 is shifted on the ground potential side, so
i5 that when the vacuum pressure is deteriorated. not only
the high frequency discharge pulse is generated but also
the potential at the system frequency rises. Namely,
instead of the high frequency discharge pulse, by taking
up a rise of the potential at the system freqguency. the
20 deterioration may be diagnosed.

Here, the effects of this smbodiment will be
explained. In the prior art, the deterioration of the
vacuum pressure is diagnosed by detection of the
discharge pulse, so that a countermeasure for

25 electromagnetic wave noise from the surrounding

environment such as a high frequency detection circuit



hand, according to the present invention shown in Fig. 1, 5 it is desirable
to detect a rise of the potential at a systemfrequency of 50 Hz or 60 Hz.
For exanple, using the voltneter 52 as a tester and a judgnent neans 500 as
an inspector, when the voltage rises to a preset threshold val ue or higher,
the inspector can detect 10 easily deterioration of the vacuum pressure.
Further, the judgnent neans 500, as shewhlin Fig. 12, may be conposed of a
conparat or 501 for conparing the voltages at both ends of the capacitor CO

W th a preseanihaepaitdbiltiflephdpd ayscnbtagisa2?y? dnd tperedsvgoby tawt put
of the 15 conparator 501, and an alarmlanmp 503 (or buzzer) which is turned
on or off bypt8gsiu@ledayiGmortidWev 051Nt Aingreasdd titte € DERBIRL OrA 501
may take up the voltage at the systemfrequency, so that it is sinplified
extremely ce{paned Wil Bradwi riGlidid or2hpndikngntiize Jyigh fon sane otdr

pul se. Further, the vacuum pressure diaghostic nethod by the system

frequency voiigge chctoﬂ%ii?lrge%“tﬂéwﬁfé&@{itC%Hveh&'i%rne squvhpfiﬁ’eﬁgiﬁéoi,

external electronagnetic wave nolse, so that the reliability of ghostic

resul s s | EP{gVEde 2T (PTaed bt ML URONETRRG (At XeTRl Caflat he

vacuum  val ve 1 having two 1 nsulating bushings of the net
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cyl i nder 20QU%§'§Q?W%eter 52 as a tester and a judgment means 500 as
an inspector, when the voltage rises to a preset
threshold value or higher. the inspector can detect
10 easily deterioration of the wvacuum pressure. Further,
the judgment means 500, as shown in Fig. 12, may be
composed of a comparator 501 for comparing the voltages
at both ends of the capacitor CO with a preset threshold
value, a relay contact 502 for operating by output of the
15 comparator 501, and an alarm lamp 503 {(or buzzer)} which
is turned on or off by the relay contact 502. Also in
this case, the comparator 501 may take up the voltage at
the system frequency, so that it is simplified extremely
compared with a circuit for handling the high freguency
20 pulse. Further, the vacuum pressure diagnostic method by
the system frequency voltage of the present invention can
ignore an influence of external electromagnetic wave
noise, so that the reliability of diagnostic results is
improved.

25 Further, in this embodiment, an example of the vacuum

valve 1 having two insulating bushings of the metallic



in Fig. 11. The conductive paint 21 installed on the 5 outer peripheral

of the insulator 20 is grounded, so that the ground capacity of the arc

shield 201 is increased and the potential of the arc shield 201 during
operation is shifted fromthe system potential to the ground potential

si de. Wen the vacuum pressure in the 10 vacuumvalve 1 is deteriorated,
of the arc shield 201 becones %ﬁual to the system potenti al,

potenti al

part

t he
SO

that in the neasuring termnal 50, the potential at the system frequency
ri ses. There¢entainpzoli2n athia ket inhepdteptigdatisoexgflainedacuum

pressure can be detected by

15 the sinple pressure diagnostic device 51

af or enent i ondeweveirxt thehyasanmnvakodl neay havie lsa @gsl dhiielldy20bfatring

to Fig. 8. The structure of the vacuumvalve 1

first enbodi aehloatsdnghaiotens iak pirarat¢enamnher eyfl imider O Mg tLowiThe
metallic 20 container 12 is nolded by the insulator 20 having a ground
‘Layer on itsnpRigpheénly aDHei ponhldus tdvizodienant , 21 hénstadded og ttdran na
is arranged separately. At a part of the surface of the insulator 20, a

part 5% whi cdutér petripbared Wdidt tde tloandussuratpa 20 Ak igroursded | edoand
25 the part 55 and neasuring term nal 50 face each other. Further, the
connection rehat i eRehgpob@ldWeRipbddiecl b f MERS UAKBY shakldnao150ieAnd t he

pressure di agnostic device

The effects plckdaseg@niad A péddntdeaBXPf atA8darc shield 201 during

10

15

20

25

operation is shifted from the system potential to the
ground potential side. When the vacuum pressure in the
vacuum valve 1 is deteriorated, the potential of the arc
shield 201 becomes equal to the system potential, so that
in the measuring terminal 50, the potential at the system
frequency rises. Therefore, also in this case, the
deterioration of the vacuum pressure can be detected by
the simple pressure diagnostic device 51 aforementionedqd.
Next, the second embodiment will be explained by
referring to Fig. 8. The structure of the vacuum valve 1
is the same as that of the first embodiment, so that the
explanation thereof will be omitted. The metallic
container 12 is molded by the insulator 20 having a
ground layer on its periphery and in this embodiment, the
measuring terminal 50 is arranged separately. At a part
of the surface of the insulator 20, a part 55 which is
not coated with the conductive paint 21 is installed and
the part 55 and measuring terminal 50 face each other.

Further, the connection relationship between the

is the sane as that of the

50

51 is the sanme as that of the first enbodi nent.



her eunder. The nmeasuring termnal 50 is shielded in the 5 electric field
fromthe main circuit by the conductive paint 21 at the ground potential, so
that the ground capacity O of the measuring termnal 50 is increased. As
aresult, even if the capacitor COin the pressure diagnhostic device 51 is
damaged or the connected line is 10 disconnected, the potential of the
measuring termnal 50 is lowered suffiei®eBtty conpared with the system
potential Ep, so that the safety for a maintenance and inspectionis

i nproved. MegauBirengalidigiidihi t50 Sada CORBDPreRkugle [t stile &EPodenent s
1 and 2, during the input and interruption operation, there are

possibilities;tat +a8 aamcIerdiLe oPCEMECR1FRe Qhidf)digsiast My touch the
nmetallic container 12 and in this case, the potential Ef of the nmetallic

container 12 beC'?HESe?‘}.'é%Jt(ﬁ Qg hi.?}fé’%xﬁl%&?ﬁmgﬁtti %'illﬁp-bé%%‘iéiﬁéda

phenonenon generated regardl ess the soundness of the vacuum pressure, su

that it is afequatferto FHE! WS dhagnostd i esyl b5 Whearanioner Al dhe

instruction TS grven. Hereinarter, ¢ enbodi men presen
e AL SEPERNIEE Al S Thot 8y Bl A8 Aripompghoce 100
o By Y LT A OB o S LT e Py o ol 0o
capacity Cl of the measuring terminal 50 is increased.
As a result, even if the capacitor CO in the pressure
diagnostic device 51 is damaged or the connected line is
10 disconnected, the potential of the measuring terminal 50
is lowered sufficiently compared with the system
potential Ep, sc that the safety for a maintenance and
inspection is improved.
Meanwhile, although it is a common matter between
15 Embodiments 1 and 2, during the input and interruption
operation, there are possibilities that an arc generated

between the electrodes may touch the metallic container

12 and in this case, the potential Ef of the metallic

i)

container 12 becomes equal to the svystem peotential Ep.
20 This is a phenomenon.generated regardless of the
soundness of the vacuum pressure, so that it is adeguate
to exclude diagnostic results when an operation
instruction is given.
Hereinafter, the third embodiment of the present
25 invention will be explained by referring to Fig. 10.

A vacuum switchgear 100 includes a vacuum valve 101



s

21 around. The vacuum val ve 101 has the disconnection 5 function, so that to
ensure the safety for the nmaintenance and inspection person, it is
desirable for it to have a diagnostic function for the vacuum pressure. The
vacuum val ve 101 is conposed of two insulating bushings 104 and 105 and the
metallic container 12 at a 10 floating potential and stores contact

el ectrodes in the respective insulating B4shings. In the insulating bushing
104 on the left of the drawing, a fixed electrode 110 is connected to a

conductor 1lRaviidh dr xest6pAdpetion ahll s d Sompdeecégdrificthionbundn a
bushing 113. On the 15 other hand, in the insulating bushing 105, a fixed

el ectrode 1l4achuPRAEGIECd $2 Boe0gdeend slditdHfnd dhaeBotBORECHRIgEld and
is connected to the |oad by a bushing 117. Further,, noving contacts 120

and 121 are phespretingl Yatbdxedot RaM¥ignEneondunitisa 1eenandti4d %'EH.n%O bot h
novi ng conductors are connected by a conductor 124. Nanely, in the vacuum

swi tohgear 190, g3 eniries vy 68 40T 9ghle e Alodhecbush ng 113

conduct or I xed el ectrode 110, noving el ectrode
of octofle 128 RIS L ERCE] gheprg she, TRedYy L RS Ctor 116, “and
s used o prevhtenaid 110 php FbBrEEoRehetar’t A 1. ofer EERPER. B ie of
| nput and to have a diagnostic function for the vacuum pressure.
The vacuum valve 101 is composed of two insulating
bushings 104 and 105 and the metallic container 12 at a
10 floating potential and stores contact electrodes in the
respective insulating bushings. In the insulating
bushing 104 on the left of the drawing, a fixed electrode
110 is connected to a conductor 112 via a fixed conductor
111 and is connected to the bus by a bushing 113. On the
15 other hand, in the insulating bushing 105, a fixed
electrode 114 is connected to a conductor 116 via a fixed

conductor 115 and is connected to the load by a bushing

117. Further. moving contacts 120 and 121 are

N

respectively fixed to moving conductors 122 and 123 and

20 both moving conductors are connected by a conductor 124,
Namely, in the vacuum switchgear 100, a current is
supplied through the route of the bushing 113, conductor
112, fixed conductor 111,, fixed electrode 110, moving
electrode 120, moving conductor 122, conductor 124,

25 moving conductor 123, moving electrode 121, fixed

electrode 114, fixed conductor 115, conductor 116, and



interruption fromadhering to the inner surface of a 5 ceramc cylinder 118,
thus the insulation performance is prevented fromdeterioration. The
conductor 124 for connecting the two noving conductors 120 and 121 is
connected to an operation rod 126 via a ceramc rod 125 and the operation
rod 126 is 10 connected to an insulating rod 127. The insulating rod 127 is
driven by an operation nechani sm (not dralWm)- installed individually and the
contact electrodes in the insulating bushings 104 and 105 rmake contact with
or separ at eodgwihgach7qt hRartheit hemn srdeaddoybsd 18091 ardandital | ed bet ween
the operation rod 126 and the netallic container 12, so that they can

operate by kesptagtt Beectaodemild gid®sto ByetrBAtoperallildn: eeheidébas t he
noving el ectrodes 120 and 121 nove to three positions of an on position

Y1, , an of f fpstté@nr¥dmaited dictrafBEt 4 0Nt 2HePBEi in@utYmmnd realize the
interruption function by an operation between the on position Y1 and the

of f positionnZrARgtiBa FreaORdr Ay fHHCEhEN R edN ARG ALd OO Det ween  the
of f position Y2 and the disconnection position Y3. On the other hand, the

vacuumgyal V%%I%“@?ﬁ&ﬂﬁgr 33 SRl Nepd SiﬁQHEQ%?@nOfp&ﬂ%Jﬁ%éfg’ a

ceramc cyli 407 termnal plates 141 and 142 at both en

érggfsgaealf gﬂ%ﬁggﬁgg%ﬁg ééggtréggﬁa4 paﬂggﬁtg;elﬁﬁkeda?g gozhxggnductors
and these units fﬂg conductor 124 for connecting the two moving

conductors 120 and 121 is connected to an operation rod
126 via a ceramic rod 125 and the operation rod 126 is

10 connected to an insulating rod 127. The insulating rod
127 is driven by an operation mechanism (not drawn)
installed individually and the contact electrodes in the
insulating bushings 104 and 105 make contact with or
separate from each other. Further, a bellows 130 is

15 installed between the operation rod 126 and the metallic
container 12, so that they can operate by keeping the
vacuum tightness. By the operation mechanism, the moving
electrodes 120 and 121 move to three positions of an on
position Yi, an off position ¥Z2, and a disconnection

20 position ¥3 and realize the interruption funcition by an
operation between the on position Y1 and the off position
Y2 and the disconnection function by an operation between
the off position Y2 and the disconnection position Y3.

On the other hand, the vacuum valve 102 for ground
25 switching is composed of a bellows 148, a ceramic

cylinder 140, terminal plates 141 and 142 at both ends



mutual Iy joined by brazing. The noving conductor 144, 5 outside the vacuum
val ve 102, is connected to a connection conductor 149 for nutually
connecting three phase parts. Further, the noving conductor 146 is
connected to an insulating rod 151 via a netal fitting 150. The insul ating
rod 151 is driven by an operation 10 nechani sm (not drawn) separately
installed to open or close the contact- Ferther, the fixed conductor 143 is
connected to the conductor 116 connected to the load, so that the load is
grounded by therkspyt aopardid Wordudbér vagyua wawithd Gbndwetber149n the

i nsul ator 20, a 15 capacitor 152 for voltage neasurenent is nolded and

exi stence of aaqvel fageqor et Bsl Bisleahq di mekAim (?W%l%tra-d@ megsuring
term nal 50 for vacuum pressure diagnosis is nolded inside the insulator 20

toget her wi tdahléﬂeafacwwe\@'ﬁ@so&@% éoflad82o28d any %H@é@%?@@oéi:ée tr
20 the netallic container 12 of the vacuum val ve 101. The neasuring termna

20, Lhrough fufeanegt g d(;:jayllzﬁgr af fng COME Gy 1 Ag! BBnBLETH G 44 Agnost i c

devi ce 51 S|n1 ar t t 1 or 2. he nmetal I'i ¢ contai ner

12 at @ﬁggﬂdgokﬂgt |v%I L8 eétm)fgllegl()fu@l?ct&ge ?x'n%[cﬁge?c% 2:3) gy ounded around

t he |nsulator hé &ctual hereof is s fromthe system

potenti al Ept(#é?ﬁr?y For%ﬁ%%é¥nfﬂglf%rs %Ua!% m%\g¥i:§n£$§ sure is

deteri orat ed € mewouseMm I ent rie

di schar ged bqlwggqpéggsnalpu BCUIt

E%e moving conductor 146 is
connected to an insulating rod 151 via a metal fitting
150. The insulating rod 151 is driven by an operation

10 mechanism (not drawn) separately installed to open or
close the contact. Further, the fixed conductor 143 is
connected to the conductor 116 connected to the load, so
that the load is grounded by the input operation of the
vacuum valve 102. Further, on the insulator 20, a

15 capacitor 152 for voltage measurement 1is meclded and
existence of a voltage on the load side is discriminated.

The measuring terminal 50 for vacuum pressure

diagnosis is molded inside the insulator 20 together with

n

the vacuum valives 101 and 102 and is arrandged cpposite *no

20 the metallic container 12 of the wvacuum valve 101. The
measuring terminal 50, through a connection line 160, is
connected to the pressure diagnostic device 51 similar to
that of Embodiment 1 or 2. In the metallic container 12
at a floating potential, by the conductive paint 21

25 grounded around the insulator 20, the actual potential

thereof is shifted from the system potential Ep to the



the netallic container 12, and the potential of the 5 netallic container 12
rises up to the systempotential Ep, so that on the basis of this potenti al
rise, the deterioration of the vacuum pressure can be di agnosed. As

menti oned above, even in the vacuum swi tchgear 100 having the di sconnection
function, when the insulator 20 10 having the grounded conductive paint 21
around is installed, a highly reliable vaguum pressure di agnostic device
can be installed easily. According to the present invention, the inner

pressure canapgugida P aspeLentyiénrthE 9hchbhm phrdWiAdlig container

at a floating potential, so that a vacuum pressure switchgear in which the
det er | ti ) ) . ) ) L . .

dot et or ot | oRerdragnoni e eyl sarly SLTPhE vl ANLL WpamERELS (i
L A vacuum syLEeD,aal, CORI] S0k o 8aMBLRLLLG GHU ST KePbuRL 8nh! 0aling
potential; a vacuam cort ainer-T Ac uﬁlng WO I nsulating buShings I'Xed in
th talli t ai .and_ di d side-by-side; .t j

el ect 1 ode- pal POAME5aadd T TRURE: v e aum BorPs: Rt AL Chrah! E"81 bei ng i n
contact_with o yt of contact ¥&th.each ot her; _a measurin ter@Juﬂ éor
vacuun1$ressﬂ?tagﬂégn&QQ$alner rises up to the system potentia P,

so that on the basis of this potential rise, the
deterioration of the wvacuum pressure can be diagnosed.
As mentioned above, even in the vacuum switchgear 100
having the disconnection function, when the insulator 20
10 having the grounded conductive paint 21 around is
installed, a highly reliable vacuum pressure diagnostic
device can be installed easily.
According to the present invention, the inner
pressure can be diagnosed by a potential rise of the
15 metallic container at a floating potential, so0 that a
vacuum pressure switchgear in which the deterioration
diagnostic device is simplified and the diagnostic

reliability is improved can be provided.

o
(@)
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di sposed in opposition to the netallic container; an insulator with which
the nmetallic container and the neasuring termnal are nolded; and a ground
| ayer di sposed at the outer periphery of the insulator; wherein the ground
| ayer is electrically insulated with the neasuring termnal. [Caim2] A
vacuum switch gear conprising: a netallic container kept at a floating
potential; a vacuum container including an insulating bushing fixed in the
nmetallic container; two pairs of electrode-pair disposed within the vacuum -
19 container and capable of being in contact with or out of contact wth
each other; a separate vacuum container di¥derent formthe forner vacuum
container; a vacuumground switch including a pair of electrode-pair
capabl e of being in contact with or out of contact wth each other within
t he separat@aATaqYuUMIEANES Oer; a nmeasuring term nal for vacuum pressure

di agnosi s disposed in opposition to the netallic container; an insulator

wi th which the neasuring termnal, the netallic container and the vacuum
ground smﬁtchc%?%miﬁﬂegrally nol ded; and a ground | ayer disposed at the

outer periphery of the ) )
A vacuum switch gear comprising:

a metallic container kept at a floating potential;

a vacuum container including two insulating bushings
fixed in the metallic container and disposed side-by-side;

two pairs of electrode-pair disposed within the vacuum
container and capable of being in contact with or out of contact
with each other;

a measuring terminal for vacuum pressure diagnosis
disposed in opposition to the metallic container;

an insulator with which the metallic container and the
measuring terminal are molded; and |

a ground layer disposed at the outer periphery of the
insulator;

wherein the ground layer is electrically insulated with
the measuring terminal.
[Claim 2]

A vacuum switch gear comprising:

a metallic container kept at a floating potential;

a vacuum container including an insulating bushing fixed
in the metallic container;

two pairs of electrode-pair disposed within the vacuum



i nsul ator; wherein the ground layer is electrically insulated with the
nmeasuring termnal. [Claim3] A vacuumswi tch gear conprising-. a netallic
contai ner kept at a floating potential; a vacuum contai ner including an

i nsul ating bushing fixed in the nmetallic container; and a pair of

el ectrode-pair disposed wthin the vacuum container and capable of being in
contact with or out of contact wth each other; characterized in that the
netallic container is nolded wth an insulator, a ground |layer is provided
on the outer 20 periphery of the insulator except its partial area, and a
measuring termnal for vacuum pressure diagfosis is disposed in opposition
to the partial area on the outer periphery of the insulator. [CQaim4] The
vacuum swi t cAOBEaINEE RARYICiP AP eanl hsing anmeentaet withepy otk efi G
conprising a di agnosi ng device for measuring or always nonitoring an AC
vol tage of a¥i§Btearhre§heréy generated at the measuring termnal, wherein
when voltage increases to a certain threshold value or nore the di agnosing
devi ce i s adapted t & FERALALR vagaum pprépdnevradidfersngr farvdthe [f9mEnesR 5]

The vacuum swi tch gear according to any of clainms 1 to
vacuum container;

a vacuum ground switch including a pair of
electrode-pair capable of being in contact with or out of contact
with each other within the separate vacuum container;

a measuring terminal for vacuum pressure diagnosis
disposed in opposition to the metallic container;

an insulator with which the measuring terminal, the
metallic container and the vacuum ground switch are integrally
molded; and

a ground layer disposed at the outer periphery of the
insulator;

wherein the ground layer is electrically insulated with
the measuring terminal.
[Claim 3]

A vacuum switch gear comprising:

a metallic container kept at a floating potential;
a vacuum container including an insulating bushing fixed
in the metallic container; and

a pair of electrode-pair disposed within the wvacuum
container and capable of being in contact with or out of contact
with each other;

characterized in that the metallic container is molded

with an insulator, a ground layer is provided on the 6uter



4, characterized in that the ground layer is constituted such that a
conductive coating is applied over the outer periphery of the insulator and
t he conductive coating is connected to a ground. [Caim6] The vacuum
switch gear according to claim4, characterized in that when the di agnosing
device nmeasures a voltage generated at the neasuring termnal while an
operation instruction is not given to the vacuum sw tch gear and the
voltage increases to a certain threshold value or nore, the diagnosing
device is adapted to determ ne that inproper vacuum is created.

- 20 -
periphery of the insulator except its partial area, and a
measuring terminal for vacuum pressure diagnosis is disposed
in opposition to the partial area on the outer periphery of the
insulator.

[Claim 4]

The vacuum switch gear according to any of claims 1 to
3, characterized by comprising a diagnosing device for measuring
or always monitoring an AC voltage of a system frequency
generated at the measuring terminal, wherein when voltage
increases to a certain threshold value or more the diagnosing
device is adapted to determine that improper vacuum is created.
[Claim 5]

The vacuum switch gear according to any of claims 1 to
4, characterized in that the ground layer is constituted such
that a conductive coating is applied over the outer periphery
of the insulator and the conductive coating is connected to a
ground.

[Claim 6]

The vacuum switch gear according to claim 4,
characterized in that when the diagnosing device measures a
voltage generated at the measuring terminal while an operation
instruction is not given to the vacuum switch gear and the
voltage increases to a certain threshold value or more, the
diagnosing device is adapted to determine that improper vacuum

is created.



