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1 TITLE OF THE | NVENTI ON: VACUUM SW TCHGEAR AND A METHOD OF DI AGNCSI NG
VACUUM PRESSURE THEREOF FI ELD OF THE I NVENTION. 5 The present invention
relates to a vacuum swi tchgear having ja diagnosis function and a nethod of
di agnosi ng a vacuum pressure of a switch section. RELATED ART: 10 In
general , a vacuum swi tchgear perforns opening and closing of electrodes in
a vacuum vessel, and the pressure in the vacuum vessel (vacuum pressure)
may affect on a voltage withstanding perfornmance and interruption

charact et e o iyl AN L0 Yactd s PARMERR AR5 4 Ve £HOY o

representing a I'scharge characteristic In vacuum i.e. a relationship

bet ween wﬁﬂﬂ) '$ﬁ§§5 ol tage, wherein a vacuum
isolatiogﬁgg%ﬁﬁgﬁg?h |s@é'?lL 0 &ﬁgfﬁﬁﬁﬁﬁgan in the figure, the discharge

start voltage depends on the vacuum pressure, which nmeans the voltage
wi t hstanding 20 performance and interruption characteristics depend on the
vacuum pressure. Accordingly, the vacuum swi tchgear nust be periodically
di agnosed HddutOhorial § 1@hundness of the vacuum pressure so as to
guarantee the performance thereof. The diagnosis of the soundness of the
vacuuim pr essThe mfesef tihvenidonnrelmtehdena Vst ewitochdeareuavingppl yi ng
a 2

a diagnosis function and a method of diagnosing a wvacuum

pressure of a switch section.

RELATED ART:

10 In general, a vacuum-switchgear performs opening and
closing of electrodes in a vacuum vessel, and the pressure in
the vacuum vessel (vacuum pressure) may affect on a voltage
withstanding performance and interruption characteristics of
the switchgear. Fig. 4 shows a Paschen curve representing a

15 discharge characteristic invacuum, i.e. arelationship between
a pressure and a discharge start voltage, wherein a vacuum
isolation gap length is set to 5mm.

As shown in the figure, the discharge start voltage depends
on the vacuum pressure, which means the voltage withstanding

20 performance and interruption characteristics depend on the
vacuum pressure. Accordingly, the vacuum switchgear must be
periodically diagnosed about normality or soundness of the
vacuum pressure so as to guarantee the performance thereof.

The diagnosis of the soundness of the vacuum pressure of

25 the vacuum switchgear has been conducted by applying a
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predet erm ned hi gh voltage between the el ectrodes thereby to detect a
flashover. In this case the switchgear nust be power-cut at the tine of

di agnosis, and a high voltage power sgurce for applying the high voltage is
necessary. Thus, a cost 5 and |oad for diagnosis increases. In order to
avoid the cost increase for diagnosis it is desired to conduct the

di agnosis in service of the switchgear, i.e. without power cutting of the
switchgear. A switchgear that is capable of conducting the in-service
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potential, in which the nmeasurenent term.nal is nplded together with the
netal vesRWerrcyh dthdhenttdme &fddipgnosdgsupbRedt ighnyohfage BROW®ECcted to
a condenser one end of which is earthed. A voltage between the ends of the
condensersousce fiopaappl hingedres hafthavebbage disonegeshany prBust eancostl 20
threshol d voltage, and a warning |lanp, which is OVOFF by a relay contact

I n responsed thoad £ait pdiagiosihe toepeasdéor to thereby di agnose soundness of
the vacuum pressure. In the above-described switchgear, an operator who is

in charge of 1hherdéAgpesasoi@CORS E65t alticeOase M fdr R Sfoofst e 125
warning lanp at the time of periodic diagnosis to thereby
desired to conduct the diagnosis in service of the switchgear,
i.e. without power cutting of the switchgear. A switchgear thaf
is capable of conducting the in-service diagnosis is known in
10 patent document No. 1 (Japanese patent laid-open 2007-80549),
for example.

In the patent document No. 1, a switchgear is disclosed
wherein a measurement terminal for vacuum pressure diagnosis
is disposed in opposed relation with respect to a metal vessel

15 of a floating potential, in which the measurement terminal is
molded together with the metal vessel in an insulator, and the
measurement terminal is connected to a condenser one end of
which is earthed. A voltage between the ends of the condenser
is compared by means of a comparator with a predetermined

20 threshold voltage, and a warning lamp, which is ON/OFF by a relay
contact in response to an output of the comparator to thereby
diagnose soundness of the vacuum pressure.

In the above-described switchgear, an operator who is in

charge of the diagnosis recognizes and confirms ON/OFF of the

25 warning lamp at the time of periodic diagnosis to thereby
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3 diagnose the soundness of the vacuum pressure. |In secondary power

stations

swi tchgears are covered wth an outergcase,

| anps is

to light the warning lanps for a long tine,
shoul d be di agnosed. Since the warning | anps may be
order, degradation of vacuum pressure m ght

THE | NVE
functi on

sw t chgear s.

cl ose to consuners, which are installed on road shoul ders,

vacuum

chances of observing warning

once 5 in several years. Accordingly, if vacuum pressure degrades

soundness of the warning
damaged or out of
be over-1ooked. 10 SUMVARY OF

| anps

Lo BahE Vb Vo g s o e

as a vacuum pressure

di ' 1) i I d 15 ' (90).
Therof or o, L nEP SRS BRPRTRELe HOBE BLOCRd BERPE e PGP R HE® v acuum

I S necessary to_diagnose soundness of the diagnosis

I t
appar at ustR¢talted |on rRad SRABLARTF s YRAFUYR PYHEFhISATS aBFEi €9Veredt he
diagnosis is lost. Further, it is necessary to diagnose 20 whet her main
circuits withan outerhgases chanegs @f observinghwarming lanpsuissonce not in
cl ose position, and if such the status is not taken into consideration, the
resul t5 of i eevlrmdngeiays .shoobddbhaglyonif vdwmned pressiire deggadeisstof t he
power application status of the main circuits should be done before

10

15

20

25

light the warning lamps for a long time, soundness of the warning
lamps should be diagnosed. Since the warning lamps may be
damaged or out of order, degradation of vacuum pressure might

be over-looked.

SUMMARY OF THE INVENTION:

The vacuum switchgear having a vacuum pressure diagnosis
function disclosed in the patent document No. 1 has a vacuum
pressure diagnosis apparatus (51) is always connected to a
terminal (50). Therefore, the diagnosis apparatus must be
equipped to each of the vacuum switchgears.

It is necessary to diagnose soundness of the diagnosis
apparatus itself. If the diagnosis is out of order, reliability
of the diagnosis is lost. Further, it is necessary to diagnose
whether main circuits of the switchgears are on or off. If the
main circuits are not in close position, and if such the status
is not taken into consideration, the result of the diagnosis
should be wrong. Therefore, the diagnosis of the power
application status of the main circuits should be done before

the diagnosis of the vacuum pressure.
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25 the diagnosis of the vacuum pressure. 4 Accordingly, fromthe viewoint
of fail-safe, it was necessary to dispose a reversible circuit in the
technol ogy disclosed in the patent docunment No. 1, which makes the circuit
ON when the signal potential is sound or OFF when the signal 5 potential is
not sound, or to dispose another circuit/tool for diagnosing the warning

| anp. As a result, the structure thereof becane conplicated and its cost
increased. The present invention ains at providing a smﬁtchgear that is

capabl e of perform.n di agnosi.s_of ,sou 1Q .di aghosi ng
appar at us forA98858ﬁgﬁi¥ 5%8 genﬁﬁﬁwPPFB g % 9h§a%®|t&ﬁg¥ as well as
soundness of vacuum pressure of a netal _vessel. The present invention also
ai ns at pP@??ﬁﬁﬂﬁYatﬁe@hﬁﬂosﬁfadF8§ﬁ§§thev§éﬁﬁﬁiErégsEPG teghnpdog¥pabl e of
easily perform ng diagnosis of vacuum pressure of the vacuum 15 sw t chgear
wi t h i ncr éasedosediigbithet pateme dogpaentoNot He, phdshnmakes diite charpnddi des a
vacuum sw tchgear conprising: a casing (1); a vacuumsw tch (100), encl osed
in the cadNnghén)the (s tgmal ipdtentaialketisd sceasklorc OFET etheni theasighad

i nsulator (20), the surface of the insulator being covered with a

condudd i VgoteAay a1 (#el hoitosbénaarded, daspake aiotmyrlieRliagtiderapd a

fixed electrode to constitute a main circuit, enclosed in the
diagnosing the warning lamp. As a result, the structure thereof
became complicated and its cost increased.
The present invention aims at providing a switchgear that
is capable of performing easily diagnosis of soundness of a

10 diagnosing apparatus for vacuum pressure and main circuits of
the switchgear as well as soundness of vacuum pressure of a metal
vessel. The present invention also aims at providing a method
of diagnosing vacuum pressure that is capable of easily
performing diagnosis of vacuum pressure of the vacuum

15 switchgear with increased reliability.

One aspect of the present invention provides a vacuum
switchgear comprising:

a casing (1);

a vacuum switch (100), enclosed in the casing (1),

20 comprising a metal vessel covered with a solid insulator (20),
the surface of the insulator being covered with a conductive
layer (21) to be earthed, a pair of movable electrode and a
fixed electrode to constitute a main circuit, enclosed in the
metal vessel;

25 a first condenser (1005) connected to the terminal (50)



metal vessel; 25 a first condenser (1005) connected to the termnal (50) 5
on the solid insulator (21), wherein a first connecting neans (1006)
connected to one end of a condenser (1005), which is connected to a
termnal (50) for 5 detecting a voltage of the netal vessel (12); a second
connecting means (1003) connected to one end of the second condenser (152)
by means of a third condenser such as a coupling condenser (1001); the
first electric connection neans (1006) and the second 10 connecting neans

(1003) are di eossecgillé) ﬁgﬁlf&%f‘%ﬁﬁ the first connecting neans and
el

second connec I'hg means ng sel Vely acceptable to one voltage

I ndi cat or éZOOQQb that indicates statuses of vacuum pressure of the netal
vessel , plication of the main circuit and soundness of the 15

vol tage indicator. Another aspect of the present invention further provi des
a vacuum swi t 8hgbeFt GRS hiRGhdeAnS é&QOGQdFEBPSPtPQ taeng it ©ff fom t he
first and second connecting neans. A still another aspect of the present

i nvent i on csnidensexn (l@0Her which des canpgcked tehiackermingdr (88npfozes a
second connecting neans (1006) disposed to the casing (1),and a second
condenser delfedtioge a v ldfagehiofh the otredctvessded a12) ;

a second connecting means (1003) connected to one end of
the second condenser (152) by means of a third condenser such
as a coupling condenser (1001);
the first electric connection means (1006) and the second
10 connecting means (1003) are disposed to the casing (1), the
first connecting means and second connecting means
being selectively acceptable to one voltage indicator (2000)
that indicates statuses of vacuum pressure of the metal vessel,
power application of the main circuit and soundness of the
15 voltage indicator.
Another aspect of the present invention further provides
a vacuum switchgear, wherein the voltage indicator is
detachable from the first and second connecting means.
A still another aspect of the present invention still
20 further provides a vacuum, which further comprises a second
connecting means (1006) disposed to the casing (1),and
a second condenser (152) one end of which is connected to a
load side conductor (116), and the other is connected to a third
condenser (1001), the other end of the second condenser being

25 connected to the second connecting means to which the



| oad side conductor (116), and the other is connected to a third condenser
(1001), the other end of the second condenser being 25 connected to the
second connecting nmeans to which the 65 voltage indicator is connected. A
still another aspect of the present invention provides a vacuum sw tchgear,
wherein the voltage indicator is connectable and detachable to and fromthe
first connecting 5 nmeans and the second connecting neans. A further aspect
of the present invention further provides a vacuum sw tchgear wherein an

operating_val e.%%hg %h é%% isndi cat or neets the follow ng
relation,Vo §r§%VQ = %ko 3§sc§% +2fﬁ55), Co is a static capacitance
bet ween a 10 terni.nal §5 % and the, netal. vessel (12 and C1005 g a static
oapact tance oft S 1daphochst 5poes oF dhe GERREnt FhypRton Brovidef i ner
aspect of the present invention provides a nethod of djiagnosis of a vacuum
pressure ith VRO fikehaqan.g yhegrein sthe ol hade it T (3H0) conpri sing
the metal vessel, covered wth a solid insulator, thg surface of_mhich S
cover ed wiadnneciamdand detachablel to ande fxam b, farsteaennacping of
novabl e electrode and a fixed electrode, enclosed in the netal vessel; a
first ccondeseamey dnd0He ot exbrinedting evedm=m! (50) on the 20 solid
I nsulator and a first connecting neans (1003) disposed to a casing
accormmmodat i ngatfier et adpevwitt 6ha9R pré8Bht Bnv&@eOIvh further provides
a vacuum switchgear wherein an operating voltage (v) of the
voltage indicator meets the following relation, where V, = V/
Jr3X(b/(Co+Cnm5), Co is a static capacitance between a
10 terminal (50) and the metal vessel (12), and Cipo5 1S a static
capacitance of the capacitor (1005),
(Ciro0s) /Co) ={(V/4 3)-v/v}.
A further aspect of the present invention provides a method
of diagnosis of a vacuum pressure in a vacuum vessel (12) of
15 a vacuum switchgear (100) comprising the metal vessel, covered
with a solid insulator, the surface of which is covered with
a conductive layer (21)to be earthed, at least a pair of movable
electrode and a fixed electrode, enclosed in the metal vessel;
a first condenser (1005) connected to the terminal (50) on the
20 so0lid insulator and a first connecting means (1003) disposed
to a casing accommodating the vacuum switchgear (100); a second
condenser (152) connected to a load side conductor (116); and
a second connecting means (1006) disposed to the casing

(1), wherein

25 connecting a voltage indicator (2000) to a first electric



condenser (152) connected to a | oad side conductor (116) ; and a second
connecting neans (1006) disposed to the casing (1), wherein 25 connecting a
vol tage indicator (2000) to a first elgctric 7 connecting nmeans (1003)

di sposed to a casing (1) of the vacuum sw tchgear (12), the first
connecting neans (1003) being connected to one end of a first condenser
(1005), the other being connected to a termnal (50) formed on an insul ator
(20) 5 fornmed on the vacuum vessel (12), wherein the voltage indicator

i ndi cate L eglh | Lhits the

vacuum proculie 6 pRlels 18000 1e1op85La G ATERG Mo DBV D1 Fik rBE 1
f_t | based t he indj ' f th | t

! ndi oat orS VTGt L AL peHiS of LT FROMERTTHVBT Bt 00 her provi des &

met hod of_ dj agnosi s of .the vacuun1smﬁtchgear, wherein_prior _to connecting

the vol t RRIThEPRALGLeAponetand At & 158t CondsdsSThhl ARANs TREOREST t he

vol tage indicator is connected to a second connecting nmeans (1003), which
15 i s corPrn@¢onpestedesada daradnadr (6032foxmedcan an insulpsay (20 He
conductor (116) and a third condenser (1001) to be earthed, whereby the
st at us offdimedranntlte vaguumvessel siliz)chygbarein thendioddage tmdideteol t age
I ndicator; and if the voltage indicator shows the main circuit is ON, the
20 vol t agendichted @ viod tagenechedst of tiree firsit ebaaktitdngoneanki tigat
exhibits the vacuum pressure of the vacuum vessel; and
judging the soundness of the vacuum pressure of the vacuum
vessel based on the indication of the voltage indicator.
10 Another aspect of the present invention further provides
a method of diagnosis of the vacuum switchgear, wherein prior
to connecting the voltage indicator (2000) to the first
connecting means (1006), the voltage indicator is
connected to a second connecting means (1003), which
15 is connected to a second condenser (152) connected to a load
side conductor (116) and a third condenser (1001) to be earthegd,
whereby the status of the main circuit of the switchgear is
indicated on the voltage indicator; and
if the voltage indicator shows the main circuit is ON, the
20 voltage indicator is connected to the first electric connecting
means to carry out the diagnosis of the vacuum pressure.
A still another aspect of the present invention still
further provides a method of diagnosis, wherein if the voltage

indicator shows that the main switch is not ON, position of

25 the movable electrode of the vacuum switchgear is checked if



means to carry out the diagnosis of the vacuum pressure. A still another
aspect of the present invention still further provides a nethod of

di agnosi s, wherein if the voltage indgcator shows that the main switch is
not ON, position of 25 the novable el ectrode of the vacuum swi tchgear is
checked if 8 it is not ON, the novable electrode is operated to be cl osed,
and if the voltage indicator shows the main circuit is O\, the voltage
indicator is connected to the first connecting neans. A still further aspect

of the present inyenti rovi_des a,nethod of diagnosis, wherein if the
movabl e eldearonat Ny b aVsETs slePrFBheohs Tret AR HT RgoCEREP Rt or
shows the majn_circuit is not ON, it is judged that the, vo]tage indicator
is in outdnt 1§, Hae .VOM&%ELDQQLBEEP%‘FNP%% temgdn FHUCRLE G Llf-t R
provides 10 a nethod of diagnosis, wherein an operating voltage (v) of the
vol t age i ldaas ipddcatoRels amEaied Erathefingleconyectipg means.

f 3XCo/ (Co+Clo05), Co is a static capacitance between a term nal (50) and the
metal vessel (12)stiahd fOidder aspestaifi thecapasen tinyenft itdmeprapadesor
(1005), 15 (Cloo05) /Co) 5 ((VM,r3) - v/ v ) . According to the enbodi nents
of the preseaeithodventdagnddies, dhagedsi 3 fothé htovatslel e lyasvde igainbe

carried out easily because the diagnosis is done by observing the voltage
i ndi cat or s kaVvised pasREiSHANA@S L ERR 961 PEGEEIRdi ¥t SP SHWLRhe main
circuit is not ON, it is judged that the voltage indicator is
in out of order.

Another aspect of the present invention further provides

10 a method of diagnosis, wherein an operating voltage (v) of the
voltage indicator meets the following relation, where V, = V/
JFBXCb/(Co+C1w5), Co is a static capacitance between a
terminal(50) and the metal vessel (12), and Cigs is a static
capacitance of the capacitor (1005),

15 (Cio005) /Co) ={(V/4 3)-v/v}.

According to the embodiments of the present invention, the
diagnosis of the vacuum pressure can be carried out easily
because the diagnosis is done by observing the voltage
indicators having lamps such as LEDs or buzzers, which are on

20 the market. The voltage indicators are electrically connected
to an connecting means such as connecting plugs
disposed to the casing of the switchgear. That is, the diagnosis
of the present invention does not need specific circuits or

devices that are used in the patent document No. 1.

25 Further, the diagnosis of the present invention can be



20 the market. The voltage indicators are electrically connected to an
connecti ng neans such as connecting plugs disposed to the casing of the
switchgear. That is, the diagnosis ofgthe present invention does not need
specific circuits or devices that are used in the patent document No. 1. 25
Further, the diagnosis of the present invention can be 9 conducted with a
high reliability because the diagnosis can be «carried out after
confirmation of the ON state of the main circuit of the smﬁtchgear or after

i agnosi el aldfe O4ALh: 0 J413 AT & bEUEL LAY One%r{%ﬁfe Ja0pgs ©

circult t dragnosis o vacuum pressure 1 s ol'tage

i ndi b h BRI EF. DESCRI PTI ON E DRAW NGS:
o O3 ik fea Gt 308 B fE %faé’gww FE0E O SRR, OF 1 Bhe many

enbodi ment . of the present invention. Fi 2 is a detailed cross sectlonal
view of ackhFuth SedihoPwidicharar @it r ddRGRRSHS PEgthe OF;gtakejs 3
fl ow chart showi ng a nethod of diagnosis of vacuum pressure of the present
i nvent i onef 1Bheimain chooriPadshed aurirnenodiagneeiatcbhchip bReween
vacuum pressure and a discharge start voltage. In the drawi ngs the reference
nuner @ s @iagndsisacfiubhewacihygreapre@sucrasisgdofe byetbéei voltagéani sm 4,
bus bar, 5; cable, 12; netal vessel, 20; solid insulator,

indicator, i.e. by a two step method.

BRIEF DESCRIPTION OF THE DRAWINGS:
Fig. 1 shows a side cross sectional view of a switchgear
10 of an embodiment of the present invention.
Fig. 2 is a detailed cross sectional view of a switch section
of the switchgear shown in Fig. 1.
Fig. 3 is a flow chart showing a method of diagnosis of
vacuum pressure of the present invention.
15 Fig. 4 shows Paschen curve showing relationship between
vacuum pressure and a discharge start voltage.
In the drawings the reference numerals are:
1; vacuum switchgear, 2; casing, 3; operation mechanism,
4; bus bar, 5; cable, 12; metal vessel, 20; solid insulator,
20 50; terminal, 100; switch section, 101, 102, vacuum bulbs, 110,
114; fixed electrodes, 111, 115, 143; fixed conductor, 112;bus
bar side conductor, 116; load side conductor, 117; bushing, 118,
140; ceramic cylinders, 119; arc shield, 120, 121,146; movable
electrodes, 122, 123, 144; movable electrode conductors, 124,

25 149; electric connecting conductor, 125; ceramic rod, 126;



20 50; termnal, 100; switch section, 101, 102, vacuum bul bs, 110, 114,
fixed el ectrodes, 111, 115, 143; fixed conductor, 112; bus bar side
conductor, 116; load side conductor, X7, bushing, 118, 140; ceramic
cylinders, 119; arc shield, 120, 121,146; novable electrodes, 122, 123,
144; novabl e el ectrode conductors, 124, 25 149; electric connecting
conductor, 125; ceramc rod, 126; 10 operating rod, 127, 151; insulating
rods, 130, 148; bellows, 141,142; term nal plates, 150; metal connector,

152 vol sgerafiehcrban eondepser (seasadhfgndsaserisolda; yeliag

det ecti on coupl1ng condenser con f ront pane?'of t he

casing, 1003, 1 1006ic sh o6k | £ODCCHIN0 g oAUy 0, 109Z, comabal cabl es.

1005; vacuunt pressure S1 &8 conderfser, dge~ind

DETAI LED S PTI ON THE PREFERRED ENMBODI MVENTS: In the follow n
obodi morSE LSO HHER P RRARR S bR CORT.PRASHEC £ 1000a BYLFaoEr ence 1o Fi gs.

1 to 4. As shown in Figs. 1 and_2, a vacuumsw tchgear 1 conprises a swtch
section 186teakioncFauPhingecpRALRHES fB?lﬁﬁe?@P@ﬂgseépeci?ggésfﬁPthe
switch section 100. The operating nechanism 15 3 is di sposed above the

swi t cl® sepaneh ofgthe galsdnghat00B cdAfécteleclimia hennectdnopliugsh 1604,
supplying electric power to the switch section 100, a cable 5 for supplying
el ectric pooRf coaxdalocables 0 0050nwddeuny pressuseididygrdil s aoddansasi ng 2
encasi ng the above conponents.

2000; voltage indicator.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS:

10 In the following embodiment of the present invention will
be explained by reference to Figs. 1 to 4.

As shown in Figs. 1 and 2, a vacuum switchgear 1 comprises
a switch section 100, an operating mechanism 3 for operating
electrodes of the switch section 100. The operating mechanism

15 3 is disposed above the switch section 100, a bus bar 4 connected
to the vacuum switch for supplying electric power to the switch
section 100, a cable 5 for supplying electric power to a load
side from the vacuum switch 100, and a casing 2 encasing the
above components.

20 The switch section 100 comprises a vacuum bulb 101 for a
circuit breaker and a disconnector, a vacuum bulb 102 for an
earth switch, a conductor 112 for connecting the wvacuum bulb
101 and a bus bar 4, a bushing 113 for connecting the conductor
112 and the bus bar 4, a conductor 116 for connecting the vacuum

25 bulb 101 and the cable 5, a second condenser 152 for detecting
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20 The switch section 100 conprises a vacuum bulb 101 for a «circuit breaker
and a di sconnector, a vacuum bulb 102 for an earth switch, a conductor 112
for connecting the vacuumbulb 101 an@ a bus bar 4, a bushing 113 for
connecting the conductor 112 and the bus bar 4, a conductor 116 for
connecting the vacuum 25 bulb 101 and the cable 5, a second condenser 152
for detecting 11 voltage, a coupling condenser 1001 for detecting voltage,
and a condenser 1005 for diagnosi ng vacuum pressure of the vacuum bulb

101 The 544§ ehe SSPLIRIA LSy esga%dl'ggﬂth& PN, R A"

condenser NosiTng vacudm pressure cuam 12 and a
condenser se%%ﬂélfordgH§9203|ag a_status nmain circ % of the switch
section 18¢°° Toh 811 3gn8ﬁan$5§a%P¥F%9ﬁﬁﬁ§H¥ﬁiq he ¥BRHECL i ng
means 1003 or 1006 disposed to the front panel 1002 of the casing, as shown
in Fig. B8lR 1Qlyo|tage indicator 2000 is connected to the first
connecting nmeans 1006 or second connecting neans 1003. The voltage
i ndi cator is Theaisebteh geattiondPRels @nog@edORn thewrading Jr sdgbyher
Kri es- Energi etechnik GrbH & Co.), for exanple. 15 The voltage indicator may
I ndi caét e whehsaatendénséer 1005 £orcdiadgnasiihgrvaaaumnppessaneeosf thbe net al
vessel by light (lanmps) or sound, etc. The first condenser is connected to
the secongag@ifesdds¥l 12 and a condenser second for diagnosing a status
of amain circuit of the switch section 100. The condensers 1005
and 152 are connected to an connecting means 1003 or 1006
disposed to the front panel 1002 of the casing, as shown in Fig.
10 1.
A voltage indicator 2000 is connected to the first
connecting means 1006 or second connecting means 1003. The
voltage indicator is available on the market as VOISOR+
(manufactured by Kries-Energietechnik GmbH & Co. ), for example.
15 The voltage indicator may indicate the state of the main circuit
and/or vacuum pressure of the metal vessel by light (lamps) or
sound, etc.
The first condenser is connected to the second connecting
means 1003 when the diagnosis of the main circuit of the vacuum
20 switch is conducted. Normally, the diagnosis of themain circuit
is done prior to the diagnosis of the vacuum pressure.
The vacuum bulb 101 disposed in the switch section 100 and
having interruption and disconnection characteristics

comprises a metal vessel 12 in float potential, two pairs of

25 fixed electrodes 110, 114 and movable electrodes 120, 121
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means 1003 when the diagnosis of the main circuit of the vacuum 20 swtch

I s conducted. Normally, the diagnosis of the main circuit 1is done prior to
t he di agnosis of the vacuum pressure. ;Lhe vacuum bul b 101 di sposed in the
switch section 100 and having interruption and di sconnection
characteristics conprises a netal vessel 12 in float potential, two pairs
of 25 fixed electrodes 110, 114 and novabl e el ectrodes 120, 121 12 di sposed
in the netal vessel 12 and in opposite relation. The fixed electrode 110 is

supported.b end .of - fi onguct or. 111. The npvahle elegirode 120
S suppor?%%pﬁég%ﬁgltgﬁﬁbgga%héggﬁegb?gigggdﬁhpgpofigf gﬁggFﬁQHOtﬁé? end of
the novabl e 5.copductor 1 I s connected.to a connectipg, conductor 124. The
fi xed eIe%%*%%ee£ﬂ9t¥%é§uﬁ%%r%%dsﬁgp%ﬁge%nﬁyo?n?h%n i?gdthﬁoﬁﬂﬁﬁ or 115 and
the other end of the fixed conductor 115 is connected to the conductor 116.
An arc shferdugyerklly (Bhgydpvatkthekard maded 29 d&t sypporigdiby and t he
novabl e el ectrode 120 to prevent netal particles emtted fromthe

el ect r odeen@pfttiee mpuabde donduatiqn 133, anghntheditberendofitthe moviebléace of
the ceram c cylinders, the arc shield 119 bei ng sandw ched between ceramc
cyl i nder scddducser rimhdisngohhecekdct o cal esonnEet ioon wetidued caxoaddct Phe 124 i s
15 connected to an operating rod 126 by neans of a ceramc rod 125. A

bel l ows 180xé8 &isPes6de PEINCLY ShFpOPEEALHYIoRi@TeddbofNEhé heix8Bt al vessel
12 so as to operate the operating nmechani sm 3,

conductor 115 and the other end of the fixed conductor 115 is
connected to the conductor 116.
An arc shield 119 is arranged around the fixed electrode
10 110 and the movable electrode 120 to prevent metal particles
emitted from the electrodes at the time of interruption from
adhesion on the inner face of the ceramic cylinders, the arc
shield 119 being sandwiched between ceramic cylinders 118
surrounding the electrodes. The connecting conductor 124 is
15 connected to an operating rod 126 by means of a ceramic rod 125.
A bellows 130 is disposed between the operating rod 126 and the
metal vessel 12 so as to operate the operating mechanism 3,
keeping a vacuum condition of the switch section 100. The
operating rod 126 extrudes from the metal vessel 120f the switch
20 section 101, and an end of the operating rod 126 located at the
opposite position with respect to the ceramic rod 125 is
supported by the insulating rod 127 and connected to the
operating mechanism 3.
As shown in Fig. 2, the terminal 50 for diagnosis of the

25 vacuum pressure is molded in integral with the solid insulator



|

keepi ng a vacuum condition of the switch section 100. The operating rod 126
extrudes fromthe nmetal vessel 12of the switch 20 section 101, and an end of
the operating rod 126 | ocated at the ]%pposite position with respect to the

ceramic rod 125 is supported by the i'nsulating rod 127 and connected to the
operating nechanism3. As shown in Fig. 2, the termnal 50 for diagnosis of

the 25 vacuum pressure is nolded in integral wth the solid insulator 13

20 on the netal vessel 12 to thereby electrically insulate the netal vessel

12 of the cu bul 01 fr t termnal 50. . The term.nal, 50 is di sposed
ot o de Ui e hip ol Hed 46012 50 EROLERY epqrrltal Y Trifaat? bhe T, 5P
solid insulator 20 has 5 cqQnducti ve coati 21 on its surface, and the
coat i g BePAl aveseal 117 Xk S s, dRdn 191° 2.8 khe; RarmE8a1,80¢ ne
conductive coating 21 are electrically insulated fromeach other. On the

ot her hanfhetHErmimatP0dFpdisposed A side REshhedretabifrsstls 12napfsul ati ng
ceram c cylinder 140 surrounding the 10 fixed el ectrode 145 and the novabl e
el ect r odeoppésedetd ovtre B alarvkessmInilial Theatsed i1 insudatiogc 20etasat abot h
ends of the ceramc cylinder. The novabl e el ectrode 146 opposed to the

fixed 5 el echdadeidd coathind i2iednel estgurtfadels and shppesaeindyisia and of
the fi xed conductor 143, one end of which is connected to 15 a conduct or

116. The gp¥eRigd1Afald1089 é&kﬁtﬂﬁu_ﬁ.umerﬁ@ﬂnﬂyap% af@d 1Y cbhauarydb! e
conductor 144, which is supported by the
coating 21 are electrically insulated from each other.
On the other hand, the vacuum bulb 102 for an earth switch
comprises an insulating ceramic cylinder 140 surrounding the
10 fixed electrode 145 and the movable electrode 146, bellows 148,
and terminal plates 141, 142 located at both ends of the ceramic
cylinder. The movable electrode 146 opposed to the fixed
electrode 145. The fixed electrode 145 is supported by one end
of the fixed conductor 143, one end of which is connected to
15 a conductor 116. The movable electrode 146 is supported by one
end of the movable conductor 144, which is supported by the
terminal plate 141 by means of the bellows 148. Part of the
movable conductor 144 extrudes outwardly in the axial direction
from the ceramic cylinder 140 and the terminal plates 141, 142.
20 The bellows 148 follows the movement of the movable
conductor 144, and the bellows 148 can air-tightly seal the
space between the movable conductor 144 and the terminal plate
141. The end of the movable conductor 144, which is opposite

to the end supported by the movable electrode 146 is connected

25 to a connecting conductor 149, which is earthed, and the



termnal plate 141 by neans of the bellows 148. Part of the novable
conductor 144 extrudes outwardly in the axial direction fromthe ceramc
cylinder 140 and the termnal plates 141, 142. 20 The bellows 148 fol | ows

t he novenent of the novable conductor 144, and the bellows 148 can
air-tightly seal the space between the novable conductor 144 and the
termnal plate 141. The end of the novable conductor 144, which is opposite
to the end supported by the novable el ectrode 146 is connected 25 to a

connect | ngoRROEVEH S cdriRicll Thol o ELSRde FE Uie A4y 80RRESLRY sqonduct or

149, is connec 0 an 1 nsul ating means o 150.
The insulating rod 151 is opnect to ,.an operating mechanj 3. at its
upper par Y %gﬁPﬁhO%t8nﬂ8F3§uE8°io?g8r téhﬁkéh?é&?: H@H?si$ﬂ1}%e vacuum
bul b 102 5 are bonded in a vacuum furnace. One end of the voltage detecting
condenser c¥8BeChAd P @ OBREBLiPE Meraishd *brdec tPRerPRFE- doRddBt or 116,
Is connected to one end of a voltage detecting coupling condenser 1001, and
t he ot her tempesatune solder hpndsnibaseermp@ueants igaithredacdan GaniiedO2ng pl ugs
1003 and 1006 to which a voltage indicator 2000 is electrically connected

are dispoaed bonfied inoat vpanain fhPfidcef the casing 2. The voltage indicator
2000, which is a plug in type, indicates the status of voltage application

of the U V, oesshBchestié ety [dddtinly donddsed 11978 Whi¥h iz W
switches are ON, the voltage indicator 2000 indicates the
opposite to the end connected to the conductor 116, is connected
to one end of a voltage detecting coupling condenser 1001, and
the other end of the coupling condenser 1001 is earthed.
10 Connecting plugs 1003 and 1006 to which a voltage indicator
2000 is electrically connected are disposed in the front panel
1002 of the casing 2. The voltage indicator 2000, which is a
plug in type, indicates the status of voltage application of
the U, V, W switches of the switchgear 1. If all of the U, V,
15 W switches are ON, the voltage indicator 2000 indicates the
three switches are ON. If one or more of the switches are not
ON, the indicator indicates one or more of the switches are OFF.
According to this indication, the status of the power
application of the switches is recognized. The voltage
20 indicator 2000 may be equipped with LEDs, etc, which indicate
information on the status. The voltage indicator 2000 can be
detached from the connecting plugs 1003, 1006.
The connecting plug 1003 is connected to both ends of the

coupling condenser 1001 by means of a co-axial cable 1004 to

25 apply the voltage of the coupling condenser 1001 to the



three swtches are ON. If one or nore of the switches are not ON, the

I ndi cator indicates one or nore of the switches are OFF. According to this
i ndication, the status of the power agglication of the switches is

recogni zed. The vol tage 20 i ndicator 00 may be equi pped with LEDs, etc,
which indicate information on the status. The voltage indicator 2000 can be
detached fromthe connecting plugs 1003, 1006. The connecting plug 1003 is
connected to both ends of the coupling condenser 1001 by neans of a

co axi al gg“%gégg réf%ﬁiﬁbquly the voltage of the coupling condenser 1001

to the 15°CCORNECTT 03. The connectlng pl ug 1006 is used for
connecting the voltage _indi ect and [ndicate a status of
vacuum pressurie FﬂnﬁﬁgtﬁﬁgdﬁﬂV%igég uﬁ?g & EPNREC Sﬁ%%% lg?$evacuun15
of one of the nmetal vessels of the switches | eaks to hi her a vacuum
pressure 1RA1FRLRIZI0Q L dfeters g gindisatalR prakes ‘Pf'n Yaeuam t ch
section 100 because of the presence of air therein so that a voltage of the
met al vespeé¢ssume dasthe mehglwesseiel 2iofdtbatlor V20D9wihdhest df vaeugmat us of
the vacuumin the netal 10 vessels based on the voltage of the netal vessel.
Accor di ngbf/,oné o vheumetalavessehs df tieagwitethdsy lelaks ndi haghen an t he

I ndi cator 2000. In this specification, the voltage indicator 2000 was used

:':1: ?m YggéwmmW@ﬁaeamthé hetal Reds )l f @i sEnadiyes mayotaKacplaedr essure
in the switch section 100 because of the presence of air therein
so that a voltage of the metal vessel increases. The voltage
indicator 2000 indicates the status of the vacuum in the metal

10 vessels based on the voltage of the metal vessel. Accordingly,
the vacuum status can be diagnosed by the indication on the
indicator 2000. In this specification, the voltage indicator
2000 was used as a vacuum diagnosis means.

A terminal 50 for diagnosis of vacuum pressure is molded

15 in the solid insulator 20 such as epoxy resin is located outside
of the metal vessel 12. The solid insulator 20 electrically
separates terminal 50 from the metal vessel 12. The terminal
50 is connected to a vacuum diagnosis condenser 1005 one end
of which is earthed. The both ends of the condenser 1005 are

20 connected to the connecting plug 1003 by means of a co-axial
cable 1007. The potential of the first condenser 1005 is applied
to the connecting plug 1003.

Next, Open-closing mechanism of the earth switch vacuum

bulb 101 disposed in the switch section 100 will be explained.

25 Upon the up and down movement of the insulating rod 151 operated



15 in the solid insulator 20 such as epoxy resin is |located outside of the
nmetal vessel 12. The solid insulator 20 electrically separates termnal 50
fromthe metal vessel 12. The term nal;z 50 is connected to a vacuum

di agnosi s condenser 1005 one end of mﬁich is earthed. The both ends of the
condenser 1005 are 20 connected to the connecting plug 1003 by neans of a
co-axial cable 1007. The potential of the first condenser 1005 is applied
to the connecting plug 1003. Next, Open-closing nechanismof the earth

swi tch Vgﬁ}’% %g%ga{gégg%égﬁgﬁgsﬂn%t %é%%%%g%f%h%@r%ﬁgg‘.’\fnbbeg §J115 1

expl ai ne on t own hovenent 0O I nsu ing ro
ted 16 th ti hani 3, th bl d
and down T8 AP, g8 GReRaREoBPRG BIBPARPCHPGF RO RCT T FROHPS of LETY ode 145,

One end of_ the fixed conductor 143 connects to _ the conductor 116. Since the
connect i rRLRIFARG dASr49neserdrehedhe fixqd somdyncder: hdd cpPBREErSstPg of the
vacuum bul b 101. Current flow in the switch section 100 and operation
mechani snlge gphfupgtoryddl tai Hiuce theheonnecbinaggonduedion t4Hdweearthedn t he bus
bar 4 is supplied to bushing 113 - conductor 112 - fixed conductor 111 -

fi xedbsel extkamte ilsl Rartiedbiporeldcdsiode d I vacmwa el e ohellict or 122 -
connecting conductor 124 - novable conductor 123 - novabl e el ectrode 121 -

fixed el ectrocierdddt - £1owerh coneuswDtcl 18ect LONALEO 0dind 16perdtisbnng 117, and
the electric power is supplied to the |oad side by neans of cable
mechanism 3 will be explained in the following. Electric power
from the bus bar 4 is supplied to bushing 113 - conductor 112
- fixed conductor 111 - fixed electrode 110 - movable electrode

10 120 - movable conductor 122 - connecting conductor 124 - movable
conductor 123 - movable electrode 121 - fixed electrode 114 -
fixed conductor 115 - conductor 116 - bushing 117, and the
electric power is supplied to the load side by means of cable
5.

15 The operating mechanism 3 drives the insulating rod 127
up and down, the movable electrodes 120, 121 moves to three
positions to form close position YO, open position Y1 and
disconnection position Y2 with the fixed electrodes 110, 114.
The movement from the close position YO0 to open position Y1

20 performs an interruption function and the movement £from the open
position to the disconnection position Y2 performs a
disconnection function.

In the following the diagnosis of vacuum pressure of the

metal vessel 12 will be explained by reference to Fig. 3, as

25 well as Figs. 1 and 2.



!

5. 15 The operating nechanism 3 drives the insulating rod 127 wup and down,
t he novabl e el ectrodes 120, 121 nobves to three positions to formclose
position YO, open position Yl and disgonnection position Y2 with the fixed
el ectrodes 110, 114. The novenent fromthe close position YO to open
position Y1 20 perfornms an interruption function and the novenent fromthe
open position to the disconnection position Y2 perfornms a disconnection
function. In the follow ng the diagnosis of vacuum pressure of the netal

vessel 12 will be.explained by.reference to Fig. .3, as .25 | as . Figs. 1
and 2 17 A FLERR A IRORRY G Fof LR et slimtdethort ont RbenBRtR G r cui ¢
of the switches is_conducted. The voltage indicator 2000 is connected to
the conne€iFRglhl e HRRSHEIHEDHH .cqﬂﬁﬂ’rﬁ:tqq"re dBRayeLsaIe1snficakory

potential between the voltage 5 detecting condenser 152 and the voltage

det ect i ng2@0upis sgnnecigdnsertheErnnecidng rPilydal Padt(sier @00dgeWhen which
Is represented as follows. V1= V/T3XC152/C152+C1001) In the above equati on,
t he partithepocorductdr\Vilbsia PNodacpotédtval abetweenf thesvaltageapacitance
Cl152 of the second condenser 152 to the total capacitance of the

capacig anget&€dbingf coh@ensendepseand 5ehendodt agpadeta8ocengloOidpdinghe third

condenser 1001
condenser 1001 is equal to a partial voltage V1, which is
represented as follows.
V1= V/+ 3XCi52/Ci52+Cio01)
In the above equation, the partial potential V1 is a product
10 of a rate of a static capacitance C;s; of the second condenser
152 to the total capacitance of the capacitance C;s; of the
condenser 152 and a capacitance Ci;g01 of the third condenser 1001
and the earth voltage V/Jr3. Accordingly, if a voltage
proportional to V; is applied to the connecting plug 1003, the
15 voltage indicator 2000 indicates that the main circuit is ON,
and as a result, the voltage indicator 2000 is judged as sound
(step 204).
On the other hand, when the voltage indicator 2000 does
not turn on, positions of the movable electrodes 120, 121 are
20 checked if they are in the close positions. If they are not in
the close position, they are moved to close positions by means
of the operating mechanism 3. If the voltage indicator 200 turns
on, the voltage indicator 200 is judged as sound (step 204).
If the voltage indicator 200 does not turn on upon closing the

25 switches, the voltage indicator 200 is judged as out of order



and the earth voltage V/,f-3. Accordingly, if a voltage proportional to V1
Is applied to the connecting plug 1003, the 15 voltage indicator 2000
indicates that the main circuit is ON;g and as a result, the voltage

i ndi cator 2000 is judged as sound (step 204). On the other hand, when the
vol tage indicator 2000 does not turn on, positions of the novable

el ectrodes 120, 121 are 20 checked if they are in the close positions. If
t hey are not in the cl ose position, they are noved to close positions by

means ﬂ@{q t 200 turns on,
the vol t (gPé%% I ca 'ﬂg"o@u S %?ergd%éggéﬂﬁzddﬁtﬁge&%%ifg#f The vol t age
I ndi cat or 0 08 ot, turn an I05|n he 25 switches, the voltage
i ndi cat or lgtﬂﬁ)t %J%gfgdt}ésarb%ﬁ%% %?9918%4339%501‘203) The vol t age
i ndi cator 2000 is repaired or substltuted wi t h anot her vol tage indicator.
Therefore, itIp€T %g?bl%ttkﬁd?%@%b%%esB%ﬁ@h%ggoﬁﬁ $PRNAReRsuRf sthech 1 and
the voltage indicator 2000 by judging 5 turn-on of the voltage indicator
2000. Nex¥acuwe swltclyel gl chervebomge sindiflcae 20 the J'@g@\mu ng plug

1006 (step 205). A static capacitance Cg between the netal vessel 12 in a
f | oat 5pottaumtn edn a0l the waktdms ohicrtore2@MAt i ng 21 10 sufficiently |arge,
conpared with static capacitance Cm between the nmain circuit in the vacuum
bul b 101 and méet retlé ¥€b6&ye indicator 2000 is connected to the
connecting plug 1006 (step 205).
A static capacitance Cg between the metal vessel 12 in a
float potential and the earthed conductive coating 21
10 sufficiently large, compared with static capacitance Cm between
the main circuit in the vacuum bulb 101 and the metal vessel
12 (Cg>Cm). Accordingly, the potential of the metal vessel 12
becomes almost the same as the earth voltage when the vacuum
pressure is sound.
15 On the other hand, if the vacuum pressure becomes worse,
and discharge between the main circuit in the vacuum bulb 101
and the metal vessel 12 takes place. As a result, the potential
of the metal vessel 12 increases to the earth voltage V/4F3 of
the line voltage V. That is, a potential between the metal vessel
20 12 and the terminal 50 and the potential between the terminal
50 and the vacuum pressure diagnosis condenser 1005 is almost
the same as the earth potential when the vacuum pressure is sound.
However, when the vacuum pressure becomes worse to generate

discharge between the main circuit and metal vessel, the

25 terminal voltage becomes equal to the potential V,, which is



12 (Cg>>Cm). Accordingly, the potential of the netal vessel 12 becones

al nost the sane as the earth voltage when the vacuum pressure is sound. 15
On the other hand, if the vacuum pressyre beconmes worse, and discharge
between the main circuit in the vacuumbulb 101 and the netal vessel 12
takes place. As a result, the potential of the netal vessel 12 increases to
the earth voltage V/f3 of the line voltage V. That is, a potential between
the netal vessel 20 12 and the term nal 50 and the potential between the

t er m nal ﬂ%grgg%d#gg t\)éﬁtc#}g({_n %enéﬁr?g d(j} f&?. condenser 1005 is al nost the

sanme as t ear pot € vacuum pressure i s sound. However,
when t he vacuu;épggsifre beconmes worse to generate discharge between the
main circuit %w Bat ColdlodCrooshe 25 term nal vol t age becones equal to the
potential V2, _which is 19 represented by the fol|ow ng equation.

V2=V/ , | - 3XCo/ 17 CHB€) 3BBYe | fdERE1aR o0 & | APadILance, Rakyren e bet ween
the termnal 50 and the netal vessel 12 and Cl1005 is a static 5 capacitance
of the vakexminprlksksUrandithmorgtakorersebrl2omsd Cwecdidin@tatif vol t age
proportional to the partial potential V2 is applied between the first

condemsercapacitence mhdiid wgouung ptéé3urehdihgnesisnoenfiedsén 10@5condenser
1005 by neans of the co-axial cable 1007. If the voltage indicator 10 2000
turns on, theayasr@im@LPssar ol tagedgedpastsonal {6t eRe2prtial

potential V2 is applied between the first condenser and the

connecting plug 1003, which is connected to the condenser 1005

by means of the co-axial cable 1007. If the voltage indicator

10 2000 turns on, the vacuum pressure is judged as sound (step 206),
but if it turns on, the vacuum pressure in the metal vessel 12
is judged as not sound (step 207). If the vacuum pressure is
judged as not sound, the vacuum bulb 101 or switch section 100
is repaired or exchanged with another one.

15 The relationship between static capacitance C;s; of the
second condenser 152 and the static capacitance C,qg9; of the third
condenser 1001 is as follows.

(Cro01/C1s2) S{(V/V 3)-v}/v
In the above formula, if a driving voltage of the voltage

20 indicator 2000 is v, v=Vl.

Therefore, if a ratio of the capacitance C;g0; 0f the
condenser 1001 to capacitance C;s» of the second condenser 152
is equal or smaller than a ratio of a difference between V/
Y 3 and the driving voltage v of the voltage indicator 2000 to

25 the driving voltage v, the vacuum bulb 101 can be detected.



but if it turns on, the vacuum pressure in the netal vessel 12 is judged as
not sound (step 207). If the vacuum pressure is judged as not sound, the
vacuum bul b 101 or switch section 100, s repaired or exchanged w th anot her
one. 15 The rel ationship between stati’C capacitance Cl152 of the second
condenser 152 and the static capacitance Cl1001 of the third condenser 1001
Is as follows. (Cl1001/C152) { (V/,f-3) -v)/v In the above formula, if a
driving voltage of the voltage 20 indicator 2000 is v, vSV1l. Therefore, if

a ratio of thg, ca itance C1001 of the ondenser 1001 to capacitance C152
ot "t he second B HEARLORB Petyden tie STRHIEISabaghPanyS (B3 FMLER

di fference between V/ _ ,r3_and the driving voltage v of the voltage

ndi cat or ERBGETTNS BRARE LReBStal vass et 1AAnd Ebe FRRRFLEaRAe Saprsbe
detected. 20 The relationship between the static capacitance Co between the
terninal 90 i fiFsthepRAenEsEel 00 ignast fiel tapaciThs dxigisgsvodtaghe first
condenser 1005 is as follows. The driving voltage v of the voltage

i ndi cat or v2eDthehvglldaige dnddicatorok08fashenld e feaqual? toTleat smallex<\V2.
(Cloo5/Co) S{(V/.r3)-v}/v Therefore, if a ratio of the capacitance C1005 of
the opndenarrviO0bnae ike ¢&ppritance Co of the static capacitance Co is

equal to or snmaller than a ratio of a difference between
(Cro0s/Co) ={(V/V 3)-v}/v

Therefore, if a ratio of the capacitance Cjioos 0f the
condenser 1005 to the capacitance Cy, of the static capacitance
Co is equal to or smaller than a ratio of a difference between

10 vv 3 and the driving voltage of the voltage indicator 2000 to
the driving voltage v, soundness of the voltage pressure of the
vacuum bulb 101 can be diagnosed.

In this embodiment, the diagnosis of the power application
of the main circuit and the vacuum pressure was conducted, but

15 it is possible to conduct only the diagnosis of the vacuum
pressure.

In this embodiment the terminal 50 is disposed in opposite
relation to the metal vessel 12, one end of the vacuum pressure
diagnosis condenser 1005 is connected to the terminal 50 and

20 the other end of thereof is earthed. The voltage indicator 2000
is connected to the first condenser by means of the co-axial
cable 1007 and is connected to the connecting plug 1006. The
voltage indicator is detachable from the connecting plug. The

vacuum pressure is diagnosed by the voltage indicator 2000 upon

25 demand. The portable voltage indicator 2000 is detachable, and



4

10 vf3 and the driving voltage of the voltage indicator 2000 to the driving
vol tage v, soundness of the voltage pressure of the vacuum bulb 101 can be
di agnosed. I n this enbodi nent, the di@gnosis of the power application of
the main circuit and the vacuum pressure was conducted, but 15 it is

possi ble to conduct only the diagnosis of the vacuum pressure. In this
enbodi nent the termnal 50 is disposed in opposite relation to the netal
vessel 12, one end of the vacuum pressure diagnosis condenser 1005 is

connect ed. £0,LNesd SR 2500200 20LHDS, LN o2 saﬁ.»e;&ﬁrtﬂgf 4 gaughed. The

vol t age i ndi cator connecte con ser nmeans of the
co- axi al 1007 and is nnected to .t he, connectin 1006 The
SO Eaue il et Jftds. ORGSR | Mld LAt S 9STEd um

pressure is diagnosed by the voltage indicator 2000 upon 25 demand. The
port abl e KKIMAYEI RN cat or 2000 i s detachable, and 21 can be used for
di agnosi s of the vacuum pressure of the switches on different sites.
Therefore, the thignembedimerbndticoegh thenbterminal 50 nis wppeseddioent,
t hough the termnal 50 is opposed to 5 the netal vessel 12, another nenber
such as cdeimetialevésseal ey, ahetheednemisdre sthohf as looridratiing £5Am Mayor di ng
to the enbodi nent, since the connecting plugs 1003 and 1006 are identical
in the stydlGisd®,imitea®|dB0chd N SRidl 50.
According to the embodiment, since the connecting plugs 1003
and 1006 are identical in the structure, one voltage indicator
can be connected to them. As a result, the vacuum pressure of
10 the metal vessel and the power application to the main circuit
can be diagnosed with a single voltage indicator by changing
the connecting plugs. In addition, the diagnosis of the voltage
indicator 2000 itself can be done. Therefore, other circuit such
as reversible circuits or elements for conducting diagnosis of
15 the vacuum pressure, etc are not necessary, and hence the
diagnosis of the present invention is economical and simple.
In this embodiment, the switch section 100 is covered with
the solid insulator 20 such as epoxy resin together with the
terminal 50, and the conductive coating 21 to be earthed is
20 formed thereon. When the conductive coating is earthed,
operator or other stuffs are safe even if they touch the coating
21 or the solid insulator 20.
The second condenser 152, third condenser (coupling

‘condenser) 1001 and first condenser 1005 are disposed in the

25 casing, but they may be arranged outside of the casing.
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can be connected to them As a result, the vacuum pressure of 10 the netal
vessel and the power application to the main circuit can be diagnosed with
a single voltage indicator by changin% t he connecting plugs. In addition,

t he di agnosis of the voltage indicat # 2000 itself can be done. Ther ef or e,
other circuit such as reversible circuits or elements for conducting

di agnosi s of 15 the vacuum pressure, etc are not necessary, and hence the
di agnosis of the present invention is economcal and sinple. 1In this
enbodi nent

: tch, section I S _cove with th lid.j at or
slch 58 epox§ﬁﬁegPﬂnF85épﬁeweapFhlfh8°n?s?ﬁ%ﬁa|p%agsa 8% oBRauRE Ve
coating 21 to he earthed i g} i Wﬂi coanctlve coatlng
i s earthethe (Y[?éTtthﬁrlBﬁilﬁ?F%? 25°tq.9‘ an &€ SFéréV Vfc?%?/cY% &P HRe coating
21 or the solid insulator 20. The second condenser 152, third condenser
(coupl i ngendgreentle ycanmdansews 1 19Q1 . chidienbEr 1@©5°%$em@¢%§o§%@hiﬁsthe 25
casing, but they may be arranged outside of the casing. 22 The connecting
neans i s scremstiegcpl ugs 1003, 1006, but the voltage indicator 2000 can be

electrically connected to the ends of the condensers 1001, 152 with various
nmeans 55uch agn tki€vémbaiimertt | thHehissaeaboof ower tapd 1SictiDObEpONEr

application of the main circuit and the soundness of the voltage indicator

are di aghesRUcPFE@It &nd hendi 6RNEhSsOf of Nene afyLPAE C88@18ator are
diagnosed prior to the diagnosis of the vacuum pressure.
Therefore, the diagnosis is carried out safely and with high
reliability.

10 The diagnosis of the vacuum pressure of the switch section
is conducted without increasing a cost and making the structure
complicated. In addition, if the voltage indicator 2000 is
equipped with several terminals for connecting to the
connecting plugs 1003, 1006, the diagnosis of the switch section

15 and the vacuum pressure can be conducted simultaneously.

The connecting plugs 1003, 1006 are disposed on the front
panel 1002 of the casing 2 so that operability and safety are
increased. However, the connecting plugs can be disposed on
other panels as long as operators or inspectors can observe the

20 indication of the voltage indicator easily. In this sense, the
voltage indicator can be such that the status of the soundness
of vacuum pressure or main switch or voltage indicator itself
is output as sound, buzzer, etc.

The first condenser 1005 and the connecting plug 1003 are

25 connected to coupling condenser 1001 by means of the co-axial



Therefore, the diagnosis is carried out safely and wwth high reliability.
10 The di agnosis of the vacuum pressure of the switch section is conducted
wi t hout increasing a cost and making e structure conplicated. In
addition, if the voltage indicator 20 is equipped with several termnals
for connecting to the connecting plugs 1003, 1006, the diagnosis of the
swtch section 15 and the vacuum pressure can be conducted sinultaneously.
The connecting plugs 1003, 1006 are disposed on the front panel 1002 of the
casi 09, 2 Sauldan dPRIEN | hE FILSAAE! Kl 00 FANSHod BIFYERY 1hE

connecti ng ugs cad e di sposeé er anef s as as opera ors or
|nspectors n obs ve the 20 i .0 e voltag di cat or sily. In
thi s senstoltegs iiicate wé ér“girg‘?"fn(%gérrguffﬂnflﬁﬁtseifhiOQEaPEs sgoRe
soundness of vacuum pressure or main switch or voltage indicator itself s
out put asc%kﬂﬁkﬁe%u%%gr%seﬁQﬁ saee {3t sany prehsteng odbheref eFe- chBfect i ng
pl ug 1003 are 25 connected to coupling condenser 1001 by neans of the
co- axi al oRpachbirce 1YVYeNPOUNG /en gtheswlringheane rilng shme amtealet ween t he
vol tage indicator 200 and the third condenser 1001 or second condenser 152
i s theé sapesitiemy spothakois.islpessfible, tdhed jwspayolitayes gepdieti g on t he
Wrings are the sane at any 5 positions so that it is possible to adjust
v](c)l tﬁges P dotthdct inig 91 @gBNEE indith PoFJEh BYs tEIRIS ceipdditaiicy bE €w@aci t ance
of the

first condenser 1005 and/or coupling condenser 1001.



'

first condenser 1005 and/or coupling condenser 1001. 24 WHAT IS CLAIMED I S:
1. A vacuum swi tchgear conprising: a casing (1); a vacuumsw tch (100),

encl osed in the casing (1), 5 conprisigyg a metal vessel covered with a solid
i nsulator (20), the surface of the insulator being covered with a
conductive |ayer (21) to be earthed, a pair of novable electrode and a
fixed electrode to constitute a main circuit, enclosed in the netal vessel
10 a first condenser (1005) connected to a termnal (50) on the solid

i nsul at or ) riged in that a first electric connection neans
(1006) |sw%g§p%§egﬁﬁﬁﬁ&§h£§ca5|ng (1), the first connecting nmeans being 15

connectedlt a first candenser &}003% connected to a termnal (50) for
detecting v Q&?qﬂ %ﬂﬁa 4T * a second connecting means (1003)
is disposed to the caS|ng t he second connecting means bei ng connected to a
second condefts6RSERg2\)éonnected to a coupling condenser (1001); and 20 a
vol t age i ndi cat or (2000) that indicates a status of vacuum of the netal
vessel and a 8t uagyuwf spdheh (3pPNi.cancdased tRethei fasiipgui(f)ef the switch
section (101), the voltage indicator being connected to either one of the
first & comprising a metal vessel covered with a so0lid insulator (20),

the surface of the insulator being covered with a conductive
layer (21) to be earthed, a pair of movable electrode and a
fixed electrode to constitute a main circuit, enclosed in the
metal vessel;

10 a first condenser (1005) connected to a terminal (50) on
the solid insulator (20),
characterized in that

a first electric connection means (1006) is disposed
to the casing (1), the first connecting means being

15 connected to a first condenser (1005) connected to a terminal
(50) for detecting voltage of the metal vessel (12)

a second connecting means (1003) is disposed to the casing,
the second connecting means being connected to a second
condenser (152), connected to a coupling condenser (1001); and

20 a voltage indicator (2000) that indicates a
status of vacuum of the metal vessel and a status of power
application to the main circuit of the switch section (101),
the voltage indicator being connected to either one of the first
and second connecting means.

25



] A e A

and second connecting nmeans. 25 25 2. The vacuum sw tchgear according to
claim1, wherein the voltage indicator is connectable to and detachabl e
fromthe first and second connecting2 ans. 5 3. The vacuum sw t chgear
according to claim11, which further conprises the second connecting neans
(1003) disposed to the casing (1), and the second condenser (152) one end of
which 1is connected to a |oad side conductor (116), and the other is
connected to the third condenser (1001), the other end of the 10 second

d | d. th d. el whi ch
he 53??2@&%%.%%?l?ﬁ"‘ft%wnc%%h%%%iaeggﬁrd%ﬁ%t% it FHER TR o ng 10

any one of clains, 1t 3, wherein an operating.v age f the vol tage
" catorvabtaatruatdarct | bh saprestavhs e g a'g‘%ﬁé/?f\%ngﬂf'(&e&loo&
Co is a static capacitance between a ternlnal (50) and the nmetal vessel
(12), andttn9b2nd $eeeRd | CORRARAEIRGBRARF- t he capacitor (1005),
(A 005)/Co){ (V/,r3)-v/iv}i. 20 5. A nethod of diagnosis of a vacuum
pressure in a vacuum vessel (12) of a vacuum swi tchgear (100) conpri sing
the metal vessel, covered with a solid insulator, the surface of which is
cover ed swtThéivanuhmnéwmtdhgaam-ezﬁmmmiMQ ¢ar chadm at wrash fupshérof
comprises the second connecting means (1003) disposed
to the casing (1), and the second condenser (152) one end of which
is connected to a load side conductor (116), and the other is
connected to the third condenser (1001), the other end of the

10 second condenser being connected to the second electric

connecting means to which the voltage indicator is connected.

4. The vacuum switchgear according to any one of claims 1 to
3, wherein an operating voltage (v) of the voltage indicator
15 meets the following relation, where V2 = V/f3><Co/(Co+C1005),
Co is a static capacitance between a terminal (50) and the metal
vessel (12), and C;pos 1s a static capacitance of the capacitor
(1005),
(Cio0s) /Co) ={(V/V 3)-v/Vv}.
20
5. Amethod of diagnosis of a vacuum pressure in a vacuum vessel
(12) of a vacuum switchgear (100) comprising the metal vessel,
covered with a solid insulator, the surface of which is covered
with a conductive layer (20)to be earthed, at least a pair of

25 movable electrode and a fixed electrode, enclosed in the metal



25 novabl e el ectrode and a fixed electrode, enclosed in the netal 26
vessel; a first condenser (1005) connected to the termnal (50) on the
solid insulator (20), and a first conngcting neans (1003) disposed to a
casi ng accommodating the vacuum swi tchgear (100); a second condenser (152)
connected to a load side 5 conductor (116); and a second connecti ng neans
(1006) disposed to the casing (1), characterized by connecting a voltage

i ndi cator (2000) to a first electric connecting neans (1003) disposed to a

(1008) belaiebhract bt FooBiaSihbE oPEd0s) rEonnbafel £S " HTERERKAd) ™"

(1003) bein ohnec condenser

term nal formed o he so]id i l.at or _(20),, ich is, .forned on the
vacuum veéggi "(fh}g% ﬁﬂg?'él e oY R;)g’e) ' ﬂapcﬁt%rrsvglﬁgpggf%&n@ PEPPEge
status of the first connecting neans that 15 exhibits the vacuum pressure of

the vacuuhl9R3}&ispared BP AyResing aacemdatiasthe vatauhenihrheeasur e of
the vacuum vessel based on the indication of the voltage indicator. 6. The

met hod of (HP@hnoai seobndheondenser siibzhgeannacteddraga2doad sidém 5,
wherein prior to connecting the voltage indicator (2000) to the first
connedt i ngom@adsor 10066 ) ; tdaedvol tage indicator is connected to a second
el ectric connecting neans (1003), which is connected to a second condenser
(152) coang&édid teomnd @eths infarndwiey dikbolseindoa thli tdsgagdenyer
characterized by
connecting a voltage indicator (2000) to a first electric
connecting means (1003) disposed to a casing (1) of the vacuum
10 switchgear (12), the first connecting means (1003) being
connected to one end of a first condenser (1005) and a
terminal (50) formed on the solid insulator (20), which is
formed on the vacuum vessel (12), wherein the voltage indicator
indicates a voltage status of the first connecting means that
15 exhibits the vacuum pressure of the vacuum vessel; and

diagnosing the soundness of the vacuum pressure of the

vacuum vessel based on the indication of the voltage indicator.

6. The method of diagnosis of the vacuum switchgear according
20 to claim 5, wherein prior to connecting the voltage indicator
(2000) to the first connecting means (1006), the voltage
indicator is connected to a second electric connecting means
(1003), which is connected to a second condenser (152)
connected to a load side conductor (116) and a third condenser

25 (1001) to be earthed, whereby the voltage status of the main



25 (1001) to be earthed, whereby the voltage status of the main 27 <circuit
of the switchgear is indicated on the voltage indicator; and if the voltage
i ndi cator shows the main circuit is Oy, the voltage indicator is connected
to the first electric connecting 5 nmeans to carry out the diagnosis of the
vacuum pressure. 7. The nethod of diagnosis according to claim®6, wherein if
the voltage indicator shows that the main switch is not ON, position of
the novabl e el ectrode of the vacuum switchgear is checked 10 if it is not

N, the Sﬁ@ﬁmagt t‘ékeﬁ{é BQ?Eti:ﬁ QB‘Erfé fgﬁr&eagwdno fidvor Iac'?% &i‘éa{’c%t age

i ndi cat or e main Crreurt tage tor 75 connect ed
to the fi rs% el ectric connecting neans. 15 8. The nethod of di agnosi s
accordi ng '3 claim 7, wherein if the novable electrode is in a closed
position and if the volta i ndi cator shows the npin circuit is not ON, it

i s judgedtthbhe YREt3@f t HZLFHERER0PWE Stheh BRAD ofFLBFEEE. 12008: T net hod
of diagnosis according to any one of clainms 5 to 8, wherein an operating
vol t age (V9lbage HadichitaFels sondgcted wedhe fhest glegtinig eennecbingwhere V2
= V/T3 X Co/ (Co+Clo05), Co is a static capacitance between a term nal (50)
and t e meeams vessatiry 1)t ting Claghosis aoftthe cvacparci paessuné.the first
25 condenser (1005), 28

7. The method of diagnosis according to claim 6, wherein if the

voltage indicator shows that the main switch is not ON, position

of the movable electrode of the vacuum switchgear is checked

10 if it is not ON, the movable electrode is operated to be closed,
and if the voltage indicator shows the main circuit is ON, the

voltage indicator is connected to the first electric connecting

means.

15 8. The method of diagnosis according to claim 7, wherein if the
movable electrode is in a closed position and if the voltage
indicator shows the main circuit is not ON, it is judged that

the voltage indicator is in out of order.

20 9. The method of diagnosis according to any one of claims 5
to 8, wherein an operating voltage (v) of the voltage indicator
meets the following relation, where V2 = V/s/_3><Co/('Co+C1005) .
Cy is a static capacitance between a terminal (50) and the metal
vessel (12), and C,p0s is a static capacitance of the first

25 condenser (1005),



(Cl005) /C0)::5{ (V/T3)-V/v}.

(C1o0s) /Co) S{(V/Y 3)-v/V}.

28



