1 TITLE OF THE | NVENTI ON:  VACUUM SW TCHGEAR AND'A METHOD OF *~

DI AGNCSI NG VACUUM PRESSURE THERECF FI ELD OF THE | NVENTI ON: 5The
present invention relates to a vacuum sw tchgear having a di agnosi s
function and a net hod of diagnosing ajivacuum pressure of a switch
section. RELATED ART: 10l n general, a vacuum sw tchgear perforns
opening and closing of electrodes in a vacuum vessel, and the
pressure in the vacuum vessel (vacuum pressure) nmay affect on a

vol tage wit hstandi ng performance and interruption characteristics of
the sw t CHEFUE OFi FHE4INVENBIGN PARNCUNN SWITCHGERR cANINtA METHODS OF

di scharge characteristic in vacuum i.e. a relationship between a
pressure DFAGNOSINGhVAQUUMtPRESSUNE a@EREORer ei n a vacuum i sol ation
gap length is set to 5mm As shown in the figure, the discharge
start voltage depends on the vacuum pressure, which neans the voltage
wi t hst andi ng 20 performance and interruption characteristics depend

on the vaguwnppoessHEeINtEePIohNgl y, the vacuum sw t chgear nust be
periodi cally di agnosed about normality or soundness of the vacuum

pPressupe SO aphd Bre¥ehfANnRRntN6n RYIAERHS & &mlﬁpgwﬂeﬁgéﬁ%%hﬁ of
t he soundness of the vacuum pressure of 25 the vacuum sw tchgear has

been condyrifRdgi¥s2BPEYhEGLGh and a method of diagnosing a vacuum

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. a relationship between
a pressure and a discharge start vocltage, 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 veltage 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



2 predeternined high voltage between the el ectrbdes thereby to detect
a flashover. In this case the sw tchgear nust be power-cut at the
time of diagnosis, and a high voltage power source for applying the
hi gh voltage is necessary. Thus, a cost 5 and load for diagnosis

I ncreases. In order to avoid the cost increase for diaghosis it
I's desired to conduct the diagnosis in service of the swtchgear,

I .e. wthout power cutting of the switchgear.A switchgear that is
capabl e of conducting the in-service diagnosis is known in 10 patent

docunent Neredetel#RABASE PRIVINItdgel He0PEEn A <38248bde OFnerE LS.

In the patent docunment No. 1, a switchgear is disclosed wherein a

nMeasur emenje #&ftMan@h akRHVHAC UtiN 11185 Pake €hadsRstehdsadinmiadsed i n
opposed relation with respect to a netal vessel 15 of a floating

potential, pdyb MihigNat NendEay %@eﬂiaéﬁéﬁQaladtﬁ a"Rh gk % d DORI ?Bw\é&*t h

t he netal vessel in an 1 nsulator, and the neasurenent termha

connect ed {Q.:3 C?%H?%?%g&ég @Hl&lﬁ \)éﬁltn% el £5 ﬁ%EEQQQr%AO‘I'pﬁgt,aQ%ost

bet ween t he ends enser I's conpared

conpar%tor Hﬂ%ﬁygégdgigéﬁg%ggifg%ﬁég gghol d voltage and awar ni ng

| anp, el'ay contact in response to an out put of

t he conparatorl}o t %r%by ?5% nﬂ%fcﬁﬁﬂﬁ%ﬂ%§sasem%g§ JAcHUm.pressure.
In the above- désci gear, an operator ois1™m<c¢ arg of

e ST O U LTS L Bl i
soundness O.fe tQJe.tl\llg'lg:tuijJQWQLe(:sl.lﬁzl{lng of the switchgear. A switchgear that
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
whereih 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



In secondary power stations close to consuners, 'which are install ed
on road shoul ders, vacuum swi tchgears are covered with an outer case,
chances of observing warning lanps is once 5 in several years.
Accordingly, if vacuum pressure degradges.-to |ight the warning | anps
for a long tinme, soundness of the warning |anps should be di agnosed.
Since the warning | anps may be damaged or out of order, degradation
of vacuum pressure m ght be over-1ooked. 10 SUMVARY OF THE | NVENTI ON:
The vacuum swi t chgear havi ng a vacuum pressure di agnosis function

di scl osed dindmasepahentodnaneest oflothel vardium pBEEEATHL €eSsSur e
di agnosi s apparatus (51) is always connected to a 15 term nal (50).

Therefore, therflisaghaahsyapiainbitat ives 1o seddb [iiihdneredChhéh e
vacuum swi t chgears. It 1's necessary to diagnose soundness of the

di agnosi s apRaIaldds ont $6hA. shbulderdl] a@RA%NS sk tEHGe s Ufeloovered
reliability of the diagnosis is lost. Further, it I's necessary to

di agnose aﬁﬂfﬁhr@&té@icﬁsﬁi,r&&&ﬂc%sof)ft&?se%‘&ih%hﬁﬁfﬁﬁ:?&%nﬁg 28 ok

If the main circuits are not in close position, and It such the

status 4 s fiplackBie Jdi CABBbIRIALLLN 15! PECEER YrlosturbD ol 0IOT0S

shoul d be wong. T ore, the diagnhosis o power application

L oo BB s b R DS Sl UF e sAg ©f
o i PR E R R PSR FRUHIHHLFG AR i o
circuit OISR BE SiOR3 oRLEM delradad e i SHSE Yacihn BPE0IE migfR?!
be over-looked.
10
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

15 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

20 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 diagnesis
should be wrong. Therefore, the diagnosis of the power
application status of the main circuits should be done before

25 the diagnosis of the vacuum pressure.



5 potential is not sound, or to dispose another 'circuit/tool for

di agnosing the warning lanp. As a result, the structure thereof
becane conplicated and its cost increased. The present invention
ainms at providing a switchgear that is4capable of performng easily
di agnosi s of soundness of a 10 di agnosi ng apparatus for vacuum
pressure and main circuits of the switchgear as well as soundness of
vacuum pressure of a netal vessel. The present invention also ains at
provi di ng a nmet hod of diagnosi ng vacuum pressure that is capabl e of

easi |y perfor magefli AN0sT £ \tﬁi@wge%@mr&gf FHa 1182¢AC VY das

swi tchgear with i ncreased reliability. One aspect of t he present
| nvent ion_ BEQY o/ AHBRIL! FOIERLI PRI Y, 1A ¢RS8! Bdchrdiody
vacuum sw tc 100), enclosed in the casing (1), 20 conprising a
et al Vessgis&PHﬂC?an%d{#QﬁéR{ b ek AOr 1( %Hﬁcg} &éHrt%%CSiJ?%]uffe
i nsul ator berng covere th a conductive layer (21) to be earthed, a
pair of moyalLe £lee! %ggﬁafn;g?éerrﬂf% d 1§ ESh{l&d&f tdh"gﬁ&%h' LhLe g
circuit, enclosed 1n _ nmet vessel ; 25a I'rst ‘condenser 1
connectgd 1o 106 150 0al 638k, ok 98 s hiobRsH Al%ui1t9 o1 for
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
1s 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 wvacuum pressure that is capable of easily
performing diagnosis of vacuum pressure of the vacuum
15 switchgear with increased reliability.
Cne 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)



wherein a first connecting nmeans (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 nmeans (1003) connected to oge end of the second condenser
(152) by neans of a third condenser such as a coupling condenser
(1001); the first electric connection nmeans (1006) and the second 10
connecting neans (1003) are disposed to the casing (1), the first
connecting means and second connecting nmeans bei ng sel ectively

accept abl e 0 thiee swaliagrshhateat @1 )X,2000) that indicates statuses of
vacuum pressure of the nmetal vessel, power application of the main
circuit andygtsemeiginess of the 15 vol tage indicator. Anot her
aspect of the present invention further provides a vacuum swi tchgear,

wherein the vohtfaget 86h6eé©Ind meddisachods p domdriciBa £b rdle and s£cond
connecting nmeans. A still another aspect of the present invention

still 20 figohlaehsBEOViEES) A wACHURE ¥bhREcted theha ¢eFRiha®S( S0 peagand
connecting means (1006) dlsposed to the casing (1),and a second

condensgr (gb3ebt9R§ &M¥olagdliod the @RRAECYELsLD ﬁalj)oad si de

conductor (116), and the other is connected to a third condenser

(1001), the ot @%e@@gdc’éoﬁx{&ﬁ?ﬁﬁgﬁﬁgn ORI’ cBEhBSL&Y 1PBRECLRE d°

t he second connecting nmeans to
the second condenser (152) by means of a third condenser such

as a coupling condenser (1001};
the first electrilc 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.
Ancther 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 (1l),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



6 voltage indicator is connected. A still another aspect of the
present invention provides a vacuum sw tchgear, wherein the voltage

I ndicator is connectable and detachable to and fromthe first
connecting 5 neans and the second conngcting neans. A further
aspect of the present invention further provides a vacuum sw tchgear
wherein an operating voltage (v) of the voltage indicator neets the
followng relation, where V2 = V/ ir3 X COR CO+C1005 COis a static
capaci tance between a 10 term nal (50) and the netal vessel (12), and

C1005 is ayplahgé CR@BEAEANGE ebnhBeteapaci tor (1005) , (Cl005)
[CO) (V13 ) -v/v} . A further aspect of the present invention

provides a netpodtof1 dirkdhes SsPéch ofaEHE HIRGRUAQvEAL BoN Ftbiildes
vessel (12) of 15 a vacuum swi tchgear (100) conprising the netal

vessel, COWErQeuWhnt Budtshddsl | Rdraliar thehostd da cthdfcatirChsi s _
covered with a conductive layer ( 21 ) to be earthed, at |least a pair

of movabl e Qhgektalee Mtk AdtaxBdbeeetd HUE £1RAC kBeeHit it tdbhdRiBhg
vessel ; a first condenser (1005) connected to the termnal (50) on

the 20spli ¢ aasubalornd éde'Eﬂhn%%EEﬁ%tﬁQQn eans (1003) disposed to

a casing accommodating the vacuum sw tchgear (100); a second

condenser (152) £(RAELIHDL? Gt BB SL L € ORPEEE Lon Ehtbher Pvides

a vacuum switchgear wherein an operating voltage (v) of the
voltage indicator meets the following relation, where V, = V/
fSXCo/(Co+Cloos). Co is a static capacitance between a
10 terminal (50) and the metal vessel (12), and Cipss is a static
capacitance of the capacitor (1005),
(Cio0s) /Co) ={(V// 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 solid insulator and a first connecting means (1003) disposed
to a casing accommeodating the vacuum switchgear (100); a second
condeﬁser (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



a second connecting nmeans (1006) disposed to the casing (1) , wherein
25connecting a voltage indicator (2000) to a first electric 7
connecting neans (1003) disposed to a casing (1) of the vacuum

swi tchgear (12). the first connecting smeans (1003) being connected to
one end of a first condenser (1005). the other being connected to a
termnal (50) fornmed on an insulator (20) 5 formed on the vacuum
vessel (12) , wherein the voltage indicator indicates a voltage
status of the first connecting nmeans that exhibits the vacuum
pressure ofortiagunsavey3e03)adikposed tojaldgsiggt (18) SEULKE &tud

t he vacuum pressure of the vacuum vessel based on the indication of

t he vol t agsevitittigeatro 1210Aré hetrs1ts ptineet ihfem@aesentoo3vent i on
further provides a nethod of diagnosis of the vacuum sw tchgear,

wher ei N priging Sominesd toenkhadvéf hadird thdbddier 20665 ) | ené benkirr st
connecting nmeans (1006) , the voltage indicator is connected to a

second co | BEnAE&HSd (508 PermitBn C5d P Formearde EnCins@1 A S5€¢209
condenser (15 connected to a | oad side conductor (116) and a third

condenger £LGRK oh RS &A= gAY Wi InAERS vBh thGE 1MiRator

circuit of the swtchgear is indicated on the voltage indicator; and

if the vol{pgediadi §aOIta4a0u8at e JBIReCEL LM lohfePhling HadAfs YRhERTE
i ndi cator 1's connected to'the ?lrst el ectric connecting
exhibits the vacuum pressure of the vacuum vessel; and
judging the soundness of the vacuum pressure of the vacuum
vesseél 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 earthed,
whereby the status of the main circuit of the switchgear is
indicated on the voltage indicator; and
if the voltage indicator shows the malin c¢ircuit 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 methed 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 vacuun1bressure; A stil

anot her aspect of the present invention still further provides a

nmet hod of diagnosis, wherein if the voltage indicator shows that the
main swtch is not ON, position of 25 ¢he novable el ectrode of the
vacuum switchgear is checked if 8 it is not ON, the novable

el ectrode is operated to be closed, and if the voltage indicator
shows the main circuit is ON, the voltage indicator is connected to
the first connecting neans. A still further aspect of the present

i nvention priovkdest ONg ORE hasradlede dgeoseds ivheperated tiohBe nEMAHE
el ectrode is in a closed position and if the voltage indicator shows

the main cidhalit e 96Ltade indicatbyddRid BRé nidie ¥Or&aLE isNON ¢ aner
is in out of order. Another aspect of the present invention further

provi des 1A taRkhdthAatdiragssdrhectaar €b Fth@nfﬁ)@f %bhﬁﬂc’tﬁ!hé%%.n(sV)
of the voltage indicator neets the follow ng relation, where V2 =

1- 3XC0/ ( CO+CL005), 514q 4l ﬁu?tt?éxaﬁ C\?Le@@B%CEﬁ@BEESQEEVﬁ%n%lbﬁr d?@'a@%o)

and the netal vessel (12), and Is a Static capacitance o

capaci tor (41Q38%hoa bxl %98ﬁ$si§9)wh%re§_}{/{§ the ¥6¥dble 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.

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/
J—3XC0/(CQ+C1005), Cp is a static capacitance between a
terminal(50) and the metal wvessel (12), and C;ys is a static
capacitance of the capacitor (1005),

15 (Ci00s) /Ca) =L (V/V 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 diagnesis of the present invention can be



According to the enbodi nents of the present i nvéntion, the di agnosi s
of the vacuum pressure can be carried out easily because the
di agnosi s is done by observing the voltage indicators having | anps
such as LEDs or buzzers, which are on @0 the narket. The voltage
indicators are electrically connected to an connecting neans such as

connecting plugs disposed to the casing of the sw tchgear.

That

the diagnosis of the present invention does not need specific
circuits or devices that are used in the patent docunent No. 1.
25Fur t her , comndualieawhthsa b ghhee Jdradkd it yi e@niseo the ahidymosd scoand bet ed
with a high reliability because the diagnosis can be carried out
after conftarmtedourf affterCiosfitmaiofon ke thenONi staté of thve main

swi tchgear or after diagnosis of the ON state of the main circuit

usi ng an i&nefuid agnekesswitchydar be SrdénoiEgriogdfs blfetMacoN Btate
pressure is done by the voltage indicator, i.e. by a two step nethod.
BRI EF DESGo¥ RiHeOMaGn BHECORAVMAGS) an inner dibgnodisheysc@itsige cross
sectional view of a switchgear 10 of an enbodi nent of the present

i nvent ixmn. dgiagnodiisd of2 the @adehmi pesh @SS sSaehkoBR! tié e Dfa
section of the swtchgear shown in Fig. 1. Fig. 3is a flow

chart show dvhcéat¥it,Ned eQf bl A0HRS| St médkiddm pressure of the present
i nvention. 15Fig. 4 shows Paschen curve showi ng rel ationship between

BRIEF DESCRIPTION OF THE DRAWINGS:

IS,

swi tch

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 secticnal 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; solld insulator,

20 50; terminal, 100; switch section, 101, 102, vacuum bulbs, 110,

25

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,

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



vacuum pressure and a di scharge start voltage. fn t he draw ngs the
reference nuneral s are: 1, vacuum swi tchgear, 2; casing, 3;
operation nmechanism 4; bus bar, 5; cable, 12; netal vessel, 20;
solid insulator, 20 50; term nal, 100;3pswitch section, 101, 102,
vacuum bul bs, 110, 114; fixed electrodes, 111, 115, 143; fi xed
conductor, 112;bus bar side conductor, 116; |oad side conductor, 117;
bushi ng, 118, 140; ceram c cylinders, 119; arc shield, 120, 121, 146;
novabl e el ectrodes, 122, 123, 144; novabl e el ectrode conductors, 124,
25 149; el epératimpmuodct 12§, codtipcimeyldidmg cedani ¢300U48 12621 1ckis,
operating rod, 127, 151; insulating rods, 130, 148; bellows, 141, 142;
term nal pléalgeb42;13@rmimhal prateectl®o,; Hhéfal widimgtodet @621 OMoltage
condenser (second condenser), 1001; voltage detection coupling
condenser {étédidicipdndeaspr {882ond ravidenspanel 1001t heoTesgarg, 1003,
1006; electric connectingplugs, 1004, 1007; coaxial cables, 1005;

vacuunpr esgeatt e thicig mpamgndaﬂaeﬂiseﬁomximochiaaenlaéﬁl ) cateo2; b ED
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS: 10l n the fol | ow ng

enbodi nentpHiel b theasting, NVEdH | 20084 eheberesRoahBed iRy plaler, e ,t o
Figs. 1to 4. As shown i n Flgs 1 and 2, a vacuum sw t chgear 1

conpri ses ﬁn@%‘béaxﬁéﬁbhﬁmeéoﬁooénv%@@mﬂﬂﬂgkéﬂ%ﬁﬁﬁﬁﬁﬁﬁé&ééﬁndenser,
operating el ectrodes of the switch section 100. The operating

nmechani SmM2000; 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 mechanlism 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 comnnecting the vacuum 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



15 3 is disposed above the switch section 100, & 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 | oad side
fromthe vacuum swi tch 100, and a casijag 2 encasing the above
conponents. 20The switch section 100 conprises a vacuum bulb 101 for
a circuit breaker and a disconnector, a vacuum bulb 102 for an earth
swtch, a conductor 112 for connecting the vacuum bulb 101 and a bus
bar 4, a bushing 113 for connecting the conductor 112 and the bus bar

4, a condugdDfadelb af 86uFDINE eondenkee MACUEST A% tedtdin0toa8dgs haand
cable 5, a second condenser 152 for detecting 11 voltage, a coupling

condenser JMbhdedisedet 664 iftg WQhAESI n@RAcanROpEEHSEFe HF0PhE OFacuum
di agnosi ng vacuum pressure of the vacuum bulb 101. The switch section

100 is encgggsl ignthe casing 1 together 5 with a condenser 1005 for
di agnosi ng vacuum pressure of the vacuum vessel 12 and a condenser

second for di afosi¢ch sdAtibh 2602 BhBaSEE G thefcdiei Wi t&dbther
section 100. The condensers 1005 and 152 are connected to an

connecty ng, {\ANS HYidnSerl 065 dESPABEMdds inevhEalh PAEGLuIOAE Ahet NE

casing, as shown i1n Fig.
vacuum vessel 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 avallable 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 1s 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 the main 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



101. A voltage indicator 2000 is connected to the first connecting
means 1006 or second connecting neans 1003. The voltage indicator is
avail abl e on the market as VO SOR+ (manufactured by
Kries-Energietechnik GrbH & Co . ) , figr exanple. 15 The voltage

i ndicator may indicate the state of the main circuit and/or vacuum
pressure of the netal vessel by light (lanps) or sound, etc.

The first condenser is connected to the second connecting neans 1003
when the diagnosis of the nmain circuit of the vacuum 20 switch is

conduct ed. a{¥gidE¥d ¥n the nditaaneessef11 Bad"®h orpdsdtel réda e, AhieOr
to the diagnosis of the vacuum pressure. The vacuum bul b 101

di sposed ifiidie exWdtebaseetib ofs IRt dmvynankNbRa r et H10 BiRda
di sconnection characteristics conprises a netal vessel 12 in fl oat

potential , cdiyihdtdir 3101 2Re ficRh1Q) 8ELESHSSe 111£b 1%%@@9:6@&6@ @ne
el ectrodes 120, 121 12 disposed in the netal vessel I N

opposi te rgl@bt e mdVarieXSshRIROH AL, 448 the cHARRUHEL: BYe MR 8 g%g@ of

the fixed conductor 111. The novable el ectrode 120 is suppor

one eng of 4he JRYARLHS LORdNGEREed %o 2BEnAEEE ' TonRBdt8E 15£ The

novabl e
fixed electrode 114 is supported by one end of the fixed

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 i26 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

26 vacuum pressure is molded in integral with the solid insulator



5 conductor 122 is connected to a connecting conduct 6f '124. The fi xed
el ectrode 114 is supported by one end of the fixed conductor 115 and
the other end of the fixed conductor 115 is connected to the
conductor 116. An arc shield 119 is anganged around the fixed

el ectrode 10 110 and the novabl e el ectrode 120 to prévent netal
particles emtted fromthe electrodes at the tinme of interruption
from adhesi on on the inner face of the ceramc cylinders, the arc
shield 119 bei ng sandwi ched between ceram c cylinders 118 surroundi ng
t he el ectrpoem tRéaeneaineessal 12ondutarebi?2dl estitcaldyneatellate e
operating rod 126 by neans of a ceramc rod 125. A bellows 130 is

di sposed bmévEerrddseloperafitige vaduhRtbabd 10k feiaitheetsahidal S».as
to operate the operating mechanism 3, keeping a vacuum condition of

the sw t chrsealermind@050 Tkedoppssdd datc0de 16 thel MetEE vieseat he art al
vessel 12of the switch 20 section 101, and an end of the operating

rod 126 | oggpsbdltol RBeOREOS] tvedd@ll 1hONTHE tdb 1185 ARG 1h8ct NE0 AR{AH C
rod 125 is supported by the insulating rod 127 and connected to the

oper at ifg SBEAAN /8 Boating 21 on s SRS¥ACED d:ricﬂth&cééleintgeﬁ.g‘ mtaﬁ

for diagnosis of the 25 vacuum pressure is nolded in integral

the solid %%&ﬂ BbPEnt a1 b%oea&g:llfi% éllteffﬁ 81 5¥2ah@® thR& ctive

electrically 1nsulate th vessel 12 o the vacuum bu 101

the tern nglapQg The &er a&ga{ﬂ?@a ( @q%%gaog_{gafnd 82l JiMe et 2l

vessel 12 and oppose to t e met e so id1nsulator 20

has @ 5 conduct \BeCOeaLDhath Ofhd LacHUR BERb 13A0eEPSCOBHLILY R ch

an earth pot en by eart erm na e COI’] uctive

coat i ng 23(,@,@%1@3%%5' Eﬁél}% .gfggdd aksﬂléfgﬂﬁﬁfé} A4B%kurrounadl the

ot her han e ‘vacuum or an e SW fch conprisées

I nsul aly Nde; GO BILGe £Ydd 198 arkf 2nd WovABRd L % de 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 £ixed 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 cdnductor 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 hetween 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



10 fixed el ectrode 145 and the novabl e el ectrode 146, bell ows 148,
and termnal plates 141, 142 |ocated at both ends of the ceramc
cylinder. The novable el ectrode 146 opposed to the fixed el ectrode
145. The fixed el ectrode 145 i s supporised by one end of the fixed
conductor 143, one end of which is connected to 15 a conductor 116.
The novabl e el ectrode 146 is supported by one end of the novable
conductor 144, which is supported by the termnal plate 141 by neans
of the bellows 148. Part of the novable conductor 144 extrudes

out war dl y tonnéeting ebndircter ildd.fiponhected &oian dpsnhadbing 40dakfil
the termnal plates 141, 142. 20The bell ows 148 foll ows the novenent
of the novbpleamschittcomeléd, tand 15@. bdheoisstd8ttag wod -151ghtsl vy
seal the space between the novabl e conductor 144 and the term nal

pl at e 141. cdimectsl db aleperasbhg nechdnd smr3 h44i t svinipplri garppasiigh t 0
the end supported by the novable electrode 146 is connected 25 to a

connect i ngtempekiwivre $63derbanis She aidmpetientBdid hbe VdcuOBARBI0Y
conductor 149, is connected to an insulating rod 151 by neans of a

met al t®ol a2dObordderd idis W Sacgmr €drdddej S connected to an operating
mechanism 3 at its upper part. A high tenperature sol der bonds the

conmponents in phe &AL bEMhsl olfkge dttechengesonderseAaBEM fHiARGES
One end of the voltage detecting condenser 152, which is opposite to

the end coppess Lk t6 tiCef@BEHALOEed 16, tHes cORMNEES L1560 1@NEoMKL1Qa @

vol t age detecting coupling condenser 1001, and the other end of the

coupl i ng ceg@rseha 04 wl@@%é a@@ecéﬂnmg&hpgc&&me@%ow%@%

to which a voltage indicator 2000 is electrically connected are

di sposed i 0 4 SRRINRG 2 e; ¥ollAge.
i ndi cat or %%@%??ﬁ?ﬁkﬁ%ugg?giﬂ%g I ndi%%gt éga?hégs%%t us do'f

10120 2P, GGl P Ve DS, B AE RGOy
0o cat o2 0 43 Eppettialing ot 0tod Lo o Bl
it B R R
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 wvoltage
20 indicator 2000 may be equipped with LEDs, etc, which indicate
information on the status. The voltage 1ndicator 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



20 indi cator 2000 nay be equi pped with LEDs, et¢, whi ¢h indicate
information on the status. The voltage indicator 2000 can be detached
fromthe connecting plugs 1003, 1006. The connecting pl ug
1003 is connected to both ends of thejgoupling condenser 1001 by
means of a co-axial cable 1004 to 25 apply the voltage of the
coupling condenser 1001 to the 15 connecting plug 1003. The
connecting plug 1006 is used for connecting the vol tage I ndicator
2000 to detect and indicate a status of vacuum pressure in the netal
vessel 12 ednidexidg YiuWw soosches. |f vacuum 5 of one of the netal
vessel s of the switches | eaks to higher a vacuum pressure in the
metal vessel, difchaigactmyg pRkp1pbade iged her eonhhebtsegthevolGdge
because of the presence of air therein so that a voltage of the netal
vessel i ncig@sffror’ RO0YOLbagetédE i i Ahad@a8el AdiEat®S 46 aduds Of
the vacuumin the nmetal 10 vessels based on the voltage of the netal

vessel . AGGHI@ ¥n thBhetAAWEBsE18] 21903 BE v ipeRPEERkPY 1¥RRCuUm
i ndi cation on the indicator 2000. In this specification, the voltage

i ndi catsor ZOURNBE HIEMeRA10vYSEHENSH %Hﬂoébﬁtéfﬁ?é‘ieaﬁst £5 e
for dlagn05|s of vacuum pressure is nolded 15 in the solid insulator

20 such a E@él]s&ré Sird eﬁatﬁgt@m%bgslofai;&a[ﬁ%ea}nﬁ gﬁ]aaﬁ]p&%ceThe

solid insul ator ectrically separates ferm na net a

vessel 12-jlxbgﬁets"vﬁr£'c§£?e<?ﬁ\ﬂ1 §uaeahed Jfotﬁer;ﬁﬁ%g di J9098 Ithe ein

condenser one en is earthed ends of t

of a cor a4 AR %ﬁ%w%‘}fte%%é@%{??%&e SR ahPPeRr ol a0t B
'S appl | e e, COMPGLIG LG 1003, Moo LRt Cly pﬂ%ﬁ@g@%ﬁ&sm

of the ear ch™vacuum spose ch7se

100 \Mllol beesese[fsaf)gsgd 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 dlagnosis 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 wvessel 12. The solid insulator 20 electrically
separates terminal 50 from the metal vessel 12. The terminal
50 is connected to a vacuum diagnesis condenser 1005 one end
of which is earthed. The both ends of the condenser 1005 are
20 connecfed t0 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



25 Upon the up and down novenent of the insulatfng rod 151 operated
16 by the operating nmechanism 3, the novabl e el ectrodes noves up and
down so as to nake open-closing operation with the fixed el ectrode
145. One end of the fixed conductor 148 connects to the conductor

116. Since the connecting conductor 149 is earthed, 5 a load is

eart hed upon closing of the vacuum bul b 101. Current flowin the
swtch section 100 and operation nmechanism3 wll be explained in the
following. Electric power fromthe bus bar 4 is supplied to bushing
113 - conductde dpgratfingnechdotsnrill Thef hoeakele etlectedd6s -mowasalope
el ectrode 10 120 - novabl e conductor 122 - connecting conductor 124

- novabl e convddowar s428s -tonmakkl epeheclosidyy bperatiornewith etie ddaedil4
- fixed conductor 115 - conductor 116 - bushing 117, and the electric
power is slgpitredet b45 hereaddsofiecHey Faradscaiduretiolre 183 damihects to
operating nmechanism 3 drives the insulating rod 127 up and down, the

novabl e eligei d@tlsctlod0]1142 51008 ahel @oritdddd npasdidudiiot M9 0F Batithsa,
position YO, open position Yl and disconnection position Y2 with the

fixed &l ecd nedas1s18artiddd Jdivh MR ofr €Ak @k a0 Iioli.on YO to
open position Y1 20 perfornms an interruption function and the

novenent fromduieefReR1BASLA | e tHritt Feet@BACLHO Odnd OSPdrdt ofi2
performs a di sconnection function. In the follow ng the

di agnosi s pfchhAgHMM RAGISHE @xpfialileanhl ;%heVﬁ§§1QJwil% WeidcPei @pBlained
by reference to Fig. 3, as 25 well as Figs. 1 and 2. 17

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 operéting mechanism 3 drives the insulating rod 127
up and down, the movable electrodes 120, 121 moves to three
positions to form close position YO0, open position ¥l and
disconnection position ¥2 with the fixed electrodes 110, 114.
The movement from the close position Y0 to open position Y1

20 performs an interruption function and the movement £from the open
position to the_disconnection position ¥2 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.



At first, diagnosis of the power application on'the main circuit of
the switches is conducted. The voltage indicator 2000 is connected to
the connecting plug 1003 (step 200). Wen the conductor 116 is ON, a
potential between the voltage 5 detectjbng condenser 152 and the
vol t age detecting coupling condenser 1001 is equal to a parti al
voltage VI, which is represented as follows. Vir3XCl 52/ C3.52+C aoi)
In the above equation, the partial potential V1 is a product 10 of a
rate of a static capacitance Cl52 of the second condenser 152 to the

total capacitamteridsti,hdiagnosis o anelpdwet il caadensen 4Hhe it a
capaci tance Cl ool of the third condenser 1001 and the earth voltage

VIVI 3. Acceiféuid Bf itheaswotélge iy epaautesal theVholtagepiadrbdtdrt he
connecting plug 1003, the 15 voltage indicator 2000 indicates that

the main cioseii EéSnkdetadoatha dodpebting B wphbage dted 0abp! wBRA0
I's judged as sound (step 204). On the other hand, when the voltage

i ndi cat or Z0GdHRRT! 144" BsO0ON, PRSHIL IS AT vhhGeBRVER: Sr&l 8idd 0des
120, 121 are 20 checked if they are in the close positions. |f they

are nots i Nad st eoh@ehkeen: 53 Nava f‘%}f‘e %‘i‘%‘ilgbod&&é@irﬁ’é’séédﬁ%gglgby

means of the operating nechanism 3. t he voltage i1 ndicator

turns on, tdgaeldrad901nN9sCakih1 200 d pd A9 vBT a1 ( SR -

represented as follows.
V1= V/v 3XCis2/C152+Cro01)
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 Cjig9; of the third condenser 1001
and the earth voltage v/J/ 3. Accordingly, if a voltage
proporticnal to V; is applied to the connecting plug 1003, the
15 wvoltage 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



If the voltage indicator 200 does not turn on upon closing the 25
switches, the voltage indicator 200 is judged as out of order 18
(step 203). The voltage indicator 2000 is repaired or substituted
wi t h anot her vol tage indicator. - 18herefore, it is possible to
di agnose soundness of the vacuumswitch 1 and the voltage indicator
2000 by judging 5 turn-on of the voltage indicator 2000. Next ,
the voltage indicator 2000 is connected to the connecting plug 1006
(step 205). A static capacitance Cg between the netal vessel 12
in a float(glreRl3dl. Fhd vbbtage tiralicadwdueODeisonepangrexl o)
sufficiently large, conpared with static capacitance Cm between the
mai n ci r cusubgtitutedyvwdthnahetied Ooldaget heddeatbrvessel 12 (Cg>Cn).
Accordingly, the potential of the netal vessel 12 becones al nost the
sane as the edflidreforeagetwhsnposeibla homdiagesseesosndmessl.ofl3Be t he
ot her hand, if the vacuum pressure becones worse, and di scharge

bet ween t hvaowinn seditehi 1 and t tiee wadthagebdhli é@toanzbaheyrepmgivessel
12 takes place. As a result, the potential of the nmetal vessel 12

i ncreages turri-om o thevobdlegee \Wrditarort R60bDLNe voltage V. That is,
a potential between the netal vessel 20 12 and the term nal 50 and

the potential Ngitjeenet feltegai Nadidltan@oobe i¥acuniie PE&s Y &he
di agnosi s condenser 1005 is al nost the sane as the earth potenti al

when the vesHHeBtRngSpUng 1606 0URGp Howgyer, when the vacuum pressure
beconmes worse to generate di scharge between the main circuit and

netal vessel, A RRaZ3ct apadttancd Ca0BebREONBEHERh1t Petdiel POL aRt hal
V2, which is
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
hecomes 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/4r3 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 diagnosils condenser 1005 is almost
the same as the eérth 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

26 terminal voltage becomes equal to the potential V., which is



19 represented by the follow ng equation. V2=Vbr3 XC0/ (C0+C1005)
In the above equation, Co is a capacitance between the term nal 50
and the netal vessel 12 and Cl005 is a static 5 capacitance of the
vacuum pressure di agnosi s condenser 1Q05. Accordingly, a voltage
proportional to the partial potential V2 is applied between the first
condenser and the connecting plug 1003, which is connected to the
condenser 1005 by neans of the co-axial cable 1007. If the voltage
i ndi cator 10 2000 turns on, the vacuum pressure is judged as sound
(step 206)repmesearnted byuthe 6ollewing &guablonessure in the netal
vessel 12 is judged as not sound (step 207). If the vacuum pressure
I s judged as ma#vsoﬁaﬁ&hyhew&a&yunlbuIb'101 or switch section 100 is
repai red or exchanged with another one. 15The rel ati onshi p between
static capaci thmceheCHRRvef etthetsenprth dendenapacilb@nean thdtweent ahiec
capaci tance C3.001 of the third condenser 1001 is as foll ows.
C1001/ C152texminad/ b3) and) th¥ metal vesddl tll2e aalloCgf drsma atatfica
driving voltage of the voltage 20 indicator 2000 is v, v'Vl.
Ther ef & e, cagaci tamiceO o8 thd araamac piasser&Iidhnels ilsheon@dtedys aroobQ01
to capacitance C152 of the second condenser 152 is equal or smaller
than a rati o dcsvrliiffgargnaevoetigepdbportional to the partial
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 Cigo, of the third
condenser 1001 is as follows.

(Cr001/C152) S{(V/Y 3)-v}/v
In the above formula, 1f a driving voltage of the voltage
20 indicator 2000 is v, v=V1.
Therefore, if a ratio of the capacitance Ciypo1 Of the
condenser 1001 to capacitance C,5; ¢of the second condenser 152
is equal or smaller than a ratio of a difference between V/
¥ 3 and the driving voltage v of the voltage indicator 2000 to

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



,r3 and the driving voltage v of the voltage indicator 2000 to 25 the
driving voltage v, the vacuum bulb 101 can be detected. 20 The
rel ati onshi p between the static capacitance Co between the term nal
50 and the nmetal vessel 12 andthecapaept anceCum of the first
condenser 1005 is as follows. The driving voltage v of the voltage

I ndi cat or 2000 should be equal to or smaller 5 than V2. That is,
v<V2. (Cl005/C0)(11/1-3)-v)/v Therefore, if a ratio of the
capaci tance Cl oos of the condenser 1005 to the capacitance Co of the
static capacit aheeefatisnshiplbetaeen tdrmbtatic bapagitahce Cof between
di fference between 10 vr3 and the driving voltage of the voltage

i ndi cat or 2ROGetrmihhd T apd he/otétayeessedAmMdn@ theotap el tetldeaQRos
pressure of the vacuum bul b 101 can be di agnosed. In this
enbodi nent of tine di AgHeindeniserh®o @ Wer agmliloati. Thelddiiengaidl tage
circuit and the vacuum pressure was conducted, but 15 it is possible

to conductyas¥ )thbhﬁoﬂt@@é\(zﬁcﬂ.c@ftoﬁ:hﬁow@@!wﬁllﬂr BESéeal o bhismaller
enbodi ment the termnal 50 is disposed in opposite relation to the

netal vessead 3, ORg s8N s0f yidip; vacuum pressure diagnosi s condenser
1005 is connected to the termnal 50 and

(Cro0s/Co) ={(V/V 3)-v}/v
Therefore, if a ratio of the capacitance Co5 0f the
condenser 1005 to the capacitance Cy; of the static capacitance
Co 1s equal to or smaller than a ratio of a difference between
10 v+ 3 and the driving voltage of the voltage indicator 2000 to
the driving voltage v, soundness of the voltage pressure of the .
vacuum bulb 1()1 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 1s 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



20 the other end of thereof is earthed. The voltage indicator 2000 is
connected to the first condenser by neans of the co-axial cable 1007
and is connected to the connecting plug 1006. The vol tage i ndi cat or

i s detachable fromthe connecting plugi The vacuum pressure is

di agnosed by the voltage indicator 2000 upon 25 demand. The portable
vol tage indicator 2000 is detachable, and 21 can be used for

di agnosi s of the vacuum pressure of the switches on different sites.
Therefore, the diagnosis is conducted econonically. In this
enbodi nentgan hewged: fier ddrghoals 5F fle vpposmdressirehef theawitehes!
12, anot her nenber such as conductive filmmmay be used instead of the
term nal 5 differéactosditey. tThetwfahodheediagsoste iheacumtetl ng
pl ugs 1003 and 1006 are identical in the structure, one voltage

i ndi cat or essmmood.caddgected to them As a result, the vacuum ' pressure
of 10 the netal vessel and the power application to the main circuit
can be di agnomecdhis Rmbodimghe, vohdwgle theditegindhabyso b Bpidselde to
connecting plugs. In addition, the diagnosis of the voltage indicator

2000 i sselthecast&E véesel Theaabeher mimber SidicHslcsi@ittaye £vai mabl e
circuits or elenents for conducting diagnosis of 15 the vacuum

pressure, i asade ingteABCESSRHY terid nagnee .t he di agnosis of the
present invention is econom cal and sinple.
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 sclid insulatof 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

256 casing, but they may be arranged outside of the casing.



In this enbodinment, the switch section 100 is cévered with the solid
i nsul ator 20 such as epoxy resin together with the termnal 50, and
the conductive coating 21 to be earthed is 20 fornmed thereon. \Wen
the conductive coating is earthed, opepator 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 nmay
be arranged outside of the casing. 22 The connecting neans is
connecti ng pl the d83ctlif®o mebons fhecomidaning pdugat 80020000 @EN Bt
el ectrically connected to the ends of the condensers 1001, 152 with
vari ous netins velithgasimsidcawer 200 can be éledtricaAliyodonmsdted b the
status of power application of the main circuit and the soundness of
t he vol t agend$1dift ather candefdsags ob@ul prise witht kardboagnasanss efudihas
vacuum pressure. Therefore, the diagnosis is carried out safely and
w th high setdwd) ldtlcy. 10The di agnosis of the vacuum pressure of the
switch section is conducted wi thout increasing a cost and naking the

struct e conphittalscembbaiméldt | ithl, statidsvpbhdsagpidicedrtioh SOel S
equi pped with several terminals for connecting to the connecting

pl ugs 1003naikPQGrcdie dhagersi Soladdid ¥ teB $68¢tL98 dmadtd@re

vacuum pressure can be conducted sinmultaneously. The connecti ng

pl ugs 100%1%;%9@@ 2rdbePes ethonaidimddidnbrPAg! vd29em Hrddtureasi ng 2

so that oper lity and safety are 1ncreased. However, ‘the connecting

pl ugs can ‘i‘}?el‘ﬂﬂ%s,eghgndﬁggkgfsi&aﬂ%l éaﬂfiét? t @%a‘%@%%ﬁ&%dﬁhath&gh

i nspectors can observe the Indication o e voltage In
easily. 'rkéiﬂé%i§§3§?1 the vol tage indicator can be such that the
status of the soundhess of vacuum pressure or main switch or voltage

i ndi cafpor i tsghfe gi?ﬁ%é&'& o%s*féé’%%uuﬂu%%{fuxeé 855the switch (fq&%i]:ainr st

condenser 1005 an e connecting plug are connecte

coupling CP&QSH&E&&@ Q}tHXugﬁ%%%e%fsihBea 88%@)911%' making the structure

complicated. In addition, 1f 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 leng 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
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23 cabl es 1007,1004. As a result, the wiring di stance between the
vol tage indicator 200 and the third condenser 1001 or second
condenser 152 is the sane at any positions. Therefore. The
capaci tance generating on the wiringsgare the sane at any 5 positions
so that it is possible to adjust voltages applied to the connecting
pl ugs by neans of the static capacitance of the first condenser 1005
and/ or coupling condenser 1001. 24 CLAIMS: 1. A vacuum sw tchgear
conpri si ng: a vacuum nmetal casing, in a floating potential,
havi ng a peables 1887 n1e04 c dist 8 nemvditi.sthg wirtingedi stane beétwaean the
novabl e el ectrode di sposed therein; - an operating nechani sm for
per f or m ngveltagshiingicptent2@h ayfd tthe third eindemsedeland om\vssiond
el ectrode; a bus-bar for supplying electric power to the main
circuits; conddiserf db2sdpptiengamnd ext rany posetibns i Therefore .CiTheui t s
to a |l oad side; and an envel ope for enclosing the above el enents;
char act er i caphditdnlcat generabhingnoel thee wiripgevadedthé t Same fatr siny
connecti ng nmeans, detouchably connected therewith, for connecting a
vacuumspr egcsirtel chisagoadiat freaits peksabiactamdpuss sioltagest AppIBédlco
casi ng;

the connecting plugs by means of the static capacitance of the

first condenser 1005 and/or coupling condenser 1001.



a second connecti hg nmeans, detouchably connected with the envel ope to
whi ch a current application diagnosis neans for diagnosing current
application of the main circuits i s connected; wherein the first
connecting means and the second connecting neans are in conmon use
and the vacuum pressure diagnosis neaB4 and the current application
di agnosi s neans are the sanme. 2. The vacuum swi t chgear according to
claim1, wherein the second connecting neans is applied with a

vol tage of a condenser, connected to an end of a condenser for
detecting | tage, which is connected to a |oad side conductor

el ectrical f y%%hected with the main circuits and the cable. 3. The

vacuum sw ig?ggg&ugﬁc&gﬂj oh@ Egl?ﬁﬁgind/\.herei n the second connecting

means i s appli wth a voltage o e coupling condenser for.

detecting the yoliaee RytaPansiol,aisos aicak iy pdi@ntidl, Thevimcdum
swi t chgear according to any one of clains 1 to 3, which further
conpri ses aiondtichaini cistdudtted chmpm $ hrey retfdkedaslentadd apgosi ng
the netal casing outside thereof, and a condenser connected with the
conduct or, ayebdeaghestrefie adsunspretReeiniwherein the first

connecting neans is applied with the voltage of the cqondenser for
di agnosi ng theaweaaﬁgw%g@ehémrs.f#h%ewﬁg'a&ﬁsﬁw% B ORFEEN 8P ng

nosi ng. . $ | _ S HRAAT
Vol Lage of FheEoRsR e hrodtagnaat h i Saetia® cscur e by nes

or osin e vacuum pressure by means

of a co-axial aﬂfgﬁgﬂ@ar £8r ﬁﬁ&y@&ggm%i&ﬁ%& £8¢ERMHIAd 1.2 \akaim 5,
wherein the conductor 1s a conducting termnal. 7. A vacuum

swi t chgear conpehBléFor supblvdaglmemirdlc s@simbron thanbinatimgits
vol tage,. having a pair of main circuits conprising a fixed el ectrode
and a novalice acllesd r vk /diagylosed t her ei n;

an envelope for encleosing the above elements;
characterized in that:

the envelope is provided with a first connecting means,
detouchably connected therewith, for connecting a vacuum
pressure diagnosis means of a2 vacuum pressurxe in the metal
casing;

a second connecting means, detouchably connected with the
envelope to which a current application diagnosis means for
diagnosing current application of the main circuits is
connected;

wherein the first connecting means and the second connecting
means are in common use and the vacuum pressure diagnosis means

and the current application diagnosis means are the same.

2. The vacuum switchgear according to claim 1, wherein the
second connecting means is applied with a voltage of a

condenser, connected to an end of a condenser for detecting



26 an operating mechani smfor performing swtching operation of

the fixed el ectrode and novabl e el ectrode; a bus-bar for supplying
electric power to the main circuits; a cable for supplying electric
power fromthe main circuits to a Ioag si de, and an envel ope for
encl osi ng the above el enents, charact Pized in that: one end of a

condenser, connected to a |oad conductor, which is electrically
connected to the main circuits and the cable, is connected with a
coupl i ng condenser for detecting a voltage; t he envel ope is
det ouchabl yopeyd o U 0s2c6AN00Md 10 BR202a 18 WD lcGRaACELAGNOS! S
means for diagnosing current application of the main circuits is
connect ed; glect#ita MG/ a88:Ofed KA tBOYURE i rc@Ndenses ans 8RRl dad .0

t he di agnosi s neans; a conducting termnal insulated fromthe
met al casing and opposing thereto is disposed outside of the netal
casi ng, wherein the terminal is connected wth the condenser for

di agnosi s 8f Thee Varswimepieshkgray accordhngctd wlaisl Eageheyeirthdhe
condenser for the vacuum pressure i s applied to_ the

di agnosi n | S

termnal; 3€c© %&%n&&ﬁgggsm‘?%swf GPPatagbsithG vaLEEPE Reddre of
the netal casi di_ agnoses en fhe voltage of .the condenser for
vacuum di e e SPBRRFRR By menestSrt ate SantaberBY M us & n
the two co&ggﬁhkﬂgwgﬁggﬁ'are i n conmon use, wherein a ratio of a
static capacitance of the coupling condenser for the voltage
detection and that of the condenser

4. The vacurum switchgear according to any cone of claims 1 to

3, which further comprises a conductor insulated from the metal

casing and opposing the metal casing outside theresof, and a

condensger connected with the conductor, for diagnesing vacuum

pressure, wherein the first connecting means is applied with

the voltage of the condenser for diagnosing the vacuum pressure,

3. The vacuum switchgear according to ¢laim 4, wherein the first
connecting means is applied with the voltage of the condenser
for diagnosing the vacuum pressure by means of a co-axial

wiring.

6. The vacuum switchgear according to claim 5, wherein the

conductor is a conducting terminal.

7. A vacuum switchgear comprising:
a vacuum metal casing, in a flecating voltage, having a pair
of main circuits comprising a fixed electrode and a movable

electrode disposed therein;



27 for the voltagé detection is not larger than a ratio of the
operating voltage of the diagnosis neans to a difference between a
1/r3 the power network voltage and the operating voltage of the

di agnosi s vol tage, and wherein the vacuum pressure di agnosi s
means and the current application diaghosis nmeans are the same. 8. A
vacuum swi t chgear conpri si ng; a vacuum swi tch conprising a pair

of switch sections each having a fixed el ectrode and a novabl e
el ectrode each being surrounded with an insulating cylinder and

di sposed in a YaRURIBLE! nd@ainiSn f&egé\%ﬁm@eg{agta?ﬂ?dgbﬁepétm%i ng

three positions of close, open and di stonnecti on; vacuum

earth swi t chif hened 11l xads i & et SR eindnmdtr bl & dIeakbaegl ectrode and a
fixed el ectrode di sposed in a vacuum netal casing each being

surrounded wi t h aws-bascatsupplyyhordertric povan topdreata hrge teahiars ;sm
for conducting switching of the fixed el ectrodes and novabl e

el ectrodes of 9&@RdM 5 prPPhNNa ebeetrihpevet Ehom thg MR ehrcfids
feeding electrig paower to the main circuits; a cable for feeding
electric power? tclﬁaéi1 Fo48 13 the main circuits; an envel ope

encl osing the yacuwm.suid e, gaLidL sW Leh apd.dhe gperating

mechani sm a coupl 1 ng condénser i Ag- vol'tage of an

earth pot ety al;drer¢ongest 64,40 one end of the condenser for
detecting voltage one end of which is connected to a conductor for

28 one end of a condenser, connected to a load conductor, which
ig electrically connected to the main circuits and the cable,
is connected with a ¢coupling condenser for detecting a voltage;

the envelope is detouchably provided with a connecting
means to which a diagnosis means for diagnosing current
application of the main circuits is connected;

the voltage of the coupling c¢ondenser is applied to the
diagnosis means;

a2 conducting terminal insulated from the metal casing and
oppesing thereto is disposed cutside of the metal casing,

wherein the terminal is connected with the condenser for
diagnosis of the wvacuum pressure;

wherein a voltage of the ¢ondenser for diagnosing the vacuum
pressure is applied to the terminal;

the diagnosis means for diagnosing vacuum pressure of the
metal casing diagnoses when the voltage of the condenser for
vacuum diagnesis is applied by means of a co-axial wiring;

wherein the two connecting means are in common use,

wherein a ratio of a static capacitance of the coupling

condenser for the voltage detection and that of the condenser



connecting the cable with the main circuits by neans of a co-axial

wiring to apply a voltage of the coupling condenser for detecting the

vol t age; wherein the envelope is provided with a connecting plug
for detouchably connecting a diagnosis neans for diagnosing the
current application of the main circuf?s based on the voltage of the
coupl i ng condenser, a termnal is disposed in the envel ope and
outside of the netal casing, which is opposed to the netal casing and
insulated fromthe netal casing, one end of which is connected to a

condenser far. gg%g@%j}.n o Y HHL PLESBH&: lar?c?]zy\’rﬁfa?li Lhes lLk,R9

condenser for vacuum pressure an € coupl1 ng conaenser

for detectifihRenyagsivady @FSURE ANELINE Cormaxbato WM IdiFTFe@ERce
connected by nmeans” of anot her co-axial wring, a second

connect i ng Haltwgehos DAl GUuehabbdveaomReGbROvé gl agaoshe dRangiher
vacuum pressure of the netal casing; wherein a voltage of the
condenser fwltdpagabsiing diagnoaipreskisge,okntthe netal casing is

applied thereto,  wherein the first and second connecting pl ugs
are in conmon WSS iRHdeTCHHEP TRETNAR SR IRIFL StPRATS 1t EBRITER SRR

the termnal are | ded. i n one bod and wherein the diagnosis
means for &Pﬁ§ﬁ8§P$EP 3¥?F1Fh@e?ﬁ§r?5ﬁ F8§i 88%re in current
application and the diagnosi's neans for diagnosi ng vacuum pressure
are the sane

8. A vacuum switchgear comprising;

a vacuum switch comprising a pair of switch sections each
having a fixed electrode and a movable electrode each being
surrounded with an insulating cylinder and disposed in a vacuum
metal casing, the switch being capable of taking three positions
of close, open and disconnection;

a vacuum earth switch having a switch sectionwith amovable
glectrode and a fixed electrode disposed in a vacuum metal
casing each being surrounded with an insulating cylinder:

an operating mechanism for conducting switching of the
fixed electrodes and movable electrodes of vacuum switch and
the earth switch;

a bus-bar for feeding electric power to the main circuits;

a cable for feeding electric power to a load from the main
circuits;

an envelope enclosing the vacuum switch, earth switch and
the operating mechanism:

a coupling condenser for detecting voltage of an earth
potential is connected to one end of the condenser for detecting

voltage one end of which is connected to a conductor for
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connecting the cable with the main circuits by means of a
co-axial wiring to apply a voltage of the coupling condenser
for detecting the voltage;

wherein the envelope is provided with a connecting plug
for detouchably cennecting a diagnosis means for diagnosing the
current application of the main circuits based on the voltage
of the coupling condenser,

a terminal is disposed in the envelope and outside of the
metal casing, which is opposed to the metal casing and insulated
from the metal casing, one end of which is connected to a
condenser for detecting vacuum pressure,

wherein the coupling condenser for detecting vacuum
pressure and the coupling condenser for detecting the vacuum
pressure and the co-axial wiring are connected by means of
another co-axial wiring,

a second connecting plug for detouchably connecting the
diagnosis means for vacuum pressure of the metal casing:

wherein a voltage of the condenser for diagnosing vacuum
pressure of the metal casing is applied thereto,

wherein the first and second connecting plugs are in common
use, wherein the vacuum switch, the earth switch and the
terminal are molded in one body, and

wherein the diagnosis means for diagnosing whether the main
circuits are in current application and the diagnosis means for

diagnosing vacuum pressure are the same,



