- 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 internah pressure (vacuum pressure) of a
vacuum container. Fig. 9 shows the discharge characteristic in a vacuum 15

that is, thersoecaFl erPayvhfr N ve indicating the correlation of the
product of pressure and distance with the discharge voltage. As shown in

the draw ng, wher;Adweum ek PdAHBERRSUre 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 |ong-term

transnlsm(¥héEDa§ﬁg§ﬁEe&§gEg$i ﬁx)that a periodic inspection is required.

25 General I'y,”i'n soundness ‘¢ eck of vacuum pressure, a nethod for

Carrylng out thﬁlvac ﬁ%‘&%@@%%igﬂc¥gig¥és to a vacuum switchgear

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



recei ving power board, then inpressing a predeterm ned high voltage between
the poles, and judgi ng the soundness by existence of flashover is adopted.
In this case, problens arise that the service nust be interrupted at 5 tine
of inspection and a high voltage power source is necessary additionally. To
respond to mai ntenance conservation needs such as sinplification of the

i nspection work or |abor saving by contd rugus nonitoring, a nmethod capable
of diagnosing during the normal 10 operation is desired and various mnethods

are proposegece 9 ngx & bdhd@Patges PabeRlskidgidl-PRSFe Mote HRinéa
(1995)-65676, a nethod for arranging a detection electrode around a vacuum

val ve and deighRt B3 tagd Haidshn ﬂ%ﬁgoﬂsaer@&ﬁd Rladide ﬂflengﬁﬁhﬁE@g O?hgf

t he vacuum 15 pressuré i s proposed. wever, 1n this diagnostic netho

di scharge gyl sg;usedde0lo di A0S el 918 BHBRERISACN N ONA 5o 5O that the

detection citcuit is conplicated and noreove _ |scr|n1nat|onffunction
[ och O, PSR IEhSe 1D 1 U ORISLR0RRRN BN SR FESH 85T, LTV,
o SoenErL! OB bE HSMISISIRY o BBH 5 RS dhpmigcr pssure
necessary additionally. To respond to maintenance
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 wvacuum
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 radio wave noise from the

20 surrounding environment is required, thus the cost is

increased inevitably.

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



function and circuit such as a pulse detection circuit and a discrimnation
function fromexternal noise nust be installed additionally. An object of
the present invention is to solve the 5 aforenenti oned problemand to
provi de a vacuum swi tchgear having a function for diagnosing the soundness
of the vacuum pressure during the normal operation. The first invention of
the present invention is a vacuum swi tclgear with a vacuum pressure

di agnostic 10 device attached including a netallic container at a floating
potential, furatiiom aadt @irer Conposkdasf aapulises dedte aigi dmisbinguiiitxed to
the netallic container, and at |east one pair of connectable electrodes in
t he vacuum an@naatihecrintieradiiiom ferstiongfremmexatefra]l viaslisien hbspr asur e
di agnosi s is arranged opposite to the netallic container, and the netallic
cont ai ner apfs@Rassedi addittargrialy are nol ded by an insul ator such as epoxy,
and a grounding layer is installed on the outer peripheral part of the

insul ator, and AReopfeerdior ey gsré&sen Teafittend o20 HLr6 Neb1aeethasul at ed
el ectrically, and the soundness of the vacuum pressure is judged by

nMeasurg Ng aaFerémentisaed HresbBdm tHed MeasSPEbRd detldrividtuun Néws€6RGEar
invention is a vacuum swi tchgear including a netallic container at a

floating pohgpihgl a 2u¥REYWR 40U AGREE1R§MRASEG RIndled NSsF ath8g bushi ng
fixed to the netallic container, and at | east one pair of connectable
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 diagnosis 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 layer 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 vacuum

25 container composed of an insulating bushing fixed to the

metallic container, and at least one pair of connectable



4 electrodes in the vacuum container, wherein the netallic container is
nol ded by an insulator such as epoxy, and a grounding layer is installed on
the outer peripheral part of the insulator excluding a part of area, and a
5 nmeasuring termnal for vacuum pressure diagnhosis is arranged opposite to
the one part of area, and the soundness of the vacuum pressure is judged by
measuring a voltage generated at the neasuring terninal. According to the
present invention, the ground 10 capacity of the netallic container is

i ncreased bglekérodiesuridi nthe ayacuuh tbatadher ,peticgietml thar mheablilie

I nsulator, so that the potential of the netallic container during the

nor mal oper abheaipeur iisg nclkdedtby sappliysudpiioaachesh tde gpourd paideati al .
When 15 electricity is discharged between the main circuit and the netallic

cont ai ner whesuhlde nepQuayapressitiet asledeoar itbieatctthet hee popratraal pafrtt he
metallic container becones equal to the systempotential. Nanely, by a

potential rpsetpe imgsuEamdtenensy aSpat @f Grd¥) aPagenerated in the
nmetallic container, deterioration of the vacuum pressure can be detected,

and a yacuuges¥uirehgealermiiddl af yACUHBUAME pTOsR dAGSdh6sdgvige attached
in which the detection circuit and diagnostic circuit are sinplified
extrenmely caprhfigr@owWpirisitte ad OMhEOShe BaArt 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 outer peripheral part of the
insulator, so that the potential 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 frequency (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 thefdetection circuit and diagnostic circuit are
simplified extremely can be provided at a low cost.
25

BRIEF DESCRIPTION OF THE DRAWINGS



BRI EF DESCRI PTION OF THE DRAWNGS 5 Fig. 1 is a cross sectional view
showi ng an enbodi nent of the vacuum switchgear of the present invention.
Fig. 2 is a cross sectional view showing the 5 conventional vacuum
switchgear. Fig. 3 is a characteristic diagramfor explaining the potential
of the nmetallic contai ner when the vacuum pressure is sound. Fig. 4 is an
illustration for various electrostatic- PO-capacities affecting the
potential of the netallic container. Fig. 5is an illustration for an
equi val ent circhbig. dsd@ tao asniss rsedeipoadnview shawiengredml | i c cont ai ner.
Fig. 6 is an illustration for potential variations of 15 the netallic
cont ai ner vémemod hmenécofmtpree smgwam sswilkthgeearaodd tie thweegentbr art. Fig. 7
is an illustration for potential variations of the nmetallic container when
t he vacuum jmesstieni.s deteriorated in the vacuum swi tchgear of the present
20 invention. Fig. 8 is a cross sectional view of the vacuum sw tchgear of
anot her enbodi nBihy.ob tilse aproaseyd sexwehdnab. viBwgshdwing dhar acteristic
di agram showi ng the rel ationshi p between pressure and di scharge start
vol t age. conventional vacuum 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 equivalent 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.
Fig. 8 is a cross sectional view of the wvacuum
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



25 Fig. 10 is a cross sectional view of the vacuum sw tchgear of the third
enbodi nent of the present 6 - invention. Fig. 11 is a cross sectional view
of the vacuum sw tchgear of still another enbodi nent of the present
invention. 5 Fig. 12 is a circuit bl ock diagram show ng the diagnostic
device of the present invention. DESCRIPTION OF THE PREFERRED EMBCDI MENTS
Fig. 1 is a side cross sectional vieM/Shd%rhg an 10 enbodi nent of the
vacuum swi tchgear of the present invention. As shown in the drawi ng, the
vacuum val vényendiogonposed of a fixing-side insulating bushing conposed of
a ceramc cylinder 2, a termnal plate 3, and a fixed 15 conductor 4 and a
movi ng- si de i nsdlig-i Ag BB ngredapssedionnly wikgwl ¢f ctikenvacHam 12 at a
floating potential, a ceramc cylinder 6, a termnal plate 7, a noving
conduct or 8swahg¢hgeaal |afivss 9l 1 At anhthemdembodimerit xefl thenduesent4 and
nmovi ng conductor 8, a fixed electrode 11 20 and noving el ectrode 10 are
fi xed respeénhvealtjonthe noving el ectrode 10 can operate by keeping the
vacuum tightness by the bellows 9 and nakes contact with or separates from
the fixed el ect Fdde IR tics pd agimcubdtebdsck ddwdgmameshiowfngt hbe, the units
are joined by brazing in

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



25 a hi gh-tenperature vacuum oven. The periphery of the netallic container
12 is nolded - 7 by an insulator 20 such as epoxy. The outer periphery of
the insulator 20 is coated with conductive paint 21 (the two-dot chain |ine
portion) and the painted surface is grounded E. Further, for the insulator
20, a neasuring 5 termnal 50 for vacuum_pressur e di agnosi s i s nol ded
si mul taneously and the neasuring term nal’ 50 and conductive paint 21 are
electrically insulated. The neasuring termnal 50 is connected to a pressure
di agnost i c BBvRRelBSUdRF OThe Gresclyr S dPRERYst | ERBePMEeT PR BUPhery opfosed
of a capacitor CO and a voltneter 52 for neasuring voltage output Vout. One
end of the HpasippHdatoar #0hals SEpratedonhsbt egndyatiere apatn t 021 CcOtheounded,
and vol tages generated at both ends of the capacitor CO are neasured by the
vol t met er 5@wWoaddtt khadouddmes Prtian)t andy ibeumadmdssirsuradeagmsosed by
the voltages. Hereinafter, the vacuum pressure di agnostic nmethod of the
present i nveneundedi El. bBuekpeai.nddr Rie Inshbatorh@Opr iaomemsus iy cat ed
for conparison and existence of the insulator 20 with the periphery 20
thered fi xegirminahe5¢r dond vastwm i pressunendingndisfiferisnoeoided t he present
I nvention. The actual potential of the netallic container 12 during current
supply, thatims]ltahepusiyg waclurhesahe@sdrisgchergdaad |90 and
conductive paint 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 CO 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 vacuum 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 wvacuum valve 1, to satisfy the

25 ground insulation performance, an insulation distance

between it and the receiving power board for storing the



be expl ained. For the vacuumvalve 1, to satisfy the 25 ground insul ation
performance, an insulation distance between it and the receiving power
board for storing the - 8 operation mechanismor switchgear (both are not
drawn) is reserved. Further, also for the neasuring termnal 50, to
satisfy the insulation performance W th the system actually, an interval
between it and the vacuum valve 1 5 nust 8e preserved sufficiently.
Therefore, generally, an electrostatic capacity Cm between the netallic
cont ai ner darepatiphemgghandisn it switehgepar jdoddnpdied o t @rawn) is
el ectrostatic capacity Cg between the netallic container 12 and the ground.
An actual poeservefl.EfFefthhe.l1elsst dn cchwmedasering iterddgialedb®y t he
formula indicated below on the basis of Cnand Cg for a system potenti al
Ep: Ef = EptX €atisfy+t8g) LusEpatsion hperfoomGoe>widd tihe beyotem, al nost
the sane 15 potential as the system potential Ep. On the other hand, in
t he enbodi neotudFly., ah dbhtermgir dsetweeémvint and, thar owwdidrhevaktval Li c
container 12, there exists the insulator 20 having a ground | ayer on the
out er 5 per imphet abe ppresesweidhatufifiiec igwubyl. caflaeréfofy, ogenleara2Q ynetah | i C
container 12 increases. Therefore, the actual potential Ef of the netallic
cont ai ner 1@1éstsbsthedcf capaditey Omwtweatpeeéanthal mep ald ideco babfer
potential side (Fig.

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 hand,

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 part, so that the ground capacity Cg of the
20 metallic container 12 increases. Therefore, the actual
potential Ef of the metallic container 12 is shifted from
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



3). The potential of the neasuring termnal 50, that is, 25 the neasuring
voltage Vmis decided, in addition to the electrostatic capacities Cp and
Cm by the ground - 9 capacity O of the neasuring term nal 50, the

el ectrostatic capacity C2 between the netallic container 12 and the
measuring term nal 50, and the capacitor capacity COin the pressure

di agnostic device 51. Each 5 electrostati’c capacity is explained in Fig. 4
and the nmeasurin volta%e Vm can be obtai ned by the eq%;valent circuit

shown i n Fi¢ePacitkeCd| ot tosy Measwenbagi teEingl S8y We and C2 are
deci ded by the structure and size and needl ess to say, the neasuring
vol tage Vm¢ke@atIosppsper Capfditml ¢ botvaenpshenfmedialgiefcemeainesl |ic
container 12. Further, to ensure the §afetg, the nmeasuring voltage Vm nust
be a sufficlenang shal measurdndrtemeingkt efh asdt 4de MAPagiterdesirable to
set the capacitor 15 capacity COin the pressure diagnostic device 51 to a
suf fi ci ent | gapagegbyvaPudanf dheCpregruferdiganpssic deviece 5. k\Eagsist em t he
ground voltage 5.4 kVp thereof is equivalent to the system potential Ep,
and assum reledbroekaticoscapad ttapkei exypLaihetwdan Filgs nktand i theont ai ner
20 12 and the neasuring term nal 50 as 10 pF, by setting CO = 10000 pF, the
measuri ng veasyrivg vaidthges ppreaasdoe tobtained by the equivalent
circuit shown in Fig. 5. The electrostatic capacities Cp,
Cm, Cl1l, 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,



about 5 V. Next, a case that the vacuum pressure is deteriorated wll be
expl ai ned. As shown in the Paschen curve shown 25 in Fig. 9, when the
pressure rises to 10-2 Torr or higher, the insulation performance |owers. In
this case, - 10 electricity is discharged between the main circuit and the
metallic container 12 and the potential Ef of the netallic container 12 is
put into the state that a discharge pvl%% s superinposed to the system
voltage. 5 As shown in Fig. 6, in the prior art, the potential Ef of the
metal | i c comegheicidy avediischazigril hetwe¢apstheqmalin (indielsyaném
potential Ep, so that the variation in correspondence with deterioration is
only the hitgre metgléhcycandd@dimee biilard ablet hetgnddadr Efcaaf behg 0
di agnosed by detection of the high frequency discharge pulse. On the other
hand, accomitalibcthenprénem 12 nhemubninby the shautleattdratOa havi ng a
grounding layer in the periphery, the potential Ef of the netallic
cont ai ner IRischahgétpdler tilse spramidnposedt tal tbedeystenlSrdhizdgehen t he
vacuum pressure is deteriorated, not only the high frequency discharge
pul se 5 s gaxerstieedn bih Bige 6t,hdmpdilentpraiontathe shet potarsgiehcyfroses.
Nanely, instead of the high frequency discharge pulse, by taking up a rise
of the potetlie ahetdllbe sypattainfarcduencyven hef 268odader iiey ailintds troyqhel
di agnosed.
to the 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 layer
in the periphery, the potential Ef of the metallic
container 12 is shifted on the ground potential side, so
15 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 frequency, the
20 deterioration may be diagnosed.
Here, the effects of this embodiment 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



Here, the effects of this enbodinent will be explained. In the prior art,
the deterioration of the vacuum pressure is diagnosed by detection of the
di scharge pul se, so that a counterneasure for 25 el ectronagnetic wave noi se
fromthe surrounding environment such as a high frequency detection circuit
- 11 and a portable tel ephone is necessary and the cost of the pressure
di agnostic device 51 is increased inevitdbly. A circuit 53 shown in Fig. 2
plays this role. On the other hand, according to the present invention
shown in Figndla porttabdeddsilegpiené oidehecesaarysaraf the posentifalthat a
system frequency of 50 Hz or 60 Hz. For exanple, using the voltnmeter 52 as
a tester anpraspudgndiiagnesrisi G0dewbsceahbli hspanicareasdienindrei tablgge Ai ses
to a preset threshold value or higher, the inspector can detect 10 easily
det eri or at i enrefiitthe 3vatiownm prresBig e. 2 Fplaker thitshedlelgmet tmansthép, as
shown in Fig. 12, may be conposed of a conparator 501 for conparing the
vol tages ahah@thaeedsdding e capachtesef® Wnilena iresiowmr eahplig. val ue,
rel ay contact 502 for operating by output of the 15 comparator 501, and an
al armd anp $03j608ekuZzadle WH detésStt &r pedeobror Hef fpded hital ehayacont act
502. Also in this case, the conmparator 501 nmay take up the voltage at the
system freqgegeEm $@cqidindyt df5 50 NPLi bFedoexir.eneby ekafpAlLd Weifga
circuit for handling the high frequency

the voltmeter 52 as a tester and a judgment means 500 as

Q

an inspector, when the voltage rises to a preset
threshold value or higher, the inspector can detect

10 easily deterioration of the vacuum 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 wvoltage at
the system frequency, so that it is simplified extremely
compared with a circuit for handling the high frequency

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 wvacuum

valve 1 having two insulating bushings of the metallic



20 pul se. Further, the vacuum pressure diagnostic nmethod by the system
frequency voltage of the present invention can ignore an influence of
external electronmagnetic wave noise, so that the reliability of diagnostic
results is inproved. 25 Further, in this enbodiment, an exanple of the
vacuum valve 1 having two insul ating bushings of the netallic - 12
container 12 at a floating potential is ¥kptained. However, the vacuum
valve 1 nmay have an arc shield 201 at a floating potential in a ceramc
cylinder 20€ombashewnl2 matFiag.flldat iiing poheuottiave ipaiewpldinedtal | ed on the
5 outer peripheral part of the insulator 20 is grounded, so that the ground
capacity ofHéwevarc theelvaciiin iwalvect emspdhane fame gyt esii@ldofothatarc
shield 201 during operation is shifted fromthe systempotential to the
ground pot emtfhbasidg. pdhentid viacuanceransor eyilinder XDy agsiughgehve 1 is
deteriorated, the potential of the arc shield 201 becones equal to the
system potentiRig.soi1thathei Bohdacrdasurgaicht ez Daktalledhempaimnti al at
the system frequency rises. Therefore, also in this case, the deterioration

of thes vacusuinf epettiphedalbeaiat ast echdyindhibersi2wplies pjesendeqdi ggnostic
device 51 aforenentioned. Next, the second enbodinment will be explai ned by

referring tendt gth8. grbanst dagdd £rPfot hen¥agremswaleies boi sidg he sanme as
that of the first engodi ment, so that the

increased and the potential of the arc shield 201 during
operation is shifted from the system potential to the
ground potential side. When the vacuum pressure in the

10 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

15 the simple pressure diagnostic device 51 aforementioned.

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

20 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

25 the part 55 and measuring terminal 50 face each other.

Further, the connection relationship between the



expl anation thereof will be omtted. The netallic 20 container 12 is nol ded
by the insulator 20 having a ground |ayer on its periphery and in this
enbodi ment, the neasuring termnal 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 25 the part 55 and neasuring term nal
50 face each other. Further, the connection rel ati onship between the - 13
measuring termnal 50 and the pressure diagnostic device 51 is the sane as
that of thandaserirabbdrminal B afd cthe preshireediadinoattiai déviee
expl ai ned hereunder. The neasuring termnal 50 is shielded in the 5
electric fi%l dig ropet hamenns dhaduiaf byhe heicshdemboddmeaitnt 21 at t he
ground potential, so that the ground capacity C of the nmeasuring termna
50 i s increasedrhe Agsffiectsubif, tduien enibaodimenpawildr b€Oexpldined essur e

di agnosti c device 51 is danmaged or the connected line is 10 di sconnected,

t he pot ent ildreindére. neBselrmagstueingndlerninal 3@wes edhdeflfliied amt [ttheconpar ed
with the system potential Ep, so that the safety for a mai ntenance and

i nspe@ i on éxedtipioveiel Bedmom Ithe aldiwughrttitsbg chrmontideivdet ween
15 Enbodinents 1 and 2, during the input and interruption operation, there

are possi bigdintes21hat 8neageodd® Astashtbel yees thatehdd rgdasnday touch
the metallic container

capacity C1 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, so 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
container 12 becomes equal to the system potential Ep.

20 This is a phenomenon generated regardless of the
soundness of the vacuum pressure, so that it is adequate
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



12 and in this case, the potential Ef of the metallic container 12 becones
equal to the systempotential Ep. 20 This is a phenonenon gener at ed

regardl ess of the soundness of the vacuum pressure, so that it is adequate
to exclude diagnostic results when an operation instruction is given.
Hereinafter, the third enbodi mrent of the present 25 invention will be

expl ained by referring to Fig. 10. A vachgnTsmﬁtchgear 100 includes a vacuum
valve 101 14 having an interruption and a di sconnection function and a
vacuum val veatdpgf an dindieriuni teni agdaaddbschnaes tiigindefundyioheandsal at or
20 having the grounded conductive paint 21 around. The vacuum val ve 101 has
t he di sconneacuum Faflyectliodh fan gheundoswhtghd nghanshflath faretinelded

mai nt enance and inspection person, it is desirable for it to have a

di agnosti ¢ byuntheodnkaod attlog AL thaw pne@stheegrohadesic mondat vevd Opaint
conposed of two insulating bushings 104 and 105 and the netallic container
12 at a 1021l ambungd.poTkat vakcuamd vstloresl Cbnhast theedtiscdandat 1dwe
respective insulating bushings. In the insulating bushing 104 on the |left of
t he draw ngfuactisad sbechraideto ldisuBe cohaeshfe tiyo fprcarteict or 112 via a
fixed conductor 111 and is connected to the bus by a bushing 113. On the

15 ot her hangint8nhheel asud aitrigie Gtsbh nget86n, aifti ¥ed ®&lectdlwle 34 is
connected to a conductor 116 via a fixed
to have a diagnostic function for the wvacuum 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
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
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conductor 115 and is connected to the |oad by a bushing 117. Further,
novi ng contacts 120 and 121 are respectively fixed to noving conductors 122
and 123 and 20 both novi ng conductors are connected by a conductor 124.
Nanely, in the vacuum swi tchgear 100, a current is supplied through the
route of the bushing 113, conductor 112, fixed conductor 111 ,, fixed

el ectrode 110, noving el ectrode 120, -mdwi mg conductor 122, conductor 124,
25 novi ng conductor 123, noving el ectrode 121, fixed electrode 114, fixed
conduct or bishigunduk? or Futhend 48 aboskhiglill 2.1 Fuatdend &hearc shield
119 around the contact electrode is used to prevent netallic particles
emtted froontectlebtcbdedat isi msedf tonmuewanwt mateliddapt partfiraddesadheri ng
to the inner surface of a 5 ceram c cylinder 118, thus the insul ation

per f or mancemis tept efinsom ethér ehedéredieoradt itnime Tdle topdtcthad 124 for
connecting the two noving conductors 120 and 121 is connected to an
operation naderifptien afcemaatheratigl ahk tiwnepesarfager oFf &6 is 10
connected to an insulating rod 127. The insulating rod 127 is driven by an

oper abi on @edamiisynDidéeramg, ithalsalthed imeiva €iieh!| peafid riag ontact

el ectrodes in the insulating bushings 104 and 105 nmake contact with or
separate fpgaveadedtiesm doteébebradibel.l ows 130 is 15 installed between the
operation rod 126 and the netallic

The 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 Y1, an off position Y2, and a disconnection
20 position Y3 and realize the interruption function 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 Y¥3.
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



container 12, so that they can operate by keeping the vacuumtightness. By
t he operation nechanism the noving electrodes 120 and 121 nove to three
positions of an on position Y1, an off position Y2, and a di sconnection 20
position Y3 and realize the interruption function by an operation between
the on position Y1 and the off position Y2 and the disconnection function
by an operation between the off positdid® ¥2 and the di sconnection position
Y3. On the other hand, the vacuum valve 102 for ground 25 switching is

conposed oftleiedt pwe t4&edacofrdaidtor CV4 3 ndermd¢dngt eotfidquitdxt at €4, 141 and
142 at both ends - 16 thereof, a fixed conductor 143, a noving conductor

144, and ard xe0f £keat e0detiébdeaand s damyi Homelvealyr edeckddaavich are fixed
to both conductors and these units are nmutually joined by brazing. The

NoVi Ng CONGuEtdd dAd, £ PxeH! Tod®dte At ¥A5Vand02helse GRNMNEStHLet0 a
connection conductor 149 for nutually connecting three phase parts.

Further, thg¢myi §60duat 8% 148 Zithg CORMRE el {10g 8aBoh AaEEBL A a0d 151 via
a netal fitting 150. The inSulating Tod 151 is driven by an operation 10

mecharj sm (Hpts A@We SERBLAME A 1St 4 £di § OcORRBCREa ¢l0%e the contact.
Further, the fixed conductor 143 is connected to the conductor 116

CEMTEC! €0 R} 6 3Rank . 11 4 g GEPUpIBp e ikogperation
phase parts. Further, the 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 is molded 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
the vacuum valves 101 and 102 and is arranged opposite to

20 the metallic container 12 of the vacuum 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. 1In 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



15 capacitor 152 for voltage neasurement is nolded and existence of a
voltage on the load side is discrimnated. The neasuring term nal 50 for
vacuum pressure diagnosis is nolded inside the insulator 20 together with

t he vacuum val ves 101 and 102 and is arranged opposite to 20 the netallic
container 12 of the vacuum valve 101. The neasuring term nal 50, through a
connection line 160, is connected to thk/pressure diagnostic device 51
simlar to that of Embodinment 1 or 2. In the netallic container 12 at a
floati ng padewmndl pobgnthalcernidiect | Whepaitite 2da@bumyyr puadesdrar diend t he

i nsul ator 20, the actual potential thereof is shifted fromthe system
potenti al Epeteribdeatéd gioudchrdot erd i Hhe spdevivhien etdbe ddawanitm pressure i s
deteriorated simlarly to the previous enbodi nent, electricity is

di schar ged dipdaeencibe ABi diGichatrdedrisetwden mehal hiad nc @nitrsuiet d2d and t he
potential of the 5 metallic container 12 rises up to the system potenti al
Ep, so thathe®mébelbasi soaftaliher i crdandl théspotehe iadetsd itheati on of the
vacuum pressure can be di agnosed. As nentioned above, even in the vacuum
swi t chgear idgal hayi 8gnthe ndirsamnnecséonuputet itdiv yhereimhpoiteauliatiorsR0 10
havi ng the grounded conductive paint 21 around is installed, a highly
reliable vagdlupn Rt esaUtBedba@RRSIdfC t1WEY i §6t6AD1AG irA%ledl ltatk easily.
According to the present invention, the inner

deterioration of the vacuum 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, so that a
vacuum pressure switchgear in which the deterioration
diagnostic device is simplified and the diagnostic

reliability is improved can be provided.

20
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pressure can be diagnosed by a potential rise of the 15 metallic container
at a floating potential, so that a vacuum pressure switchgear in which the
deterioration diagnostic device is sinplified and the diagnostic
reliability is inproved can be provided. 20 18 - WHAT IS CLAIMED IS: 1. A
vacuum sw tchgear conprising a netallic ontainer at a floating potenti al

a vacuum cont ai ner conposed of an insul% I ng bushing fixed to said netallic
5 container, and_at |east one pair of connectable electrodes in said vacuum
contai ner, WHAT IR SLASMER iR terminal for vacuum pressure diagnosis is
arranged opposite to said netallic container, and said nmetallic container
and sai d nmeasuring & ef3FRYN K LRGSR I5PRE 191 RGBSRl BedAlldfd a groundi ng

| ayer is installed on an outer peripheral part of said insulator, and said
groundi ng $2}eriRAE 84 @ FHHLAN MY ReteRhiplar @ VASHUR &PRErEReFical ly. 2.
A vacuum swi tchgear conprising a netallic 15 container at a floatin
potenti al , @NRRSEt e6nfd Adsuldid dushing fazgdattionFadHnekaliked to
said netallic container, and at | east one pair of connectable electrodes
in said vackemtzbhedi nand wied@assonre peinl pfccoonesitadrle s nol ded by an

i nsul ator, and a
electrodes in said vacuum container, wherein a measuring

terminal for vacuum pressure diagnosis is arranged
opposite to said metallic container, and said metallic
container and said measuring terminal are molded by an

10 insulator, and a grounding layer is installed on an outer
peripheral part of said insulator, and said grounding
layer and said measuring terminal are insulated
electrically.

2. A vacuum switchgear comprising a metallic

15 container at a floating potential, a vacuum container
composed of an insulating bushing fixed to said metallic
container, and at least one pair of connectable
electrodes in said vacuum container, wherein said
metallic container is molded by an insulator, and a

20 grounding layer is installed on an outer peripheral part
of said insulator excluding a part of area, and a
measuring terminal for vacuum pressure diagnosis is
arranged opposite to said one part of area of said outer
peripheral part of said insulator.

25 3. A vacuum switchgear according to either of Claims

1 and 2, further comprising a diagnostic devicge for



20 grounding layer is installed on an outer peripheral part of said

i nsul at or excluding a part of area, and a neasuring term nal for vacuum
pressure diagnosis is arranged opposite to said one part of area of said
outer peripheral part of said insulator. 25 3. A vacuum sw t chgear
according to either of Cains 1 and 2, further conprising a diagnostic
device for - 19 neasuring or continuoust¥y Tonitoring an AC voltage at a
system frequency generated at said nmeasuring termnal, wherein said

di agnost i c measeringhenm gowdlimrpugliyanonighcinghan AG waktade atl ae
occurs, decides it as a 5 vacuum defective. 4. A vacuum sw tchgear according
to any of cip$btemlfrequencyharegiarated attsaifgemeplisauning terminatul ator is
coated with conductive paint and said grounding layer is formed by

groundi ng seherebndsatidvdipgnustik) deviceacwbhensw tvollgese actse di ng to
Claim 3, wherein said diagnostic device, when no operation instruction is
gi ven to séigheruthaawat thgesholtasales acvakrbagdegddesatiod & sai d
measuring term nal and when a voltage rise higher than a threshold val ue
occursp decrdlesumt da@sective .vacuum defective.

4. A vacuum switchgear according to any of claims 1
to 3, wherein said outer periphery of said insulator is
coated with conductive paint and said grounding layer is
formed by grounding said conductive paint.

10 5. A vacuum switchgear according to Claim 3, wherein
said diagnostic device, when no operation instruction is
given to said vacuum switchgear, measures a voltage
generated at said measuring terminal and when a voltage
rise higher than a threshold value occurs, decides it as

15 a vacuum defective.



