- 1 - TITLE OF THE | NVENTI ON VACUUM | NSULATED SW TCHGEAR BACKGROUND OF THE
I NVENTION 5 [Field of the Invention] The present invention relates to a
vacuum i nsul ated sw tchgear, specifically, to a technology for suppressing
di el ectric breakdown of a vacuuminsul ated switchgear that uses a solid

I nsul ati on nethod. 10 [Description of Related Art] A power receiving
facility has a closed power distribution panel (referred to below as a
switchgear at appropriate places) that includes a vacuum breaker for
shutting off load current and fault currént, a 15 disconnecting switch and
an earthing swtch for securing safety for an operator who services a | oad,
a detector for detecting a voltage and current in the system a protective
rel ay, and THRLE Q& THE ENVENRIGN switchgear is insulated in various ways;
20 in addition to conventional air insulated panels and cubicle gas

i nsul at ed NAGUWNcENSULATED; )SWHRGHGEAR an SF6 gas, swi tchgears that use
solid insulation, conpressed air insulation, and conpl ete vacuum insul ati on
have cone on the

BACKGROUND OF THE INVENTION
5 [Field of the Invention]

The present invention relates to a vacuum insulated
switchgear, specifically, to a technology for suppressing
dielectric breakdown of a vacuum linsulated switchgear that
uses a solid insulation method.

10 [Description of Related Art]

A.power receiving facility has a closed power
diétribution panel (referred to below as a switchgear at
appropriate places) that includes a vacuum breaker for
shutting off load current and fault current, a

15 disconnecting switch and an earthing switch for securing
safety for an operator who services a load, a detector for
detecting a voltage and current in the system, a protective
relay, and the like.

This type of switchgear is insulated in various ways;

20 in addition to conventional air insulated panels and
cubicle gas insulated switchgears (GiSs) that use an SFé6
gas, switchgears that use solid insulation, compressed air

insulation, and complete vacuum insulation have come on the



2 market in recent years as an aid to solving environnental issues. For
exanpl e, Patent Docunment 1 describes a vacuum insulated switchgear in which
a switching portion that 5 integrates shutoff, disconnection, and earthing
functions 1into a vacuum container is solid-insulated by being nolded by
epoxy resin, and a conductor on a bus side and conductor on a |oad side
that extend fromthe swtching are solid- insulated. 10 Patent Docunent 1:
Japanese Patent Laid-open No. 2007- 14087 SUMVARY OF THE | NVENTI ON However,
it cannot be said that the sw tchgear t52described in Patent Document 1 is
sufficiently considered against dielectric breakdown that nmay be caused by
the use of the solid insulation nethod. Specifically, the vacuuminsul ated
swi t chgear mariRet elvi réeentreyéads g edmt £5d Voo dso(wdnig hohebrommdbt£E5, and 20
cavities) on bonding interfaces between insulative bushings and cable head
insulatingdf%%GQgs, the insul ative bushing covering a conductor extending
froma nolded resin portion - 3

For example, Patent Document 1 describes a vacuum

insulated switchgear in which a switching portion that

5 integrates shutoff, disconnection, and earthing functions
into a vacuum container is solid-insulated by being molded
by epoxy resin, and a conductor on a bus side and conductor
on a load side that extend from the switching are solid-
insulated.

10 Patent Document 1: Japanese Patent Laid-open No. 2007-

14087

SUMMARY OF THE INVENTION
However, it cannot be said that the switchgear
15 described in Patent Document 1 is sufficiently considered
against dielectric breakdown that may be caused'by the use
of the solid insulation method.
Specifically, the vacuum insulated switchgear in Patent
Document 1 generates voids (air holes, bubbles, and
20 cavities) on bonding interfaces between insulative bushings
and cable head insulating members, the insulative bushing

covering a conductor extending from a molded resin portion



of the switching, the cable head insulating nmenber covering a conductor of
a cabl e head connected to the extending conductor and al so covering the
outer periphery of the bushing. 5 The surface of the cable head insul ating
menber is earthed, so a high electric field between a high potential of
the conductor and a ground potential of the cable head insulating nenber is
applied to the voids on the interface between the bushing and the cable
head insul ating menber. 10 As a result, the voids cause partial discharge
and thereby the cable head insul ati ng ' ngnber and other portions are
deteriorated, possibly causing dielectric breakdown. An object of the
present invention is to suppress dielectric breakdown that may be caused
when a hi ghofiSthe eswitchingl dthes caiple dukdad Indokati ing i mensvre @ oot imep n
solid insulating nmenbers of a vacuuminsul ated switchgear that uses a solid

i nsul ati on gegdintlactior SO V& dd11 & Il E B SRRt A ADYE e g [ nsul ated

swi tchgear according to the present invention 20 conprises a vacuum
contalner s LUASSbEST A BRI R I R SR R o e e
-4 bushing.

5 The surface of the cable head insulating member is
earthed, so a high electric field between a high potential
of the conductor and a ground potential of the cable head
insulating member is applied to the voids on the interface
between the bushing and the cable head insulating member.

10 As a result, the voids cause partial discharge and thereby
the cable head insulating member and other portions are
deteriorated, possibly causing dielectric breakdown.

An object of the present invention is to suppress
dielectric breakdown that may be caused when a high

15 electric field is applied to a bonding interface between
solid insulating members of a vacuum insulated switchgear
that uses a solid insulation method.

To solve the problem described above, a vacuum
insulated switchgear according to the present invention

20 comprises a vacuum container, fixed contacts disposed in

the vacuum container, movable contacts disposed in the

vacuum container capable of being in contact with or out of



contact with the fixed contacts, a driving nechanismfor driving the
novabl e contacts in directions to contact wwth and out of contact with the
fixed contacts, a resin portion nolded around the vacuum cont ai ner,
i nsul ati ve bushings, 5 which are connected to the fixed contacts and cover
pul | ed- out portions of conductors extending fromthe nolded resin portion,
and cabl e heads insul ati ng nenbers, each of which covers a conductor of a
cabl e head connected to the conductor at the pul | ed-out portion and an outer
surface of 10 the cable head insul ati ng4menber being earthed. A conductive
menber, which is earthed, is enbedded at |east at a position opposite to an
end of the cabl e head insulating menber in the bushing. As described above,

voi ds are gesetadedvirh tiee 15 ied eddricacte) e alriviend urddhgn teidl fidye cabl e
head insulating nmenber that covers the bushing. Particularly, a high

telhgcfzgalbi:ef Ihead m%aﬁp%ilﬁ%’én@r% &%2@‘% e eartéi&dt con SeOf
menber is enbedded af | east at t p 05|te to the end of t he
cabl e head aR s?H%t?é‘igc%trﬁfetr ‘Yﬁ‘gth Jg-i?f‘?i% Cctfh %isectéiilie%’rlbilt?rfé;fﬁiied to
the voids can be alleviated. Accordingly, it is -

molded around the vacuum container, insulative bushings,

5 which are connected to the fixed contacts and cover pulled-
out portions of conductors extending from the molded resin
portion, and cable heads insulating members, each of which
covers a conductor of a cable head connected to the
conductor at the pulled-out portion and an outer surface of

10 the cabie head insulating member being earthed.

A conductive member, which is earthed, is embedded at
least at a position opposite to an end of the cable head
insulating member in the bushing.

As described above, voids are generated on the

15 interface between the bushing and the cable head insulating
member that covers the bushing. Particularly, a high
electric field is applied to voids at the position opposite
to an end of the cable head insulating member. However,
when the earthed conductive member is embedded at least at

20 the position opposite to the end of the cable head

insulating member in the bushing, the electric field

applied to the voids can be alleviated. Accordingly, it is



possi bl e to suppress partial discharge caused by the high electric field on
the voids as well as deterioration of the bushing and cable head insul ating
menber and dielectric breakdown that may be caused by the parti al

di scharge. 5 The earthed conductive nenber nay be enbedded like a ring at
the root of the bushing on the nolded resin portion side, the end of the
cabl e head insulating nenber facing the bushing. Wen the cabl e head

i nsul ating nenber is placed on the bushing to cover it, a high electric
fieldis 10 likely to be applied to the Pnterface between the root of the
bushi ng and the cabl e head insul ati ng nenber. Wen, however, the conductive
menber is enbedded like a ring into the conductor at the root of the

bushi ng, dippsesivle tdrauppiess geartbiakbfdisdhamdey caypge® pedthd Shidten
conductive nmenbers are enbedded into the bushing for the conductor on the

or cakdown (TRICRRY B A 2e 10 Y R el At e S S e
he out or SHANERS A0 (RARME RRd caRT LRI B e COHh A e SRt R dust | ve
menber to the conductive layer. - 6
breakdown that may be caused by the partial discharge.
5 The earthed conductive member may be embedded like a
ring at the root of the bushing on the molded resin portion
side, the end of the cable head insulating member facing
the bushing. When the cable head insulating member is
placed on the bushing to cover it, a high electric field is
10 likely to be applied to the interface between the root of
the bushing and the cable head insulating member. When,
however, the conductive member is embedded like a ring into
the conductor at the root of the bushing, dielectric
breakdown can be effectively suppressed.
15 When conductive members are embedded into the bushing
for the conductor on the bus side and the bushing for the
conductor on the load side, dielectric breakdown that may
be caused on both the bus side and load side can be
suppressed.
20 It is also possible to form an earthed conductive layer

on the outer surface of the molded resin portion and

connect the conductive member to the conductive layer.



It is also possible to connect the conductive nenber enbedded into one of

t he bushings for the bus-side conductor and the | oad-side conductor to the
conductive |ayer and to use the conductive nmenber enbedded into the 5 other
bushing as a potential neasuring termnal by not to be connected to the
conductive layer so that it has a floating potential. The conductive nenber
having a floating potential does not generate a voltage when not connected
to the conductor, 10 and generates a voltage when connected to the
conductor. Accordingly, it can be easiTyﬁdéternined whet her the conduct or
I's connected by, for exanple, measuring a voltage on the termnal of the
conductor or connecting a light emtting diode (LED) and the like to the
term nal. 15 Thet pid exlisalpadsibie pud erdnndc tredsurcarngiuadrinden alember
sufficiently lower than the voltage applied to the conductor, so an effect

of suppressinibdded Hintd YrRCIUE Gnef HRIshingdMedel theaPRId-@dded the voids can

al so be derived. The nunber of conponents can be reduced when conpared with
20 a case in ich_a

conduct or i%® & : g:lh];?lr T%?@? icl;??{dt‘?g’ trerirg"niﬁ’% Vého%%‘}(?gg resin
portion nol ded around the vacuum 7
layer and to use the conductive member embedded into the
5 other bushing as a potential measuring terminal by not to
be connected to the conductive layer so that it has a
floating potential.
The conductive member having a floating potenfial does
not generate a voltage when not connected to the conductor,

10 and generates a voltage when connected to the conductor.
Accordingly, it can be easily determined whether the
conductor is connected by, for example, measuring a voltage
on the terminal of the conductor or connecting a light
emitting diode (LED) and the like to the terminal.

15 . The potential of the potential measuring terminal 1is
sufficiently lower than the voltage applied to the
conductor, so an effect of suppressing the high electric
field from being applied to the voids can also be derived.
The number of components can be reduced when compared with

20 a case in which a specific terminal for determining whether

the conductor is connected is provided as in the prior art.

The molded resin portion molded around the vacuum



contai ner and the bushing can be integrated into a coomon body. In this
case, it suffices to forman earthed conductive |ayer on a surface of an
area excluding the bushing. 5 The present invention can suppress dielectric
breakdown that nmay be caused when a high electric field is applied to a
bondi ng interface between solid insulating nmenbers of a vacuuminsul ated
swi tchgear that uses a solid insulation nethod. 10 BRI EF DESCRI PTI ON OF THE
DRAWNGS FIG 1 is a side view showi ng an enbodi nent in which a vacuum

i nsul ated swi tchgear of the present i nvedtion is applied as a feeder panel.
15 FIG 2 is a front view show ng the enbodi nent in which the vacuum

I nsul ated switchgear of the present invention is applied as the feeder

panel . Fl G céntaimepearsipethe Vimushiwg séenmi g 1rimee gardooell nbwto i a0 covmanh t he
vacuum i nsul ated swi tchgear of the present 20 invention is applied as the

feeder panepoaf! Gim A dddevislt @@&ri@ass%w'f&nt b @Eqdiggent in  which
the vacuuminsul ated sw t chgear of the present -

conductive layer on a surface of an area excluding the
bushing.

5 The present invention can suppress dielectric breakdown
that may be caused when a high electric field is applied to
a bonding interface between s0lid insulating members of a
vacuum insulated switchgear that uses a solid insulation

method.
10

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side view showing an embodiment in which a
vacuum insulated switchgear of the present invention is
applied as a feeder panel.

15 FIG. 2 is a front view showing the embodiment in which
the vacuum insulated switchgear of the present invention is
applied as the feeder panel.

FIG. 3 is a perspective view showing the embodiment in
which the vacuum insulated switchgear of the present

20 invention is applied as the feeder panel.

FIG. 4 is a circuit diagram showing the embodiment in

which the vacuum insulated switchgear of the present



invention is applied as the feeder panel. FIG 5 is a longitudinal cross
sectional view showing the structure of a vacuum doubl e-break
three-position type switch of the enbodi nent in which the vacuum i nsul at ed
5 switchgear of the present invention. FIG 6 is a perspective view for
illustrating an operation of the vacuuminsul ated sw tchgear of the present
I nvention. FIG 7 is a cross sectional view of the nolded vacuum 10

doubl e- break three-position type switch and an earthing switch of the
embodi ment i n whi ch the vacuuminsul ated® 3witchgear of the present
invention. FIG 8 is a perspective view show ng only conponents in a nol ded
resin portion of the enbodinent in which the 15 vacuum insul ated sw t chgear
of the presianentihomtiisorappliled & dhevferdear tpaaleldr awi ng for vari ati on of
the enbodi ment in which the vacuuminsul ated switchgear of the present

invention. FIGpid i5 f5Sd ond OMMAIT T80 St FIHP0IVEY dHbwiafy Whi ch
t he vacuun1|nsulated smﬁtchgear of the present invention Is apBTled as a
bus sect i ongld ZNQ AN of 'Cvabhdn dbublebreak IHAD- Y 1%, Agpt her - 9
switch of the emquiment in which the vacuum insulated
5 switchgear of the present invention.

FIG. 6 is a perspective view for illustrating an
operation of the vacuum insulated switchgear of the present
invention. |

FIG. 7 is a cross sectional view of the molded vacuum

10 double-break three-position type switch and an earthing
switch of the embodiment in which the vacuum insulated
switchgear of the present invention.

FIG. 8 is a perspective view showing only components in
a molded resin portion of the embodiment in which the

15 vacuum insulated switchgear of the present invention.

FIG. 9 shows a partial drawing for variation of the
embodiment in which the vacuum insulated switchgear Qf the
present invention.

FIG. 10 is a side view showing another embodiment in

20 which the vacuum insulated switchgear of the present

invention is applied as a bus sectionalizing panel.

FIG. 11 is a circuit diagram showing the other



enbodi nent in which the vacuuminsul ated sw tchgear of the present

I nvention is applied as the bus sectionalizing panel. FIG 12 is a side

vi ew showi ng anot her enbodinment in 5 which the vacuum insul ated swi tchgear
of the present invention is applied as a feeder instrument panel. FIG 13
Is a circuit diagramshow ng the other enbodinent in which the vacuum

I nsul ated switchgear of the present invention is applied as the feeder

i nstrunment panel. 10 FIG 14 is a side view showi ng anot her enbodi nent in
whi ch the vacuum i nsul ated sw t chgear of 2t he present invention is applied
as a bus instrunent panel. FIG 15 is a circuit diagramshow ng the other
enbodi nent in which the vacuum i nsul ated sw tchgear of the 15 present

i nvention iembaiineart dn twieldiuthHenstgoumntinpanated [SwhiAldhHdeddESERIURE ON OF
THE PREFERRED EMBODI MENTS Enbodi nents of a vacuum i nsul ated swi t chgear by

PPl Yi Nt g e N MO Ofk W1 80 G5 hifed bl Az fgpe 1O e

drawi ngs. I'n the description that fo | ke el enents are ot ed by
li ke reference nunerals to elimnate duplicate explanation. - 10 FIGs. 1
to 3 are aRAMdview, a front view, and a

FIG. 12 is a side view showing another embodiment in
5 which the vacuum insulated switchgear of the present
invention is applied as a feeder instrument panel.

FIG. 13 is a circuit diagram showing the other
embodiment in which the vacuum insulated switchgear of the
present invention is applied as the feeder instrument panel.

10 FIG. 14 is a side view showing another embodiment in
which the vacuum insulated switchgear of the present
invention 1is applied as a bus instrument panel.

FIG. 15 1s a circult diagram showing the other
embodiment in which the vacuum insulated switchgear of the

15 present invention is applied as the bus instrument panel.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Embodiments of a vacuum insulated switchgear by
applying the present invention will be described with
20 reference to the drawings. In the description that follows,
like elements are denoted by like reference numerals to

eliminate duplicate explanation.



perspective view of an enbodi nent of the present invention in which the

I nventive vacuuminsul ated switchgear is used as a feeder panel. FIG 4 is
a diagramof an electric 5 circuit in the vacuuminsul ated switchgear. The
interior of a container 1 of the vacuuminsulated switchgear in this
enbodiment is divided into a | owpressure control section 2, a

hi gh-pressure switch section 3, and a bus and cable section 4, when vi ewed
fromthe top. 10 Disposed in the high-pressure switch section 3 are a
vacuum doubl e-break three-position typeitch (vacuum doubl e- break

t hree-position type breaking and di sconnecting swtch (BDS)) 8, an earthing
swtch (ES) 9 having a vacuum cl osed container, a voltage detector (VD) 10,
an operation IBIGeviketdl3 aral 4 heide kelewha Erontmviicaw) eanld ek
three-position type switch (BDS) 8, the earthing switch (ES) 9 having the

vacuum cl grad ﬁﬁﬂé“%ﬁev@% ta?ﬁe\ﬁm&a%r&eto%ctt@fe % n the

above- nentione h-vol t age SMAtCh section are gb |ntegra Iy orned by a
) 2§2J3?h&%“tﬁ%ﬁ¥”@%€ v em%mém}%%e%%aéﬁw%ﬁ‘%' ght, -
11 The unitized switching has an isol at ed- phase structure.
as a feeder panel. FIG. 4 is a diagram of an electric
5 circuit in the vacuum insulated switchgear. The interior of
a container 1 of the vacuum insulated switchgear in this
embodiment is divided into a low-pressure control section 2,
a high-pressure switch section 3, and a bus and cable
section 4, when viewed from the top. .
10 Disposed in the high-pressure switch section 3 are a
vacuum double-break three-position type switch (vacuum
double-break three-position type breaking and disconnecting
switch (BDS)) 8, an earthing switch (ES) 9 having a vacuum
closed container, a voltage detector (VD) 10, an operation
15 device 11, and the like.
The vacuum double-break three-position type switch
(BDS) 8, the earthing switch (ES) 9 having the vacuum
closed container, and the voltage detector (VD) 10 disposed
in the above-mentioned high-voltage switch section 3 are
20 integrally formed by a molded resin portion 12 made of

epoxy resin or the like, as shown in FIG. 1. Accordingly,

the switching is unitized and reduced in size and weight.



Shi el ding | ayers are di sposed between the phases, suppressing short-circuit
faults. The outer .surface of the nolded resin portion 12 is earthed via a
conductive coating 5 material applied to its outer surface, ensuring safety
for contact. A bus-side cable head 5 is disposed in the bus and cable
section 4, the bus-side cable head being formed by covering a bus-side
conductor extending fromthe nolded 10 resin portion 12 of the switch 8 with
a cable head solid insulating nmenber. CQ the | oad side, a |oad-side cable
head 6 is disposed simlarly, the |oad- lde cabl e head being forned by
covering a | oad-side conductor extending fromthe nolded resin portion 12
with a cable head solid insulating 15 nmenber. Bushings CT 7 and ot her
conponent s Zhe whibizedsgettdhingechassani isolabedcpbasansitieatuxe de
conductor are gas- |ess conductors insulated by a solid, ensuring its

handl i ng asﬂiéﬁaﬁag-la'ﬁéry%i'ég&i?é%d%eﬁﬁeéﬁS@hé%l@&ééss'i corona 20
generated due to reduction in the degree of vacuumin the vacuum contai ner

et het L PRBRPBERARI e ATESELLENLE R Pre Y S Whatbhce o dnd X!
molded resin portion 12 is earthed via a conductive coating
5 material applied to its outer surface, ensuring safety for
contact.

A bus-side cable head 5 is disposed in the bus and
cable section 4, the bus-side cable head being.formed by
covering a bus-side conductor extending from the molded

10 resin portion 12 of the switch 8 with a cable head solid
insulating member. On the load side, a load-side cable head
6 is disposed similarly, the 1oad-side cable head being
formed by covering a load-side conductor extending from the
molded resin portion 12 with a cable head so0lid insulating

15 member. Bushings CT 7 and other components are also
disposed.

The bus-side conductor and load-side conductor are gas-
less conductors insulated by a solid, ensuring its handling
and safety. The voltage detector 10 also detects a corona

20 generated due to reduction in the degree of vacuum in the

vacuum container so that maintenance and inspection can be

easily carried out.



described in detail with reference to FIGs. 1 and 5. The vacuum

-doubl e-break three-position type switch (BDS) 8 conprises a vacuum
container 80 with an insulated cylinder 5 80a, two fixed contacts 81

di sposed in the vacuum contai ner 80, and two novabl e contacts 82 di sposed
I n the vacuum contai ner 80 capable of being in contact with or out of
contact with the fixed contacts, achieving the doubl e-break. As shown in
FIG 1, a fixed contact 81 on the left i.s 10 connected to a feeder 83,

whi ch constitutes the bus-side conductd? in the nol ded resin portion 12.
The bus-side conductor extends through the feeder 83 to the outside of the
vacuum contai ner 80 and the nolded resin portion 12 covering the vacuum
cont ai ner 80, aNekttonrieststiucture I0f ddvelunticri zEd tdwel telsteg oel ldaltdee head 5
outside the nolded resin portion 12. Another fixed contact 81 on the right

is connectfithdAived a8@ie il WAItH reFesldicd &% FiRd.oadatide . cepductor in

the nolded resin portion 12. The | oad-side conductor extends through the
feeder 84 to the i.de.of 20 .the vacu conta|ner n | ded resin
portion 12 VaSOHE} %ﬁ)dﬁ} S RFSE rﬁtlg(?rﬁ'é)o tIRE @8’%& 3833%‘1 conduct or
of the | oad-side cable head 6 outside the nDIded - 13 resin portlon 12. The
fi xed cont fOMPTIEes & faquughcoif@iner 80 with an insulated cylinder

5 80a, two fixed contacts 81 disposed in the vacuum container
80, and two movable contacts 82 disposed in the vacuum
container 80 capable of being in contact with or out of
contact with the fixed contacts, achieving the double-break.

As shown in FIG. 1, a fixed contact 81 on the left is

10 connected to a feeder 83, which constitutes the bus-side
conductor in the molded resin portion 12. The bus-side
conductor extends through the feeder 83 to the outside of
the vacuum container 80 and the molded resin portion 12
covering the vacuum container 80, and connects to the

15 conductor of the bus-side cable head 5 outside the molded
resin portion 12. Another fixed contact 81 on the righf is
connected to a feeder 84, which constitutes the load-side
conductor in the molded resin portion 12. The load-side
conductor extends through the feeder 84 to the outside of

20 the vacuum container 80 and the molded resin portion 12
covering the vacuum container 80, and connects to the

conductor of the load-side cable head 6 outside the molded



| eft, the novable contacts 82, and their near periphery are covered with
arc shields 90. The novable contacts 82 are nutually linked by a 5 novabl e
conductor 85, which is reinforced by a nmetal, such as stainless steel,
which is not annealed at high tenperature. A vacuuminsul ati on operation
rod 86 is connected to the novabl e conductor 85. The vacuum insulation
operation rod 86 is introduced out of the vacuum 10 container 80 via a netal
bellows 87, and linked to an air insulation operation rod 88. The air

i nsul ation operation rod 88 is |inked t¥® an operation rod 111 operated by
the operation device 11. Each novable contact 82 is driven via the
operation rod 15 111 and stops at three positions Yl, Y2, and Y3 shown in
FIG 5; Y1 resin gaskibmposd § i Thef dixedndontiaets ¥2 on ahe epghtpand i on for
shutting off current, and Y3 is a disconnecting position for ensuring

o0 o e WA SRS BEVAR SIS Dhop ot o

20 lightning. As shown in FIG 5, each novabl gap

i sconnect (SRPERRT oFh VS AlEHE S ect i ng gap a3 e

' The movable contacts 82 are mutually linked by a

5 movable conductor 85, which is reinforced by a metal, such
as stainless steel, which is not anneaied at high
temperature. A vacuum insulation operation rod 86 is
connected to the movable conductor 85. The vacuum
insulation operation rod 86 is introduced out of thé vacuum

10 container 80 via a metal bellows 87, and linked to an air
insulation operation rod 88. The air insulation operation
rod 88 is linked to an operation rod 111 operated by the
operation device 11.

Each movable contact 82 is driven via the operation rod

15 111 and stops at three positions Y1, Y2, and Y3 shown in
FIG. 5; Y1 is a closed position for conduction, Y2 is an
open position for shutting off current, and ¥3 is a
disconnecting position for ensuring safety for a check
operator against a surge voltage caused by, for example,

20 lightning.

As shown in FIG. 5, each movable contact 82 has a break

gap g2 at the open position Y2, and a disconnecting gap g3



Is set to have a di stance between the el ectrodes, the distance being al nost
tw ce the distance of the break gap g¢g2. Wen the disconnecting gap g3 at a
time of 5 disconnection is set to have a distance alnost twi ce the distance
of the break gap g2 and a plurality of disconnecting gaps (in this exanple,
two di sconnecting gaps) in this way, mnmultistage insulation becones
possi bl e. To achi eve insul ation coordi nati on between the phases, 10 solid
insulation is applied between the phases, vacuum insulation is applied

bet ween the el ectrodes of the contacts,l4rmd the di stance between the

el ectrodes and the nunber of the electrodes are changed to set a
relationship of " inter-phase insulation > inter-electrode insulation at 15

a tinme of datcehwedisconredtieg -podtics W3R i Thealdisdonme ctdng dape Q3
breaking > inter-pole insulation for the earthing switch”. Then, at |east,

an acci denty ¢age Peco YRR &3 S8k {hdh Sdiler Usnd G WOUNRIAU! {pand spread of

the accident can be mnimz . ove-nentioned alr 1hsulation
(o be shi CRIAITS IS AImOSt P TP FHE tChtortingroeak aap
insulation reliability for prolonged use of the air
g2. When the disconnecting gap g3 at a time of
5 disconnection is set to have a distance almost twice the
distance of the break gap g2 and a plurality of
disconnecting gaps (in this example, two disconnecting
gaps) in this way, multistage insulation becomes possible.
Td achieve insulation coordination between the phases,
10 solid insulation is applied between the phases, vacuum
insulation is applied between the electrodes of the
contacts, and the distance between the electrodes and the
number of the electrodes are changed to set a relationship
of " inter-phase insulation > inter-electrode insulation at
15 a time of disconnection > inter-pole insulation at a time
of current breaking > inter-pole insulation for the
earthing switch". Then, at least, an accident can be
suppressed to a single bus-to-ground fault and spread of
the accident can be minimized.
20 The above-mentioned air insulation operation rod 88 is

covered with a bellows 89 made of rubber or metal so as to

be shielded from the air, as shown in FIG. 1. Accordingly,



I nsul ation operation rod 88 is ensured. The earthing swtch (ES) 9 having

t he vacuum cl osed container conprises a vacuum contai ner 91 having an 5

i nsulation cylinder, a fixed contact 92 fixed in the vacuum container 91
and connected to the feeder 84, and a novable contact 93 disposed in the
vacuum cont ai ner 91 capable of being in contact wwth or out of contact with
the fixed contact 92, as shown in FIG 1. 10 A vacuuminsul ati on operation
rod 94 is linked to each novable contact 93. The vacuuminsul ation
operation rod 94 is extends outwardly o¥®the vacuum container 91 via a
metal bellows 95, and linked to the insulation operation rod 112 for the
earthing switch. The vacuum contai ners 80 and 91 15 and the operation rods

111 and 112ipselatien afeliavikXaypter prsdEonded susd et tle iaqar ove their
envi ronnmental resistance. The novable contacts 93 are nmutually connected by

a CO”dUCt0in$?la@fo§FBBEEéfiéﬂ(}08-§§T¥§fﬁﬁgﬁﬁé&W'dEVice 11 perforns

switching to e 20 closed position rconduction of the switch 8, the
V5 Tor ensur i ngt8ar Sesthbns Seifen CHS ¥ patiig' i cyactin Slogde Oit age
caused by, for exanple, |ightning,
container comprises a vacuum container 91 having an
5 insulation cylinder, a fixed contact 92 fixed in the vacuum
container 91 and connected to the feeder 84, and a movable
contact 93 disposed in the vacuum container 91 capable of
being in contact with or out of contact with the fixed
contact 92, as shown in FIG. 1.
10 A vacuum insulation operation rod 94 is linked to each
movable contact 93. The vacuum insulation operation rod 94
is extends outwardly of the vacuum container 91 via a metal
bellows 95, and linked to the insulation operation rod 112
for the earthing switch. The vacuum containers 80 and 91
15 and the operation rods 111 and 112 are made of, for example,
stainless steel to improve their environmental resistance.
The movable contacts 93 are mutually connected by a
conductor 96, as shown in FIG. 2.
The operation device 11 performs switching to the
20 closed position Y1 for conduction of the switch 8, the open

position Y2 for shutting off current, and the disconnecting

position ¥3 for ensuring safety for a check operator



and also turns on and off the earthing swwtch 9. The structure of the
operation device 11 will be described in detail with reference to FIG 6. 5
Conmponents of the operation device 11 are fixed to a support plate 113

di sposed in the high-voltage switch section 3. The operation device 11
generally conprises a first operation nmechanism 200 for switching the
positions of the novable contacts 82 of the switch 8 between the 10 cl osed
position Y1 and the open position Y2, a second operation nechani sm 300 for
swi tching the positions of the movable Xbritacts 82 of the switch 8 between
the open position Y2 and the disconnecting position Y3, and a third
operati on nmechani sm 400 for operating the novable contacts 15 93 of the
eart hi ng swgainst &isyrge tvelitage ctansed by hefdn restample atdightreloigni sm
200 will be described wth reference to FIG. 1 and 6. In FIG 6, a first

shaft 201 ignd dBSRbbyrissRerdedl & tiife Saiiig Mwitech 18, Theee | evers 202
are fixed to the first 20 shaft 201 in the axial direction of the first

shart 200, SeralE 40 B oderdIEnfl lslodl) YnBPR RBSeF | 1
Posttion, OPRONT Seith 'Teerance 16 FIE. 6
5 Components of the operation device 11 are fixed to a
support plate 113 disposed in the high-voltage switch
section 3. The operation device 11 generally comprises a
first operation mechanism 200 for switching the positions
of the movable contacts 82 of the switch 8 between the
10 closed position Y1 and the open position Y2, a second
operation mechanism 300 for switching the positions of the
movable contacts 82 of the switch 8 between the open
position Y2 and the disconnecting position ¥3, and a third
operation mechanism 400 for operating the movable contacts
15 93 of the earthing switch 9.
First, the structure of the first operation mechanism
200 will be described with reference to FIGs. 1 and 6. 1In
FIG. 6, a first shaft 201 is rotatably supported by the
support plate 113. Three levers 202 are fixed to the first
20 shaft 201 in the axial direction of the first shaft 201, as

shown in FIG. 1. The distal end of each lever 202 is linked

to the corresponding operation rod 111. A lever 203 is



first shaft 201. [0038] A driving shaft 206 of an el ectromagnet 205 is
linked 5 to the lever 203 via a |inking nenber 204. A novable iron core 207
having a T-shaped cross section is fixed to the driving shaft 206. A fixed
iron core 208 fixed to the support plate 113 is disposed around this
novabl e iron core 207. A coil 209 and a circul ar pernmanent magnet 210 are
10 di sposed inside the fixed iron core 208. Atrip spring holder 211 is
attached to the driving shaft 206 at its_end opposite to the lever 203. A
trip spring 212 is disposed between rhé7trip spring holder 211 and the
fixed iron core 208. 15 Wen the novable contact 82 is retained at the
closed position Y1, the el ectromagnet 205 obtains a retention force

agai nst st diiemkderter gy paisittien,r iopposiiteg tdl2hendevlera 20Qgnionctther essur e
spring (not shown) provided to the air insulation operation rod 88 by neans
of attractigi3f dHaF2@oa0i! 209 and pernmanent nmagnet 210. In particular,
the attraction of the pernmanent magnet 210 achieves a so-called nmagnetic

| atch. - 18 IW?gOBéPe structure of the second operation nechani sm

A driving shaft 206 of an electromagnet 205 is linked

5 to the lever 203 via a linking member 204. A mqvable iron
core 207 having a T-shaped cross section is fixed to the
driving shaft 206. A fixed iron core 208 fixed to the
support plate 113 is disposed around this movable iron core
207. A coil 209 and a circular permanent magnet 210 are

10 disposed inside the fixed iron core 208. A trip spring
holder 211 ;s attached to the driving shaft 206 at its end
opposite to the lever 203. A trip spring 212 is disposed
between the trip spring holder 211 and the fixed iron cofe
208.

15 When tﬁe movable contact 82 1s retained at the closed
position Y1, the electromagnet 205 obtains a retention
force against stored energy of the trip spring 212 and of a
contact pressure spring (not shown) provided to the air
insulation operation rod 88 by means of attraction of the

20 coil 209 and permanent magnet 210. In particular, the
attraction of the permanent magnet 210 achieves a so-called

magnetic latch.



300 for switching the position of the novable contact 82 of the switch 8
bet ween the open position Y2 and the disconnection position Y3 wll be
described with reference 5to FIG 6. Alever 301 is fixed to a | ongitudinal
m ddle portion of the first shaft 201 on the support plate 113. An
interlock pin 302 is attached at the distal end of the |ever 301. Aroller
303 abuts the interlock pin 302. The roller 303 is rotatably disposed to
one end of a crank 10 | ever 304. The crank |lever 304 is rotatably supported
on the |lower surface of the support ﬁlé@e‘llB. A driving shaft 306 of an

el ectromagnet 305 is linked to the other end of the crank |ever 304. A
novable iron core 307 is fixed to the driving shaft 306. A fixed iron 15
core 308 fixed Nextt hethsppnnictpiz eofl The seticmb o rarttiond medhanizmbl e i ron
core 307. Coils 309 and 310 are disposed vertically in the fixed iron core

308. A retuod Hr Mitthinlgs tHeS RREAG 198 WS HhfioVaraR! @ontaktC @2 8%07 and

an upper portion of the fixed ifon core 308. 20 The above-nentione
core 307 \FR P BHHEEGER tER RBToRAR. kaedsd2 ARY SPEnK | ever 16 504
to rotate. The rotation of the clank | ever 304 then
disconnection position Y3 will be described with reference
5 to FIG. 6. A lever 301 is fixed to a longitudinal middle
portion of the first shaft 201 on the support plate 113. An
interlock pin 302 is attached at the distal end of the
lever 301. A roller 303 abuts the interlock pin 302. The
roller 303 is rotatabiy disposed to one end of a crank
10 lever 304. The crank lever 304 is rotatably supported on
the lower surface of the suppbrt plate 113.

A driving shaft 306 of an electromagnet 305 is linked
to the other end of the crank lever 304. A movable iron
core 307 is fixed to the driving shaft 306. A fixed iron

15 core 308 fixed to the support plate 113 is disposed around
the movable iron core 307. Coils 309 and 310 are disposed
vertically in the fixed iron core 308. A return spring 311
is disposed between the movable iron core 307 and an upper
portion of the fixed iron core 308.

20 The above-mentioned electromagnet 305 ehergizes the

colils 309 and 310 to move the movable iron core 307

vertically. This vertical movement causes the crank lever



changes the abutnent position between the interlock pin 302 and the roller
303 so as to prevent the lever 203 from rotating around the first shaft 201
or enables the lever 5 203 to rotate around the first shaft 201.

Accordingly, it becones possible to prevent the novable contact 82 of the
switch 8 fromnoving fromthe open position Y2 to the disconnecting
position Y3, retaining the novable contact 82 at the open position Y2, or
to enabl e the novabl e contact 10 82 to nove fromthe open position Y2 to the
di sconnecting position Y3. That is, thil? structure is a first interlock
mechani sm bet ween the open position Y2 and di sconnecting position Y3 of the
novabl e contact 82 of the switch 8. Next, the structure of the third

oper ati on n¥hato arotdie A0Thieorotptian of the claakl devemt 304 TReaf t he
earthing switch 9 will be described with reference to FIG 6. A second

shaft 401 ighdffed altle aPREEE DIV 116h BPRAdn el b oS glpg}fm' n FIG

1, three levers 402 are fixed to the second shaft 401 in the .
O et o0 ohod ne TAEEAT AR AT e M Yo MY AT 072,
position, opposite to the |lever 402, on.the 20 second shaft 401.
rotating around the first shaft 201 or enables the lever
5 203 to rotate around the first shaft 201. Accordingly, it
becomes possible to prevent the movable contact 82 of the
switch 8 from moving from the open position Y2 to the
disconnecting position Y3, retaining the movable contact 82
at the open position Y2, or to enable the movable contact
10 82 to move from the open position Y2 to the disconnecting
position ¥3. That is, this structure is a first interlock
mechanism between the open position Y2 and disconnecting
position Y3 of the movable contact 82 of the switch 8.
Next, the structure of the third operation mechanism
15 400 for operating the movable contact 93 of the eafthing
switch 9 will be described with reference to FIG. 6. A
second shaft 401 is rotatably supported by the support
plate 113. As shown in FIG. 1, three levers 402 are fixed
to the second shaft 401 in the axial direction of the
20 second shaft 401. The distal end of each lever 402 is

linked to the corresponding operation rod 112. A lever 403

is fixed to a position, opposite to the lever 402, on the



A driving shaft 406 of an electromagnet 405 is linked to the lever 403 via
a |linking nenber 404. The electronmagnet 405 has a structure simlar to that
of the 5 el ectromagnet 205 of the first operation nechanism 200; a novable
iron core 407 having a T-shaped cross section is fixed to the driving shaft
406. A fixed iron core 408 fixed to the support plate 113 is disposed
around the novable iron core 407. A coil 409 and a circul ar pernanent
magnet 10 410 are disposed inside the fixed iron core 408. A spring 411 for
break is disposed between the fixed i roR%ore 408 and the |ower surface of
t he support plate 113. A second interlock nmechanismis di sposed between the
third operation nmechanism 400 of the earthing switch 9 and 15 the second
oper ati on nesdwid Sha¥d) 4foar. switching the position of the novable contacts
82 of the switch 8 between the open position Y2 and the disconnecting

position Y3. | rhtm‘?ﬁﬁig%daﬂ efOLE r’ggpr@irgcﬁg’goﬂg%%?, VA G &Pt act 82

in the swtch 8 is a e di sconnecting position or ensuring safety
| ght ni ng, EhaRS Ao oS S mRObe At cShBact o3 and Fixed -
21 contact 92 in the earthing switch 9 to be closed. Wen the
electromagnet 405 has a structure similar to that of the
5 electromagnet 205 of the first operation mechanism 200; a
movable iron core 407 having a T-shaped cross section is
fixed to the driving shaft 406. A fixed iron core 408 fixed
to the support plate 113 is disposed around the movable
iron core 407. A coil 409 and a circular permanent magnet
10 410 are disposed inside the fixed iron core 408. A spring
411 for break 1s disposed befween the fixed iron core 408
and the lower surface of the support plate 113.
A second interlock mechanism is disposed between the
third operation mechanism 400 of the earthing switch 9 and
15 the second operation mechanism 300 for switching the
position of the movable contacts 82 of the switch 8 between
the open positioanZ and the disconnecting position Y3.
In the second interlock mechanism, when the movable
contact 82 in the switch 8 is at the diéconnecting position
20 Y3 for ensuring safety for a check operator against a surge

voltage caused by, for example, lightning, the

electromagnet 405 enables the movable contact 93 and fixed



novabl e contact 82 in the swtch 8 is at the open position Y2 for shutting
off current, the el ectromagnet 405 disables the novable contact 93 and
fixed contact 92 in the earthing 5 switch 9 from being cl osed. Wen the
novabl e contact 93 and fixed contact 92 of the earthing switch 9 are

cl osed, the electromagnet 205 in the second operation nmechanism 300 is
made i noperable. Specifically, the second interlock mechani smconprises 10
a pin 412 provided at a | ower end of th% driving shaft 406 of the

el ectromagnet 405 in the third operatio Lechani sm 400, a shaft 413

provi ded parallel to the second shaft 401 below the el ectromagnet 305 in

t he second operation nechani sm 300, a | ever (not shown) provided on the

shaft 15 Z@taet [95kad the edniikdngmwidich [ thr ibd mjladedt Wbenothet he
el ectromagnet 305 in the second operation nmechanism 300, and a |ever 414

provi ded omdvibidaidntdct 3w BNaageGwitdh 8 e Rith thie?.ofxiposaRaloH i on in
an enbodi nent in which the inventive 20 vacuuminsul ated sw tchgear

seccr 101 S o AR G B Rl Wlds Rl 0 bl
SRULEING - 4% movable ‘contact 93 And fixed tontact 93 1% ihe earthing. =~
5 switch 9 from being closed. When the movable contact 93 and
fixed contact 92 of the earthing switch 9 are closed, the
electromagnet 205 in the second operation mechanism 300 is
made inoperable.
Specifically, the second interlock mechanism comprises
10 a pin 412 provided at a lower end of the driving shaft 406
of the electromagnet 405 in the third operation mechanism
400, a shaft 413 provided parallel to the second shaft 401
below the electromagnet 305 in the second operation
mechanism 300, a lever (not shown) provided on the shaft
15 413 and linked to a lower end of the driving shaft 306 of
the electromagnet 305 in the second operation mechanism 300,
and a lever 414 provided on the shaft 413 and engaged with
the pin 412,
Next, operation in an embodiment in which the inventive
20 vacuum insulated switchgear described above is used as a

feeder panel will be described. When the movable contact 82

in the switch 8 is set at the open position Y2 for shutting



200 is given a clockw se rotary force (when viewed in FIG 1) by a return
force of the trip spring 212 in the first operation nechanism 200, with the
first shaft 201 being 5 used as a fulcrum Accordingly, the interlock pin
302 disposed at the distal end of the |lever 301 in the second operation
mechani sm 300 abuts a peripheral upper surface of the roller 303,
suppressing an additional clockw se rotary 10 force by the return force of
the trip spring 212. That is, a switchaover fromthe open position Y2 for
shutting off current to the di sconnecti?fgposition Y3 for ensuring safety
for a check operator against surge voltage caused by, for exanple,
lightening is prevented. 15 Next, a switchover fromthe open position Y2 to
the cl osedfifosiurrenty thel devey @0 din dhe i ristte opersit 1 omp areathiami sm
mechani sm 200 wi || be described. Wen the coil 209 of the el ectromagnet 205

of the firsfooonegy %wﬁ ATRARRKAB? 3 tatyE ForeZ Qe & 1@ed 1§ Fidf.t 206

noves 20 upward (when viewed in FIG 6). "The upmard nnvenent of the driving
FIG 1) it e o RARIER £9T rt%@i‘tﬁenpﬁ‘)”“te“ RIS e to move
t he novabl e
operation mechanism 200, with the first shaft 201 being
5 used as a fulcrum.
Accordingly, the interlock pin 302 disposed at the
distal end of the lever 301 in the second operation
mechanism 300 abuts a peripheral upper surface of the
roller 303, suppressing an additional clockwise rotary
10 force by the return force of the trip spring 212. That is,
a switchover from the open position Y2 for shutting off
current to the disconnecting position Y3 for ensuring
safety for a check operator against surge voltage caused by,
for example, lightening is prevented.
15 Next, é switchover from the open position Y2 to the
closed position Y1 (closing operation) by the first
operation mechanism 200 will be described. When the coil
209 of the electromagnet 205 of the first operation
mechanism 200 is energized, the driving shaft 206 moves
20 upward (when Qiewed in FIG. 6). The upward movement of the

driving shaft 206 causes the lever 202 to rotate

counterclockwise (when viewed in FIG. 1) with the first



contact 82 toward the closed position Y1. In this closed state, the trip
spring 212 and contact pressure spring store energy to prepare for opening
the el ectrodes. 5 Because of the closing operation, the interlock pin 302
Is separated froma peripheral surface of the roller 303. The roller 303
stays at its initial position by the return spring 311 in the second
operati on nmechani sm 300. As described above, in view of needs for enhancing
safety, the 10 second operation nechanism 300 is a nmechanical interlock
nmechani sm so that the di sconnecting operaion by the first operation
mechani sm 200 i s di sabl ed when the switch 8 is in the closed state. That
I's, "the disconnecting operation is disabled when the novable contact is at
t he cl osed shafis20]l deing wodd caedy il cium ssores dfo nesventlvslmovablas | ocks
bet ween the breaker and di sconnecting switch. Next, a switchover fromthe

cl osed posiddPihch 82 {4falPthPWiddd ;E?sftei&?h{jﬂde%%&@g ARGkt | on) by
Il "be descri bed.

the first operation nmechanism 200 w en the coil 20 209

f the el ect t 205 in the fi ti hani sm 200 j i zed
'n a i oot DppOs (e b SHnG 1 EE T SRR G RREADN S0 as 10

elimnate the - 24 nmagnetic flux of the permanent magnet 210, the driving
store energy to prepare for opening the electrodes.

5 Because of the closing operation, the interlock pin 302
is separated from a peripheral surface of the roller 303.
The roller 303 stays at its initial position by the return
spring 311 in the second operation mechanism 300. As
described above, in view of needs for enhancing safety, the

10 second operation mechanism 300 is a mechanical interlock
mechanism so that the disconnecting operation by the first
operation mechanism 200 is disabled when the switch 8 is in
the closed state. That is, "the disconnecting operation'is
disabled when the movable contact is at the closed

15 position™ is achieved, which is one of mechanical
interlocks between the breaker and disconnecting switch.

Next, a switchover from the closed position Y1 to the

open position Y2 (electrode opening operation) by the first
operation mechanism 200 will be described. When the coil

20 -209 of the electromagnet 205 in the first operation
mechanism 200 is energized in a direction opposite to the

direction in the closing operation so as to eliminate the



shaft 206 noves downward (when viewed in FIG 1) by stored energy of the
trip spring 212 and contact pressure spring. This downward novenent of the
driving shaft 206 attenpts to 5 cause the lever 301 to rotate cl ockw se
(when viewed in FIG 1) via the lever 203 and first shaft 201. However,
this clockwi se rotation of the |ever 301 is prevented by abutnment between
the interlock pin 302 and the peripheral upper surface of the roller 303 in
t he second operation 10 nmechanism 300. As a result, the novable contacts 82
of the switch 8 can be retained at the %fen position Y2. Next, a switchover
fromthe open position Y2 to the disconnecting position Y3 (disconnection
operation) by the second operation nmechanism 300 will be described. Wen

the 15 swi tmdgrfetic diianx of thee pernandit adagrett 296 atig @migniaig 305 in the
second operation nmechanism 300 is energized, the driving shaft 306 noves

upward agai dysle{ hfbte[]‘?ﬁdv Wwriithrd (vhel VL HRUA ey detirdd | Vi Ng

shaft 306 causes e roller 303 to rotate countercl ockwi se ("when viewed in

20 FIG 1) via the crank |ever 304. This counterclaockwi se rotati,on of the
ol ler 305 SHERAY RIS, PR SRR AL A Gt RIS RS PP -and ( he

interlock pin 302 to nove - 25 downward. As a result, the operation rods
111 nove upWeksl downward movement of the driving shaft 206 attempts to

5 cause the lever 301 to rotate clockwise (when viewed in FIG.
1) via the lever 203 and first shaft 201. However, this
clockwise rotation of the lever 301 is prevented by
abutment between the interlock pin 302 and the peripheral
upper surface of the roller 303 in the second operation

10 mechanism 300. As a result, the movable contacts 82 of the
switch 8 can be retained at the open position Y2.

Next, a switchover from the opeh position Y2 to the
disconnecting position Y3 (disconnection operation) by the
second operation mechanism 300 will be described. When the

15 switch 8 is open, if the coil 309 above the electromagnet
305 in the second operation mechanism 300 is energized, the
driving shaft 306 moves upward against the return spring
311. This upward movement of the driving shaft 306 causes
the roller 303 to rotate counterclockwise (when viewed in

20 FIG. 1) via the crank lever 304. This counterclockwise
rotation of the roller 303 then causes an abutment position

between the roller 303 and the interlock pin 302 to move



via the lever 301, first shaft 201, and |ever 202, and the novable contact
82 of the switch 8 noves to the disconnecting position Y3. 5 1In the

di sconnected state descri bed above, the novable iron core 207 of the

el ectromagnet 205 in the first operation mechanism 200 is positioned bel ow
t he permanent nmagnet nount 210. Accordingly, even if the coil 209 of the
el ectromagnet 205 in the first operation mechanism 200 is 10 energized in

t he di sconnected state, there is alnbst no magnetic flux passing through
the novable iron core 207, generating #® attractive force. That is,
"closing operation is nade disabled when the novable contact is at the

di sconnected position"” is achieved, which is a nechanical 15 interlock

bet ween t haldwmales. and di sesnleGt the dperabBionNestis ail3zwnbeBoupwatgom t he
di sconnected position Y3 to the open position Y2 by the second operation

mechani sm 30Q d ! leeIde;()(‘irl tol?(}lsg Hd¥ @oslco%%ctlgq,&t ?g,ezne\g& e coi |

310 below the e ectronagnet 3 n t e second operation nlsn1300 S
ener gi zed, theﬁié\gﬂé} af t 306 ves tldi)srd and the crank |ever 304
rotates cl Q¥ agq querofS o JOYSRark® (4€ i nterl ock pin 302
26 abutting the roller 303. Accordlngly, t he anabIe cont act

disconnecting position Y3.

5 In the disconnected state described above, the movable
iron core 207 of the electromagnet 205 in the first
operation mechanism 200 is positioned below the permanent
magnet mount 210. Accordingly, even if the coil 209 of the
electromagnet 205 in the first operation mechanism 200 is

10 energized in the disconnected state, there is almost no
magnetic flux passing through the movable iron core 207,
generating no attractive force. That 1s, "closing operation
is made disabled when the movable contact is at the
disconnected position" is achieved, which is a mechanical

15 interlock between the breaker and disconnecting switch.

Next, a switchover from the disconnected position ¥3 to
the open position Y2 by the second operation mechanism 300
will be described. In the disconnected state, when the coil
310 below the electromagnet 305 in the second operation
20 mechanism 300 is energized, the driving shaft 306 moves

upward and the crank lever 304 rotates clockwise. The

roller 303 then pushes upward the interlock pin 302



82 of the swtch 8 noves to the open positions Y2. Wen the novabl e cont act
82 of the switch 8 is at the open position Y2 for shutting off current, the
5 the second interl ock nechani smengages the pin 412 di sposed
at the lower end of the driving shaft 406 of the el ectromagnet 405 in the
third operation mechanism 400. Accordingly, the el ectromagnet 405 prevents
contact 93 of the earthing switch 9 from being closed. 10 Wen
the fixed contact 92 and novabl e contact 93 of the earthing switch 9 are
closed, the lever 414 in the second int%rIock nechani smengages the pin 412

| ever 414 in

t he novabl e

di sposed at the

405. Accordingly,
di sabl ed. RbdtteEmprthe Wl éthes0Bvahkceordangagt, stia mbvabideswvbhthc8 are at
t he di sconnected position Y3 for ensuring safety for a check operator

agai nst  surge 0l trRI&WALIES ovd Lt tHP dper Igdili®NidHE e | ever 414 in

the second interlock nmechani sm enables 20 fmovement of the pin 412 di sposed

at the | ower
Accordi ngly,
- switch 9.

f

| ower end of the driving shaft 406 of the el ectromagnet

the operation by the second operation 15 nechanism 300 is

“Hhelt 15 MAS GONRI L a0 AP LS (o R ng - 27

open position Y2 for shutting off current, the lever 414 in

5 the second interlock mechanism engages the pin 412 disposed

at the lower end of the driving shaft 406 of the

electromagnet 405 in the third operation mechanism 400.

Accordingly, the electromagnet 405 prevents the movable

contact 93 of the earthing switch 9 from being closed.

10

When the fixed contact 92 and movable contact 93 of the

earthing switch 9 are closed, the lever 414 in the: second

interlock mechanism engages the pin 412 disposed at the

lower end of the driving shaft 406 of the electromagnet 405.

Accordingly, the operation by the second operation

15 mechanism 300 is disabled. Furthermore, when the movable

contacts 82 of the switch 8 are at the disconnected

position ¥3 for ensuring safety for a check operator

against surge voltage caused by, for example, lightening,

the lever 414 in the second interlock mechanism enables

20 movement of the pin 412 disposed at the lower end of the

driving shaft 406 of the electromagnet 405. Accordingly,

the third operation mechanism 400 can close the earthing



In the enbodi ment descri bed above, the rotatable roller 303 is used in the
second operation nechanism 300. The roller 303 can be a partially-circular
cam The first 5 operation nechanism 200 and third operation mechani sm 400
can be repositioned appropriately. Al though the first operation nechanism

200 uses a sol enoid operation nethod, it can also use other operation
nmet hods such as an electrical spring nethod. 10 The inventive
characteristic portion of the vacuum insulated switchgear will be described

with reference to FIGs. 7 to 9. FIG 747 -a cross sectional view of the

nol ded vacuum doubl e- break three-position type switch 8 and earthing switch
9. As described above, the feeder 83 15 connected to the fixed contact 81 on
the left siglggtdh tdhe switch 8 constitutes the bus-side conductor, and the
feeder 84 connected to the fixed contact 81 on the right side constitutes

t he | oad- si de Q J%E@ qﬂgagg f t | ' |t i the

nol ded resin pgﬁ?ﬁgﬁé 1%'.") eq.bticjs Sl ef%%ds hﬁ]@ﬁ?r}?’oﬁ&nﬁa{% bﬂds%%?%e
conductor 83 is provided at the pulled-out portion of the vacuum contai ner
80 for the k18 wsedbddudhs sesond opsratdide rechanisme 309 -pofheon 12

covering the vacuum contai ner 80. The bus-
roller 303 can be a partially-circular cam. The first

5 operation mechanism 200 and third operation mechanism 400
can be repositioned appropriately. Although the first
operation mechanism 200 uses a solenoid operation method,
it can also use other operation methods such as an
electrical spring method.

10 The inventive characteristic portion of the vacuum
insulated switchgear will be described with reference to
FIGs. 7 to 9. FIG. 7 is a cross sectional view of the
molded vacuum double-break three-position type switch 8 and
earthing switch 9. As described above, the feeder 83

15 connected to the fixed contact 81 on the left side of the
switch 8 constitutes the bus-side conductor, and the feeder
84 connected to the fixed contact 81 on the right side
constitutes the load-side conductor. These conductors form
the main circuit in the molded resin portion 12.

20 A bus-side bushing 13 covering the bus-side conductor
83 is provided at the pulled-out portion of the vacuum

container 80 for the bus-side conductor 83 and the molded



side bushing 13 is fornmed integrally with the nolded resin portion 12, and
tapered; its diameter is gradually reduced fromthe root toward the distal
end. Simlarly, a |oad-side 5 bushing 14 covering the | oad-side conductor 84
is provided at the pulled-out portion of the vacuum container 80 for the

| oad- si de conductor 84 and the nolded resin portion 12 covering the vacuum
contai ner 80. The | oad-side bushing 14 is fornmed integrally with the nol ded
resin portion 12, and 10 tapered; its diameter is gradually reduced fromthe
root toward the distal end. As shown i2&IG 7, the bus-side bushing 13 is
covered wth a cable head solid insulating naterial 5a that covers the
conductor of the bus-side cable head 5, and the | oad- 15 side bushing 14 is
cover ed wi tiresairc goet fvad > @doverinmsyl e naocminerdan taéimedh a0 .coThes buke
conductor of the |oad-side cable head 6, the outer surfaces of these cable

head sol i d f@'ﬁiéﬁﬁﬂ?&@ﬁ:ﬁ&d %é@dﬂfh&l rvh*t‘i‘{j-th@?ﬁolde% frte%ﬁ.lncabl e

head solid |nsulat|ng naterla S 5a outer surfaces o ch are
eart hed, cover, the

us- bushj nd Ioad S|de bushi.n
Accor di ngl YO |4P |q§pefe (n :é; q§§g

i nterface betmeen the outer surface of the bus S|de
from the root toward the distal end. Similarly, a load-side

5 bushing 14 covering the load-side conductor 84 is provided
at the pulled-out portion of the vacuum container 80 for
the load-side conductor 84 and the molded resin portion 12
covering the vacuum container 80. The load-side bushing 14
is formed integrally with the molded resin portion 12, and

10 tapered; its diameter is gradually reduced from the root
toward the distal end.

As shown in FIG. 7, the bus-side bushing 13 is covered
with a cable head solid insulating material 5a that covers
the conductor of the bus-side cable head 5, and the load-

15 side bushing 14 is covered with a cable head solid
insulating material 6a that covers the conductor of the
load-side cable head 6, the outer surfaces of these cable
head so0lid insulating materials 5a, 6a being earthed. That
is, the cable head solid insulating materials 5a, 6a, the

20 outer surfaces of which are earthed, cover the bus-side
bushing 13 and load-side bushing 14.

Accordingly, as shown in FIG. 7, volds 15 are generated



bushing 13 and the inner surface of the corresponding cable head solid

I nsulating material 5a and the interface between the outer surface of the
| oad-si de bushing 14 and the inner 5 surface of the correspondi ng cabl e head
solid insulating material 6a. When current flows in the conductors, a high
electric field is applied to the voids 15 and thereby dielectric breakdown
may finally occur. Wen the bus-side conductor is considered as a central
10 axis, the bus-side bushing 13, the void 15, and bus-side cable head 5
are radially disposed in that order. Sird?arly, when the |oad-side
conductor is considered as a central axis, the |oad-side bushing 14, the
void 15, and |l oad-side cable head 6 are radially disposed in that order.

Si nce t he 1én otheristerfface detwser diie deoer smirfhdcersof athenpusisideal 5a,
6a is earthed, the void 15 is positioned between the applied hi gh el ectric

field and t@@sﬁfdéhfﬁ mefﬁéaim%r dulver L8 eéfstm ﬂ‘c‘?ﬁecm g @:%ﬂf@d

solid insulating “material 5a, 6a and thus the
vord 15, deherd ot fho AR 4EER e “tga%taa@%?%qdq B R P YRR ot i ng
materials. This may cause dlelectric - 30 - breakdown.
the outer surface of the load-side bushing 14 and the inner
5 surface of the corresponding cable head solid insulating
material 6a. When current flows in the conductors, a high
electric field is applied to the voids 15 and thereby
dielectric breakdown may finally occur.
When the bus-side conductor is considered as a central
10 axis, the bus-side bushing 13, the void 15, and bus-side
cable head 5 are radially disposed in that order. Similarly,
when the load-side conductor is considered as a central
axis, the load-side bushing 14, the void 15, and load-side
cable head 6 are radially disposed in that order. Since the
15 outer surface of the cable head solid insulating material
5a, 6a 1s earthed, the void 15 1s positioned between the
applied high electric field and the earthed potential of
the outer surface of the cable head solid insulating
material 5a, 6a and thus the high electric field is applied
20 to the void 15. Accordingly, partial discharge occurs on

the void 15, deteriorating the bushings 13 and 14 or the

cable head insulating materials. This may cause dielectric



When voi ds occur on the interface between a bushing and a cable head solid
insulating material as in this enbodinent, a high electric filed is applied
to 5 particularly a void at a position opposite to the distal end of the
cable head solid insulating material, in other words, a void on the

I nterface between the root of the bushing and the cable head solid

I nsulating material. Then, dielectric breakdown may occur fromthe void. 10
To address the above problem conductive nenbers 17 and 18, which are
earthed, are respectively enbedded into 3he bus-side bushing 13 and

| oad-si de bushing 14 in this enbodinment. In other wrds, the conductive
menber 17 is disposed between the conductor and the void 15 on the 15

i nterface hatedaaibwe bus-side bushing 13 and the cable head solid
insulating material 5a, and the conductive nenber 18 is also simlarly

di sposed betwe u e; V0l e 1n face between the
| oad- si de busm%#ﬁgg&n% c%e %aﬁ&%%a@géﬁdﬁ%;? %geutfvg‘?eﬁ]gé %‘f%ﬁr}ﬂ ag\g&a 20
FIG 8 is a perspective view show ng only conponents in the nolded resin
por tion 12.8 GARAS iRead S0k IMAHALLNG @Ateriah@s in flnduct | ve menber
17 is enbedded like a ring 31 into the conductor at the root of the bushing
13, and embodiment, a high electric filed is applied to

5 particularly a void at a position opposite to the distal
end of the cable head so0lid insulating material, in other
words, a void on the interface between the root of the
bushing and the cable head solid insulating material. Then,
dielectric breakdown may occur from the void.

10 To address the above problem, conductive members 17 and
18, which are earthed, are respectively embedded into the
bus-side bushing 13 and load-side bushing 14 in this
embodiment. In other words, the conductive member 17 is
disposed between the conductor and the void 15 on the

15 interface between the bus-side bushing 13 and the cable
head solid insulating material 5a, and the conductive
member 18 is also similarly disposed between the conductor
and the void 15 on the interface between the load-side
bushing 14 and the cable head so0lid insulating material é6a.

20 FIG. 8 is a perspective view showing only components in
the molded resin portion 12. Specifically, as shown in FIGs.

7 and 8, the conductive member 17 is embedded like a ring



conducti ve

| oad- si de bushing 14. In other words, the conductive nenbers 17 and 18
respectively enbedded at positions 5 opposite to the distal
solid insulating materials 5a, 6a in the bushings 13 and 14.
menber 17 conprises a ring 17a, an earthed portion 17b, and

cabl e head
conducti ve

menber 18 is also simlarly enbedded at the root of the

ends of the

a

a

bridge 17c for connecting the ring 17a and earthed portion 17b together.

The conductive nenber

and a bridge 18c for connecting the ri g r8a and earthed portion 18b

t oget her.

Screw holes are formed in the earthed portions

18 10 conprises a ring 18a, an earthed portion 18b,

17b and eart hed

re

The

portion 18b. As described above, a conductive coating is applied to 15 the

out er surf ateteftidecomiuterbr est rthEmdoin o2 the frrghialy 1Hr tdirll conducti ve
The earthed portions 17b and 18b of the conductive menbers 17

dd ﬁ%ﬁg’e%%élt}@e nlﬁ&tl]dwégic %as\e/%esring;irz%unél potentl a q saquqg%] ﬁﬂ)gt Ihgad

| ayer 12a.
and 18 are
conducti ve
side, for

and the sol9

radially 32 disposed around t he | oad-si.de conductor in that order.

5

10

15

20

members 17 and 18 are respectively embedded at positions
opposite to the distal ends of the cable head solid
insulating materials 5a, 6a in the bushings 13 and 14. The
conductive member 17 comprises a ring 17a, an earthed
portion 17b, and a bridge 17c for connecting the ring 17a
and earthed portion 17b together. The conductive member 18
comprises a ring 18a, an earthed portion 18b, and a bridge
18c for connecting the ring 18a and earthed portion 18b
together. Screw holes are formed in the earthed portions
17b and earthed portion 18b.

As described above, a conductive coating is applied to
the outer surface of the molded resin portion 12 to form an
earthed conductive layer 12a. The earthed portions 17b and
18b of the conductive members 17 and 18 are fixed to the
conductive layer 1l2a by means of screws, so the conductive
members 17 and 18 each have a ground potential.

On the load side, for example, load-side bushing 14,
the conductive member 18, void 15, and the solid insulating

material 6a of the load-side cable head 6 are radially

(O TS oAt e AN bt of TpnBLPERIMEFlS cABPocRBRIch HPe



Accordingly, the high electric field is applied only to the bushing between
t he | oad-side conductor and the earthed conductive nenber, and the electric
field applied to the 5 void 15 can be alleviated, the void 15 bei ng between
the earthed potential of the conductive nenber 18 and the earthed
potential of the outer surface of the solid insulating material 6a of the

- | oad-side cable head 6. As a result, it becones possible to suppress
partial discharge 10 on the void 15, which is caused by the high electric
field, and also suppress deterioration3&nd dielectric breakdown of the

| oad-si de bushing 14 and the solid insulating material 6a of the |oad-side
cabl e head 6, which are caused by the partial discharge. 15 In a variation

of the presHpdsedround tthef Qoad sifded Sonductoradw ematt orderi.nal, one of
the conductive nenbers 17 and 18 enbedded on the bus side and load side is

connect ed_tyg ddiR GONGHC N Hidfele1 LA @G QWAoo 3@ UG ¢ JTRERer 17

or 18 is not conne conductive Tayer hat ~i as a
Si do. bushi REhEng NESHPaRs e LRbRI0R GBALGOR AR, LB SAUERRRGl . the
conductive nenber 18 is kept from being
conductive member, and the electric field applied to the
5 void 15 can be alleviated, the void 15 being between the
earthed potential of the conductive member 18 and the
earthed potential of the outer surface of the solid
insulating material 6a of the load-side cable head 6. As a
result, it becomes possible to suppress partial discharge

10 on the void 15, which is caused by the high electric field,
and also suppress deterioration and dielectric breakdown of
the load-side bushing 14 and the so0lid insulating material
6a of the load-side cable head 6, which are caused by the
partial discharge.

15 In a variation of the present invention, to form a
potential measurement terminal, one of the conductive
members 17 and 18 embedded on the bus side and load side is
connected to the conductive layer 12a, and the other
conductive member 17 or 18 is not connected to the

20 conductive layer 12a so that it has a floating potential.

When the conductive member 18 embedded into the load-

side bushing 14 is used as the potential measurement



earthed so that it has a floating potential by, for exanple, placing an
insulting plate 19 between the earthed portion 18b of the conductive nenber
18 and the outer surface of 5 the nolded resin portion 12, as shown in FIG
9. The conductive nenber 18 having the floating potential does not generate
a voltage when electrically isolated from the conductor and generates a

vol tage when electrically connected to the conductor. Wen, for exanple,
the voltage 10 at the potential neasurenent termnal is neasured or a |ight
emtting diode (LED) or the like is conrkted to the termnal, it can be
easily determ ned whether current is flowing in the conductor. Since the
potential of the potential measurenent 15 termnal is sufficiently |ower

than the votdmgnappltiesl ¢endudiel v ke ,18 hies eddpactfrm Bemigessi ng a hi gh
electric field fronlbeing applied to the void 15 and al so suppressing

dielectric &y (Voltages% gsg abﬂsTg;ﬂ%gbganle&aa' sp S Y loy, the

specific term na etector eterm ni whet her cur r'ent
SO electrlc br eakdown i s

Suppr ossed BIRFAE SRS LA M S BRTHRST iR SR thefl DOIS. i t chi ng
portion integrally formed with the nDIded
18b of the conductive member 18 and the outer surface of
5 the molded resin portion 12, as shown in FIG. 9.

The conductive member 18 having the floating potential
does‘not generate a voltage when electrically isolated from
the conductor and generates a voltage when electrically
connected to the conductor. When, for example, the voltage

10 at the potential measurement terminal is measured or a
light emitting diode (LED) or the like is connected to the
terminal, it can be easily determined whether current is
flowing in the conductor.

Since the potential of the potential measurement

15 terminal is sufficiently lower than the voltage applied to
the conductor, the effect of suppressing a high electric
field from being applied to the void 15 and also
suppressing dielectric breakdown as described above can
also be given. Accordingly, the specific terminal (voltage

20 detector 10) for determining whether current is flowing in

the conductor is not required, so dielectric breakdown is

suppressed and the number of components can be reduced.



resin portion 12 is fixed to the container by screwing a fixed termnal 20
and the earthed portions 17b and 18b of the conductive nenbers 17 and 18.
Since a high electric 5 field is easily generated on the interface between
the root of the bushing and the cable head, a case in which a conductive
menber is enbedded into each bushing has been described in this enbodinent.
However, this is not a |imtation; the conductive nenber can be enbedded so
as to 10 alleviate the high electric field applied to the void according
to, for exanple, the shapes of the soH(?4iTquating materials of the
bushi ng and cabl e head. FIGs. 10 and 11 illustrate another enbodinment in

whi ch the vacuuminsul ated sw tchgear according to the present 15 invention
is applied as aTheisswktchimal pertpopalrtegfally 1ormed awtthietive enolded he
enbodi nent in which the vacuum insul ated swi tchgear according to the

present i nveddi®poStidPPl2 etk asisted Uo M I d#41d¥ W irewtitth I G 11 is
a diagramof an electric circuit init. 20 In this enbodi nent, the vacuum

thr ee. post ¢ o8 erm it (L g i f it et Pl B P g e
fixed contacts 81 of the swtch 8 are connected
the conductive members 17 and 18. Since a high electric
5 field is easily generated on the interface between the root
of the bushing and the cable head, a case in which a
conductive member is embedded into each bushing has been
described in this embodiment. However, this is not a
limitation; the conductive member can be embedded so as to
10 alleviate the high electric field applied to the void
according to, for example, the shapes of the solid
insulating materials of the bushing and cable head.
FIGs. 10 and 11 illustrate another embodiment in which
the vacuum insulated switchgear according to the present
15 invention is applied as a bus sectionalizing panel; FIG. 10
is a side view of the embodiment iﬁ which the vacuum
insulated switchgear according to the present invention is
applied as a bus sectionalizing panel, and FIG. 11 is a
diagram of an electric circuit in it.
20 In this embodiment, the vacuum double-break three-

position type switch 8 is used as a vacuum double-break

three-position type load breaking and disconnecting switch



to the bus-side cable heads 5 by use of the feeders 83. The -earthing sw tch
9 is connected to each feeder 83. FIGs. 12 and 13 illustrate another

enbodi ment in which 5 the vacuuminsul ated swi tchgear according to the
present invention is applied as a feeder instrument panel; FIG 12 is a
side view of the enbodi nent in which the vacuum insul ated sw tchgear
according to the present invention is applied as a feeder instrunent panel,
and FIG 13 is a 10 diagramof an electrical circuit init. In this

enbodi nent, the vacuum doubl e-break thte®? Pposition type switch 8 is used as
a vacuum di sconnecting switch (DS). One (left side in FIG 12) of the fixed
contacts 81 of the switch 8 is connected to a single phase 15 coil type

vol t age tr afikD®) meThe)F ixed lvontas tan@1c aifl ¢hessotiitah 4 lareuseonmectied f eeder
83, and the earthing switch 9 is connected to the feeder 83. FIGs. 14 and

15 illustrate ROHES - S{ROLABIE ndhddl &My llike VEE ULHR | et £ B S irpagear

according to the present 20 invention is ‘applied a bus instrunent panel.

FIG 14 i id ' f.ot nmbodi t.in which th ' | at ed
Cui  chgenr ST FTLEThE ph S ITURh TP A ATHISH &5 3o a bus

instrunment panel, and FIG 15 is a diagramof an
FIGs. 12 and 13 illustrate another embodiment in which

5 the vacuum insulated switchgear according to the present
invention is applied as a feeder instrument panel; FIG. 12
is a side view of the embodiment in which the vacuum
insulated switchgear according to the present invention is
applied as a feeder instrument panel, and FIG. 13 1is a

10 diagram of an electrical circuit in it.

In this embodiment, the vacuum double-break three-
position type switch 8 is used as a vacuum disconnecting
switch (DS). One (left side in FIG. 12) of the fixed
contacts 81 of the switch 8 is connected to a single phase

15 coil type voltage transformer 500 in the bus and cable
section 4 by use of the feeder 83, and the earthing switch
9 is connected to the feeder 83.

FIGs. 14 and 15 illustrate another embodiment in which

the vacuum insulated switchgear according to the present
20 invention is applied a bus instrument panel. FIG. 14 1is a
side view of the embodiment in which the vacuum insulated

switchgear according to the present invention is applied as



electrical circuit init. In this enbodinent, the vacuum doubl e-break three-
position type switch 8 is used as a vacuum di sconnecting 5 switch (DS). One
(left side in FIG 14) of the fixed contacts 81 of the switch 8 is connected
to the single phase coil type voltage transformer 500 in the bus and cable
section 4 by use of one of the feeders 83. The other (right side of FIG

14) of the fixed contacts 81 of the 10 switch 8 is connected to the solid

i nsul ation bus 5 by use of the other of_the feeders 83. The earthing switch
9 is connected to the one of the feeder® g3. According to the enbodi nents
of the present invention described above, since the vacuum doubl e- break
three 15 position type switch can be used as the breaking and disconnecting
swi tch or daslas s tryment tpdnel heapd BERE 15 Nk | diagram foxal y respond
to various requests of a wuser. The present invention also achieves

excel l ent  &poeii{ea Bneh HOVBF discpt ability. 20 According to the embodi nments
of the present invention described above, the structure of the vacuum

o el EACERPE bhORBLURE S VaBiaR. F5ab L BEER, pcsert om and -
position type switch 8 is used as a vacuum disconnecting
5 switch (DS). One (left side in FIG. 14) of the fixed
contacts 81 of the switch 8 1is connected to the single
phase coil type voltage transformer 500 in the bus and
cable section 4 by use of one of the feeders 83. The other
(right side of FIG. 14) of the fixed contacts 81 of the

10 switch 8 is connected to the so0lid insulation bus 5 by use
of the other of the feeders_83. The earthing switch 9 is
connected to the one of the feeders 83.

According to the embodiments of the present invention
described above, since the vacuum double-break three-

15 position type switch can be used as the breaking and
disconnecting switch or disconnecting switch, the present
invention can flexibly respond to various requests of a
user. The present invention also achieves excellent
handling and upward scalability.

20 According to the embodiments of the present invention
described above, the structure of the vacuum double-break

three-position type switch enables the breaking portion and



reliability. According to the enbodi nents of the present invention

descri bed above, since the primary circuit has a conplete 5 isol ated-phase
structure, short-circuit faults can be mnimzed. Since the switch has a
doubl e insulation structure achieved by vacuum and a nold, ground faults
due to a vacuum |l eak can be avoided. The strength of insulation in the
switch is as follows: inter-phase insulation > 10 inter-electrode insulation
at a time of disconnection > inter-pole_insulation at a tinme of current
breaking > inter-pole insulation for T Y earthing switch. An accident can
then be suppressed to at least a single line-to-ground fault. Spread of the
accident can be m nimzed. Because of 15 the above reasons and others, the
present i nuildcamecst iy qaidtteidn ito 4 eluplicai®d, IEhrdds G\ttt S 1. A
vacuum i nsul ated sw tchgear having a vacuum container, a fixed contact
disposediI}éiﬁﬁﬁggigyncontainer, a novabl e contact disposed in the vacuum
cont ai ner capable 5 of being in contact wwth or out of contact with the

e | Cont a0t e S SRR AT o4 AL RN CundGRLaS) 1T

describea above, since the primary circuit has a complete

5 isolated-phase structure, short-circuit faults can be
minimized. Since the switch has a double insulation
structure achieved by vacuum and a mold, ground faults due
to a vacuum leak can be avoided. The strength of insulation
in the switch is as follows: inter-phase insulation >

10 inter-electrode insulation at a time of disconnection >
inter-pole insulation at a time of current breaking >
inter-pole insulation for the earthing switch. An accident
can then be suppressed to at least a single line-to-ground
fault. Spread of the accident can be minimized. Because of

15 the above reasons and ofhers, the present invention is

excellent in safety.



with the fixed contact, a resin portion nolded around the vacuum contai ner,
an insul ative bushing for covering a 10 pulled-out portion of a conductor
connected to the fixed contact and for extending fromthe nolded resin
portion, and a cable head insulating nenber for covering a conductor of a
cabl e head connected to the conductor at the pulled- out portion and an
outer surface of the cable head 15 insulating nenber being eart hed,
characterized in that: an earthed conductive nmenber is enbedded at |east at
a position opposite to an end of the talfl e head insulating nenber in the
bushing. 20 2. The vacuum i nsul ated sw tchgear according to claiml,

wherein: the conductive nenber is one of a first conductive - 39 nenber and
a second cOMARtIS CIAINED ISind the bushing is one of a first bushing for a
bus-si de conductor and a second bushing for a | oad-side conductor, the

first conductiye nmerReRiudieiitgEREefriitthyddie Havwitlg Rlskicwmmand 5 a

second conductive nenber being enbedded into the second bushing. 3. The

vacuum i nsyl gted; SWi t chopfe 8C6ORELBY h2spbBER in the vacuum container,

a movable contact disposed in the vacuum container capable
5 of béing in contact with or out of contact with the fixed
contact, a driving mechanism for driving the movable
contact in directions to contact with and out of contact
with the fixed contact, a resin portion molded around the
vacuum container, an insulative bushing for covering a
10 pulled-out portion of a conductor connected to the fixed
contact and for extending from the molded resin portion,
and a cable head insulating member for covering a conductor
of a cable head connected to the conductor at the pulled-
out portion and an outer surface of the cable head
15 insulating member being earthed,
characterized in that:
an earthed conductive member is embedded at least at a
position opposite to an end of the cable head insulating
member in the bushing.
20 2. The vacuum insulated switchgear accofding to claim 1,
wherein:

the conductive member is one of a first conductive



wherein: an earthed conductive layer is formed on an outer 10 surface of
the nol ded resin portion; and the first conductive nenber enbedded into the
first bushing for the bus-side conductor and the second conductive nenber
enbedded into the second bushing for the | oad-side conductor are connected
to the conductive layer. 15 4. The vacuum insul ated sw tchgear according to
claim?2, wherein: an earthed conductive |layer is forned on an outer
surface of the nolded resin portion; and one of the first conductive nenber
enmbedded into the 20 first bushing for 3he bus-side conductor and the
second conductive nenber enbedded into the second bushing for the

| oad- si de conductor is connected to the conductive |ayer, 40 and a

remai ni ng awembent | amd N nécoradrissitthte t ke niditbdx ;) sdnd btlsdi igsing e nd
bushing is used as a potential neasuring terninal by not to be connected to

t he conductdﬁ% Afli_ygrfﬁost thgdnd f(%"mdvmq%&%gear dEctBgi{g has a floating

5 potenti al he vacuum 1 nsul-ate accordlng to clalm 1,

wher ei n:
second bushing for a load-side conductor, the first

conductive member being embedded into the first bushing and
5 a second conductive member being embedded into the second
bushing.
3. The vacuum insulated switchgear according to claim 2,
wherein:
an earthed conductive layer is formed on an outer
10 surface of the molded resin portion; and
the first conductive member embedded into the first
bushing for the bus-side conductor and the second
conductive member embedded into the second bushing for the
load-side conductor are connected to the conductive layer.
15 4. The vacuum insulated switchgear according to claim 2,
wherein:
an earthed conductive layer is formed on an outer
surface of the molded resin portion; and
one of tﬁe first conductive member embedded into the
20 first bushing for the bus-side conductor and the second
conductive member‘embedded into the second bushing for the

load-side conductor is connected to the conductive layer,



two fixed contacts are di sposed and two novable contacts are disposed for
the two fixed contacts capable of 10 being in contact with or out of
contact with the fixed contacts; and the driving nmechani sm noves the two
novabl e contacts together to bring the two novabl e contacts into contact
with the two fixed points sinultaneously or out of contact 15 with the two
fi xed points sinmultaneously. 6. The vacuum i nsul ated swi tchgear according to
claim1l1l, wherein an earthing switch is enbedded into the nolded resin
portion. 7. A vacuuminsul ated switchgedt® havi ng a vacuum 20 contai ner, a
fixed contact disposed in the vacuum container, a novable contact di sposed
I n the vacuum cont ai ner capable of being in contact wwth or out of contact
with the fiamd a ddmatwiiqotonducitiwe nuemisei cembsedded tntoeitige tfitrstovabl e
contact in directions to contact wwth and out of contact wth the fixed

contact, a pRéEely’Ss! fedSHid | EsHPAG!OLs @éé&'%%‘%d@&ﬂt‘ﬂf%é&@ﬂng an

I nsul ative bushing for 5 covering a pull ed-out portion of a conductor
connected tQ

SULERRA LS Tk et Sp Rt et SRR
‘that the remaining conductive member has a floating
5 potential.
5. The vacuum insulated switchgear according to claim 1,
wherein:
two fixed contacts are disposed and two movable
contacts are disposed for the two fixed contacts capable of
10 being in contact with or out of contact with the fixed
contacts; and
the driving mechanism moves the two movable contacts
together to bring the two movable contacts into contact
with the two fixed points simultaneously or out of contact
15 with the two fixed points simultaneously.
6. The vacuum insulated switchgear according to claim 1,
wherein an earthing switch is embedded into the molded
resin portion.
7. A vacuum insulated switchgear having a vacuum
20 dontainer, a fixed contact disposed in the vacuum container,
a movable contact disposed in the vacuum container capable

of being in contact with or out of contact with the fixed



conductor of a cable head connected to the conductor at the pulled-out
portion and an outer surface of the cable head 10 insul ating nenber being
earthed, characterized in that: an earthed conductive nmenber is enbedded
like a ring at a root of the bushing on a nolded resin portion side. 8. The
vacuum i nsul ated swi tchgear according to claim?7, 15 wherein: the
conductive nmenber is one of a first conductive nenber and a second
conductive nmenber, and the bushing is one of a first bushing for a bus-side
conductor and a second bushing for a 1dHd-si de conductor, the first 20
conductive nenber being enbedded into the first bushing and a second
conductive nenber being enbedded into the second bushing. - 42 9. The
vacuum i nsutaiteattswd achgieaingaeohimicsn ofaxt admwing Whes emowvatsle ear t hed
conductive layer is formed on an outer surface of the nolded resin portion;

and 5 the fidpladONt! G eSS+ S RGHARS: Wi th i fddSlos WisiEdwy fOr the
bus-si de conductor and the second conductive nmenber enbedded Into the
second busru{¥hfégetg¥;ed contact, a molded resin portion molded
around the vacuum container, an insulative bushing for
5 covering a pulled-out portion of a conductor connected to
the fixed contact and for extending from the molded resin
portion, and a cable head insulating member for covering a
conductor of a cable head connected to the conductor at the
pulled-out portion and an outer surface of the cable head
10 insulating‘member being earthed,
characterized in that:
an earthed conductive member is embedded like a ring at
a root of the bushing on a molded resin portion side.
8. The vacuum insulated switchgear according to claim 7,
15 wherein:
the conductive member is one of a first conductive
member and a second conductive member, and the bushing is
one of a first bushing for a bus-side conductor and a
second bushing for a load-side conductor, the first
20 conductive member being embedded into the first bushing and

a second conductive member being embedded into the second

bushing.



| oad- si de conductor are connected to the conductive layer. 10. The vacuum
I nsul at ed sw tchgear according to claim 10 8, wherein: a conductive | ayer,
which is earthed, is forned on an outer surface of the nolded resin
portion; and one of the first conductive nmenber enbedded into the first
bushi ng for the bus-side conductor and the second 15 conductive nenber
enbedded into the second bushing for the |oad-side conductor is connected
to the conductive layer, and a renmining conductive nmenber enbedded into
the first bushing or second bushing i3 ed as a potential measuring
termnal by not to be connected to the conductive |ayer so 20 that the
remai ni ng conductive nenber has a floating potential.

9. The vacuum insulated switchgear according to claim 8,
wherein:
an earthed conductive layer is formed on an outer
surface of the molded resin portion; and
5 the first conductive member embedded into the first
bushing for the bus-side conductor and the second
conductive member embedded into the second bushing for the
load-side conductor are connected to the conductive layer.
10. The vacuum insulated switchgear according to claim
10 8, wherein:
a conductive layer, which is earthed, is formed on an
outer surface of the molded resin portion; and
one of the first conductive member embedded into the
first bushing for the bus-side conductor and the second
15 conductive member embedded into the second bushing for the
load-side conductor is connected to the conductive layer,
and a remaining conductive member embedded into the first
bushing or second bushing is used as a potential measuring
terminal by not to be connected to the conductive layer so
20 that the remaining conductive member has a floating

potential.



