- 1 - TITLE OF THE INVENTION Multi G rcuit Selecting Sw tchgear BACKGROUND
OF THE I NVENTION [Field of Technology] 5 The present invention relates to a
multi circuit selecting switchgear using vacuuminterrupters for swtching
anong power source |lines. [Background of Art] In an electric distribution
system generally 10 speaking, sw tching anong power source |ines supplying
electricity to loads is carried out by using a multi circuit selecting
switchgear. A nulti circuit selecting switchgear has been represented by
what is known as a gas-insulated-type nulti circuit selecting 15
switchgear. But this gas insulated type demands a lot of work in the
mai nt enance agai nst the degradation of insulating gas. Besides, since
insulating gas is inferior in withstand voltage ability to solid
i nsul ators, it TEroENGMJEME t INEEMBIQ® t he di stance 20 between phases
regardi ng three-phase conductors, particularly when a total nunber of
circuits is thraeltbrcimeeiasSeetting aSei tdiegeat here are two power source
i nes and one |oad |ine.
BACKGROUND OF THE INVENTION
[Field of Technology]
5 The present invention relates to a multi circuit
selecting switchgear using vacuum interrupters for
switching among power source lines.
[Background of Art]
In an electric distribution system, generally
10 speaking, switching among power source lines supplying
electricity to loads is carried out by using a multi
circuit selecting switchgear. A multi circuit
selecting switchgear has been represented by what is
known as a gas-insulated-type multi circuit selecting
15 switchgear. But this gas insulated type demands a lot
of work in the maintenance against the degradation of
insulating gas. Besides, since insulating gas is
inferior in withstand voltage ability to solid
insulators, it is demanded to enlarge the distance
20 between phases regarding three-phase conductors,
particularly when a total number of circuits is three
or more as in the case where there are two power
source lines and one load line.

For the reason above, a vacuum interrupter is used

25 to construct a multi circuit selecting switchgear.



For the reason above, a vacuuminterrupter is used 25 to construct a nulti
circuit selecting switchgear. - 2 This vacuuminterrupter has a vacuum
chanber constructed by sealing with a shield end plate either open end of
an insulated cylinder. In the vacuum chanber, there are a fixed contact
connected to a 5 fixed holder penetrating the shield end plate at one open
end and a noving contact connected t® 4 moving hol der penetrating the
shield end plate at the other open end. These electric contacts are placed
facing each other, with arc shields placed |like surrounding 10 them
Qut si de the vacuum chanber a noving side bus bar is in contact with the
nmovi ng hol der, and the outside of the vacuum chanber is covered with a
solid insulator nolding axially throughout fromthe fixed 15 side end

(fixed hol der srdey {achhm ﬂﬁvéﬂguﬁtde RAY a(yR¥LAE BRLABErsi de). An earthed
outer case capsulates the whole space through the noving side of the vacuum

chamber incl udi 8gnsbeubbEaNPySE56810H§ Wathaddshselfashanpladadefitxed on the
solid insulator, and being 20 filled with insulating gas therein. In the
past, to nol d asgehnenfiabe anvansubatsanbglinder. In the vacuum
chamber, there are a fixed contact connected to a
5 fixed holder penetrating the shield end plate at one
open end and a moving contact connected to a moving
holder penetrating the shield end plate at the other
open end. These electric contacts are placed facing
each other, with arc shields placed like surrounding
10 them.

Outside the vacuum chamber a moving side bus bar
is in contact with the moving holder, and the outside
of the vacuum chamber is covered with a solid-
insulator molding axially throughout from the fixed

15 side end (fixed holder side) to the moving side end
(moving holder side). An earthed outer case capsulates
the whole space through the moving side of the vacuum
chamber including the moving side bus bar and is
fastened and fixed on the solid insulator, and being

20 filled with insulating gas therein.

In the past, to mold and insulate a vacuum chamber
with a solid insulator, the outside of the vacuum
chamber has been given a solid-insulator molding that
covers it axially throughout from the fixed side end

25 to the moving side end. This is, for instance,



with a solid insulator, the outside of the vacuum chanber has been given a
solid-insulator nolding that covers it axially throughout fromthe fixed
side end 25 to the noving side end. This is, for instance, - 3 described in
Pat ent Docunent 1 bel ow. [Patent Docunent 1] Japanese Patent application
Lai d- open publication No. 2002-15645 SUMMARY OF THE | NVENTION 5 According to
the prior art, the outside of the vactium chanber has been given a
solid-insulator nolding that covers it axially throughout fromthe fixed
side end to the noving side end. Wien the noving contact is put into the

cl osed position, it turns out 10 that the solid insulator |ocated between

t he vacuum chanber and the earthed outer case has its end face receiving
in the surface directions the application of a great electric field

strength equi vadesdrive POVWEIPatsénlt CSoMahdraer Pl sw) eads to the probl em of
the 15 necessity for enlarging the thickness of the solid insulator, which

results in a rise i[Patenti Becanent he] MREpdEEaBat@emodppifiddeidnl ti
circuit selecting swtchgear. The object of the present invention is to
provi de Laid-open publication No. 2002-15645
SUMMARY OF THE INVENTION
5 According to the prior art, the outside of the
vacuum chamber has been given a solid-insulator
molding that covers it axially throughout from the
fixed side end to the moving side end. When the moving
contact is put into the closed position, it turns out
10 that the solid insulator located between the vacuum
chamber and the earthed outer case has its end face
receiving in the surface directions the application of
a great electric field strength equivalent to power
source voltage. This leads to the problem of the
15 necessity for enlarging the thickness of the solid
insulator, which results in a rise in the size and the
manufacturing cost of the multi circuit selecting
switchgear.
The object of the present invention is to provide
20 a multi circuit selecting switchgear capable of
reducing the electric field strength applied to the
solid insulator that puts a vacuum chamber to a molded
and insulated state due to its molding and thus of
size reduction.

25 To achieve the above-mentioned object, according



20 a nulti circuit selecting switchgear capable of reducing the electric
field strength applied to the solid insulator that puts a vacuum chanber to
a nolded and insulated state due to its nolding and thus of size
reduction. 25 To achi eve the above-nenti oned object, according - 4 to the

I nvention, a nmulti circuit selecting switchgear is provided characterized

I n that a vacuum chanber constructed ﬁy‘sealing with a shield end plate
either open end of an insulated cylinder has a nolded and 5 insul ated state
due to a solid-insulator nolding that covers a part of the insulated
cylinder axially from the fixed side. Put otherw se, according to the

i nvention, a multi circuit selecting swtchgear is provided characterized
10 in that the solid insulator axially covers the insulated cylinder where

an el ectric contacthéf inednteent astmaltivyingueensatestang awiadchgehtel d
have a snaller capacitance in between than that between an arc shield and

the earthed outes paseidéd dhaeathaetritédsispehati aavaocauhashamper! ati on such
that the fixed contact (fixed holder) of the vacuum chanber (vacuum
interrupter) |iesnshrichedfbyedesgliley with a shield end plate either
open end of an insulated cylinder has a molded and
5 insulated state due to a solid-insulator molding that
covers a part of the insulated cylinder axially from
the fixed side.
Put otherwise, according to the invention, a multi
circuit selecting switchgear is provided characterized

10 in that the so0lid insulator axially covers the
insulated cylinder where an electric contact (fixed
contact or moving contact) and an arc shield have a
smaller capacitance in between than that between an
arc shield and the earthed outer case.

15 Note that this specification has appellation such
that the fixed contact (fixed holder) of the vacuum
chamber (vacuum interrupter) lies on “the fixed side”
and that the moving contact (moving holder) lies on
"the moving side.”

20 According to the invention, the capacitance
between arc shields and an earthed outer case is made
greater than that between electric contacts and arc
shields by having a molded and insulated state due to

a molding that covers a part of an insulated cylinder,

25 thus it is possible to lessen the distributed voltages



and that the noving contact (noving holder) lies on "the noving side."” 20
According to the invention, the capacitance between arc shields and an
earthed outer case is made greater than that between electric contacts and
arc shields by having a nolded and insulated state due to a nolding that
covers a part of an insulated cylinder, 25 thus it is possible to |essen the
distributed voltages - 5 of the arc's%iélds and the earthed outer case. It
is further possible to | essen the electric field strength applied to the
solid insulator in its surface directions, and to | essen the thickness of
the solid 5 insulator, which nakes a smaller-size nulti circuit selecting
sw t chgear possi ble. BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is a

| ongi tudi nal sectional view illustrating an enbodi nent of the present

invention. 10 &fgthe artsSshi&Basi anal théesaitkea ahesg thseli ner # - A of
Figure 1. Figure 3 is top viewof Figure 2. Figure 4 is an enlarged

sectional view plirther posstbpal tpaléssent tkef elettenbodiokat stiéngtyure 5
is a single phase connecting di agram

applied to the solid insulator in its surface

directions, and to lessen the thickness of the solid

5 insulator, which makes a smaller-size multi circuit
selecting switchgear possible.
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a longitudinal sectional view

illustrating an embodiment of the present invention.

10 Figure 2 is a sectional view taken along the line

A - A of Figure 1.

Figure 3 is top view of Figure 2.

Figure 4 is an enlarged sectional view of the
principal part in the first embodiment.

15 Figure 5 is a single phase connecting diagram
explaining a first embodiment of the present invention.

Figure 6 is an electric equipotential surface
distribution chart for the description of the
invention.

20 Figure 7 is another electric equipotential surface
distribution chart for the description of the
invention.

Figure 8 is other electric equipotential surface

distribution chart for the description of the

25 invention.



explaining a first enbodi nent of the present invention. Figure 6 is an

el ectric equipotential surface distribution chart for the description of the
invention. 20 Figure 7 is another electric equipotential surface

di stribution chart for the description of the invention. Figure 8 is other
el ectric equipotential surface distribution chart for the description of
the 25 invention. - 6 Figure 9 is a gfaph of characteristics for the
description of the invention. Figure 10 is a sketch viewillustrating a
second enbodi ment of the present invention. 5 Figure 11 is a |ongitudi nal
sectional view illustrating a third enbodi nent of the present invention.
Figure 12 is a sectional view taken along the line B - B of Figure 11. 10
Figure 13 is top view of Figure 12. Figure 14 is a single phase connecting

di agram expl ai ni ngr§harkhbr §seabgehpRNbFOENLPRCRESEERE csi RY@NEREN
description of the invention.

Figure 10 is a sketch view illustrating a second
embodiment of the present invention.

5 Figure 11 is a longitudinal sectional view
illustrating a third embodiment of the present
invention.

Figure 12 is a sectional view taken along the line
B - B of Figure 11.

10 Figure 13 is top view of Figure 12.

Figure 14 is a single phase connecting diagram
explaining the third embodiment of the present
invention.

Figure 15 is a longitudinal sectional view

15 jllustrating a fourth embodiment of the present
invention.
Figure 16 is top view of Figure 15.
DETAILED DESCRIPTION OF THE INVENTION
A vacuum chamber is constructed by sealing with a
20 shield end plate either open end of an insulated
cylinder. A fixed contact is connected to a fixed
holder penetrating the shield end plate at one open
end, and a moving contact is connected to a moving
holder penetrating the shield end plate at the other

25 open end. These electric contacts are placed facing



Figure 15 is a longitudinal sectional view 15 illustrating a fourth

enbodi nent of the present invention. Figure 16 is top view of Figure 15.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON A vacuum chanber is constructed by
sealing with a 20 shield end plate either open end of an insul ated
cylinder. A fixed contact is connect_ed7 to a fixed holder penetrating the
shield end plate at one open end, and a noving contact is connected to a
novi ng hol der penetrating the shield end plate at the other 25 open end.
These electric contacts are placed facing - 7 each other. In the vacuum
chanber there are arc shields placed Iike surrounding the electric contacts
(fixed and noving contacts). A noving side bus bar is in contact with the
novi ng hol der outside the vacuum 5 chanber. A solid insulator gives a

nol ded and i nsuatledther £ dwe the viasuusl dhagberattheoecraxreadrad |y fromthe
fixed side end of the vacuum chanber a part of the insulated cylinder. An
eart hed outer csiskeldsplacedslike sucremndingibdre tekenighic heompadthy si de 10
end and is fastened and fixed on the solid insulator, and filled with

i nsul ati ng gas tfiered rand mpuiRg gfontacts). A moving side bus bar is

in contact with the moving holder outside the wvacuum
5 chamber. A solid insulator gives a molded and
insulated state due to its molding that covers axially
from the fixed side end of the vacuum chamber a part
of the insulated cylinder. An earthed outer case
capsulates the vacuum chamber through the moving side
10 end and is fastened and fixed on the solid insulator,
and filled with insulating gas therein. A place of the
solid insulator axially covers the insulated cylinder,
where the electric contacts and the arc shields have a
smaller capacitance in between than that between the
15 arc shields and the earthed outer case.
[Embodiment 1]

Figures 1 to 4 illustrate a first embodiment of
the invention. Figure 1 is a longitudinal sectional
view. Figure 2 is a sectional view taken along the

20 line A - A of Figure 1. Figure 3 is a top view of
Figure 2. Figure 4 is an enlarged sectional view of
the principal part. Note that Figures 1 to 4
illustrate an embodiment according to which three
circuits are addressed, but an earthing switch

25 oriented vacuum interrupter is provided additionally,



solid insulator axially covers the insulated cylinder, where the electric
contacts and the arc shields have a snaller capacitance in between than
that between the 15 arc shields and the earthed outer case. [Enbodinent 1]
Figures 1 to 4 illustrate a first enbodiment of the invention. Figure 1 is
a longitudinal sectional view Figure 2 is a sectional view taken along the
20 line A- Aof Figure 1. Figure 3 T§3a'top view of Figure 2. Figure 4 is
an enl arged sectional view of the principal part. Note that Figures 1 to 4
il lustrate an enbodi nent according to which three <circuits are addressed,
but an earthing switch 25 oriented vacuuminterrupter is provided
additionally, - 8 a franme to house a nulti circuit selecting sw tchgear
according to the invention omtted fromillustration. Figure 4 shows a

heavy dash and goft&fle | toehd@se aa opeTL i utecsi BndeDgcOing hewetféegésrof the
invention that 5 will be nentioned |ater. Wth reference to Figures 1 to 4,

t here are threeacoecdimyi td ethepievent bion | dmbtted cfadh ibbastretidowr each
phase. A vacuuminterrupter 1 is nmade up of a vacuum chanber 2 constructed
by sealing w tHhFidied dd shows a heavy dash and dotted line for a good
understanding of the effects of the invention that
5 will be mentioned later.
With reference to Figures 1 to 4, there are three
vacuum interrupters la, 1b and 1lc all installed for
each phase. A vacuum interrupter 1 is made up of a
vacuum chamber 2 constructed by sealing with shield
10 end plates 4 and 5 the open ends of an insulated
cylinder 3. The vacuum interrupter 1 is made up of a
fixed contact 6 connected to the end of a fixed holder
7 penetrating the shield end plate 5 shown to be the
lower one in the drawing. A moving holder 9 penetrates
15 the other shield end plate 4 and is positioned above
and coaxial to the fixed holder 7. The fixed contact 6
faces the moving holder 9 whose end has a moving
contact 8 connected and fixed to it. The moving
contact 8 and fixed contact 6 are positioned facing
20 each other.
The fixed contact 6 and the moving contact 8 have
their contact electrodes surrounded by arc shields 10.
The moving holder 9 is exposed outside the vacuum

chamber 2 and is connected through an operating rod 11

25 to an operating device 12. The operating device 12 is



10 end plates 4 and 5 the open ends of an insulated cylinder 3. The vacuum
interrupter 1 is made up of a fixed contact 6 connected to the end of a
fixed holder 7 penetrating the shield end plate 5 shown to be the | ower
one in the drawing. A noving holder 9 penetrates 15 the other shield end
plate 4 and is positioned above and_cgaxial to the fixed holder 7. The

fi xed contact 6 faces the noving holder 9 whose end has a noving contact 8
connected and fixed to it. The nmoving contact 8 and fixed contact 6 are
positioned facing 20 each other. The fixed contact 6 and the noving contact
8 have their contact el ectrodes surrounded by arc shields 10. The noving
hol der 9 i s exposed outside the vacuum chanber 2 and is connected through
an operating rod 11 25 to an operating device 12. The operating device 12 is
- 9 provided WPERVhded et B | &y ﬂﬁ%ﬁ%hi%%1w¢@ha%iﬁmm(mﬂttﬁ@OW@rhnnh@? for
the opening and_closing between the noving contact 8 and fixed contact 6.
The movi ng hol deFa¥irg} 505 cbhe capering ,CHoging nketygerhth®e vacuum of

t he vacuum chanber 2 is secured b u5|qg a bellows 13 nade of stainless

steel . The noViPELRg| Rrtact 8dndohixed SRRERGE $he vacuum

The moving holder 9 has a vertical movement,

5 against which the vacuum of the vacuum chamber 2 is
secured by using a bellows 13 made of stainless steel.
The moving holder 9 is in contact outside the wvacuum
chamber 2 with a moving side bus bar 14. The moving
side bus bar 14 has a sliding contact shoe, through

10 which it is electrically connected to the moving
holder 9. The moving side bus bar 14, as shown in
Figure 1, is in contact with the moving holder 9 for
each of the three vacuum interrupters la, 1b and 1lc of
the same phase.

15 The vacuum chamber 2 has a molded and insulated
state due to a solid insulator 15 molding that covers
a part of the insulated cylinder 3 axially
(vertically) from the fixed side. The solid insulator
15 gives a molded and insulated state due to a molding

20 in a position (upper position) 15a that covers the
insulated cylinder 3 axially so that the capacitance
between the fixed contact 6 or the moving contact 8
and the arc shields 10 can be smaller than that
between the arc shields 10 and the earthed outer case

25 16. Figures 1, 2 and 4 show cases where the upper



chanmber 2 with a noving side bus bar 14. The noving side bus bar 14 has a
sliding contact shoe, through 10 which it is electrically connected to the
der 9. The noving side bus bar 14, as shown in Figure 1, is in

novi ng hol

contact with the noving holder 9 for

la, Ib and
i nsul at ed

| c of the same phase. 15 The vacuum chanber 2 has a nol

each of the three vacuuminterrupters

ded and

state due to a solid instul &Pof 15 nol ding that covers a part of

the insulated cylinder 3 axially (vertically) fromthe fixed side.

i nsul at or

15 gives a nolded and insulated state due to a nol ding

The solid
20 in a

position (upper position) 15a that covers the insulated cylinder 3 axially
so that the capacitance between the fixed contact 6 or the noving

and the arc shields 10 can be smaller than that

contact 8

bet ween the arc shields 10

and the earthechositiorassa 25 lthe Hali@sidsulatior ¥ stvpassesondter e t he

upper - 10

position 15a of the solid insulator 15 is positioned i

n the

vertical viciniiy tHe tvertovel eiwliniofy tdfe e 1laerelardsl bf Tree eard hed
16 capsul es the vacuum5 interrupters la, Ib and is through the
novi ng si de of shields 10.

outer case

10

15

20

25

The earthed outer case 16 capsules the vacuum

interrupters la, 1b and 1lc through the moving side of

the vacuum chamber 2 including the moving side bus bar

14 and its lower opening port was fastened and fixed

on the so0lid insulator 15. The earthed outer case 16

is filled with insulating gas. The solid insulator 15

retains the three vacuum interrupters la, 1b and 1lc,

which are housed inside the earthed outer case 16

filled with insulating gas. The operating rods 11 for

the vacuum interrupters la, 1b and 1lc are connected

inside the earthed outer case 16 to the moving holder

9, penetrate the earthed outer case 16 and are

connected to the operating device 12.

Switch units 26 (26U, 26V and 26 W) are each made

up of the vacuum interrupters la to 1lc for their

respective phases U, V and W, the earthed outer case

16 and other components. These units are, as shown in

Figure 2, placed in a row for three phases. The solid

insulator 15 has its lower portion formed tapering

toward the lower end and is fastened to a cable head

17. The fixed holder 7 is in contact with a fixed side

bus bar 24 and is connected through the cable head 17



t he vacuum chanber 2 including the noving side bus bar 14 and its | ower
openi ng port was fastened and fixed on the solid insulator 15. The eart hed
outer case 16 is filled with insulating gas. The solid insulator 15 10
retains the three vacuuminterrupters la, Ib and Ic, which are housed
inside the earthed outer case 16 filled with insulating gas. The operating
rods 11 for the vacuuminterrupters L4 -Ib and Ic are connected inside the
earthed outer case 16 to the noving holder 15 9, penetrate the earthed outer
case 16 and are connected to the operating device 12. Switch units 26 (26U,
26V and 26 W are each made up of the vacuuminterrupters la to lc for
their respective phases U V and W the earthed outer case 20 16 and ot her
conponents. These units are, as shown in Figure 2, placed in a row for

three phases. Tée $otashe i TUl atey sbi RS nisid dt@sen peEs an fered apering
toward the lower end and is fastened to a cable head 17. The fixed holder 7

is in contact wayen 19 xBskrmedleaZdbubdisibar 24 and is connected through the
cable head 17 - 11 to a cable 18. The solid insulator 15 has an earthed
| ayer 19 fornmed ar oDhel vacuiheinbennuptet el ript protidedprayi sieown asnshown in
Figures 2 and 4, adjacent with an earthing-switch-
5 oriented vacuum interrupter 20. The vacuum interrupter
20 is, like the vacuum interrupter 1, retained by the
solid insulator 15. The vacuum interrupter 20 has its
fixed side connected through a bus bar 21 to the fixed
holder 7 of the vacuum interrupter 1 and its moving
10 side connected through an operating rod 22 to an
operating device 23.
A multi circuit selecting switchgear constructed
in the manner so far described operates in
conventional manners, thus there will only be
15 necessity for outlined description. Single-line
connection for one phase will be shown in Figure 5. It
is assumed that the vacuum interrupter 1lc has its
fixed side connected to a load line L and that the
vacuum interrupters la and 1b have their fixed side
20 connected to power source lines A and B different from
each other. The vacuum interrupters 1 (la, 1b and 1c)
are driven by the operating devices 12 (12a, 12b and
12c) in a pair of the same alphabet.
The load line L is supplied with electricity by

25 closing for each phase the vacuum interrupter 1lc and



Figures 2 and 4, adjacent with an earthing-switch 5 oriented vacuum

i nterrupter 20. The vacuuminterrupter 20 is, |like the vacuuminterrupter
1, retained by the solid insulator 15. The vacuuminterrupter 20 has its
fi xed side connected through a bus bar 21 to the fixed holder 7 of the
vacuuminterrupter 1 and its noving 10 side connected through an operating
rod 22 to an operating device 23. A Halti circuit selecting swtchgear
constructed in the manner so far described operates in conventional
manners, thus there will only be 15 necessity for outlined description.
Single-line connection for one phase will be shown in Figure 5. It is
assuned that the vacuuminterrupter Ic has its fixed side connected to a
load line L and that the vacuuminterrupters la and | b have their fixed

side 20 connectyafhd Qr@"ﬁc@ﬂvrﬁ&éﬁﬂﬁﬁte‘i and Brdkf Lacstn flh%!rrﬁf,%@rot her.
The vacuuminterrupters 1 (la, Ib and'lc) are driven by the operating

devices 12 (12ac 4y ants £ided idide Rnnedtddasaim addmbetne The | oad |ine
L is supplied with electricity by 25 closing for each phase the vacuum

interrupter |cwanithlZs tdu@pliead waicthinlgdariditeby ahel weac Wolrce
i nterrupter
line A that the vacuum interrupter la has its fixed
5 side connected to. Supplying the load line L with
electricity from the load line B is carried out by
opening the vacuum interrupter la for each of the
phases U, V and W and then closing the vacuum
interrupter 1b. In this manner, multi circuit
10 selecting and switching is possible. The operation of
the vacuum interrupter 20 is carried out by operating
devices 23 (23a, 23b and 23c).
Now, according to the invention, the vacuum
interrupter 1 is made up of the vacuum chamber 2, to
15 which the solid insulator 15 gives a molded and
insulated state due to a molding that covers a part of
the insulated cylinder 3 axially from the fixed side
of the vacuum chamber 2. When the vacuum interrupter 1
is in the closed position with the fixed holder 7 and
20 the moving holder 9 having a power source voltage
applied to them, simulation analysis has given the
electric equipotential surface distribution shown in
Figures 6 to 8.
This electric equipotential surface distribution

25 analysis has been carried out for the block bounded by



lc has its fixed side connected to the load line L, which is supplied with
electricity by the power source line Athat the vacuuminterrupter |a has
its fixed 5 side connected to. Supplying the load line L with electricity
fromthe load line Bis carried out by opening the vacuuminterrupter la
for each of the phases U, V and Wand then closing the vacuum interrupter
Ib. In this manner, multi circuit 16 48l ecting and switching is possible.
The operation of the vacuuminterrupter 20 is carried out by operating
devi ces 23 (23a, 23b and 23c). Now, according to the invention, the vacuum
interrupter 1 is made up of the vacuum chanber 2, to 15 which the solid

I nsul ator 15 gives a nolded and insul ated state due to a nolding that covers
a part of the insulated cylinder 3 axially fromthe fixed side of the

vacuum chanber £ne Vigay 7§h&ayl§cé&&ﬁnd6‘£€é&uﬁﬁé iln Fﬁ%ﬁf'etbe GRS faRsi ti on

with the fixed hol der and 20 the noving hol der aving a power source

vol tage appliesoipathesulsten! p4i 08 anadYeing hesvakveq the Fexeatric
equi potential surface distribution shown in Figures 6 to 8. This electric

equi potenti al sgid@cer dtlsé rvachiumnineoranetesi B (wendEena Cliéigied) oug for the
bl ock bounded by

the parameter for this block. Calculations have been

5 made by letting the potential of the electric contacts
(the fixed contact 6 and the moving contact 8), namely
of the fixed holder 7 (the moving holder 9), be 100
percent, that of the earthed outer case 16 be zero
percent and that of the arc shield 10 be floating

10 potential.

Figure 6 illustrates an electric equipotential

surface distribution when the solid insulator 15 is a
molding in a position (a height) covering the shield
end plate 5 of the vacuum chamber 2 and also a part of

15 the insulated cylinder 3. The electric equipotential
surface distribution shows that the shorter the line
interval is the greater the electric field strength is.
Note that the structure and the analytical result can
be easily compared by seeing the left half of Figure 6,

20 which shows the structure bounded by the heavy dash
and dotted line in Figure 4.

In this case, since the arc shields 10 and the

earthed outer case 16 have the solid insulator 15
inserted partially between them, they have a rise of

25 capacitance in between. The electric potential of the



- 13 the heavy dash and dotted line in Figure 4. \Were the solid insulator
15 is a nolding covering the fixed side of the vacuuminterrupter 1 (nanely
a height) is the paranmeter for this block. Calcul ations have been 5 nade by
|l etting the potential of the electric contacts (the fixed contact 6 and the
nmovi ng contact 8), nanely of the fixed holder 7 (the noving hol der 9), be
100 percent, that of the earthed out df case 16 be zero percent and that of
the arc shield 10 be floating 10 potential. Figure 6 illustrates an electric
equi potential surface distribution when the solid insulator 15 is a

molding in a position (a height) covering the shield end plate 5 of the
vacuum chanber 2 and also a part of 15 the insulated cylinder 3. The

el ectric equipotential surface distribution shows that the shorter the |ine
interval is theageeshesldbelel estincefsely piopoptionsl tdotkethat the

structure and the analytical result can be easily conpared by seeing the
left half of FigapacHtalfevibetheshotletdtestrictdortbotndethdyfibedheavy
dash and dotted line in Figure 4. In this case, since the arc shields 10
and the earthedontdet €asedlthéavevihg csohtactn8)| ahamelp the fixed
holder 7 (the moving holder 9), and the arc shields 10
5 and that between the arc shields 10 and the earthed
outer case 16. The greater the capacitance 1is, the
smaller the distributed voltage is. In this case, the
potential of the arc shields 10 is reduced to 56
percent, a value closer to that of the earthed outer
10 case 16. The so0lid insulator 15 is joined to the
insulated cylinder 3 at a junction 50 whose potential
is 43 percent.
Figure 7 illustrates an electric equipotential
surface distribution when the so0lid insulator 15 is a
15 molding in a position as high as below the shield end
plate 5 of the vacuum chamber 2. In this case, since
the arc shields 10 and the earthed outer case 16 do
not have the so0lid insulator 15 inserted between them,
the electric potential of the arc shields 10 is 65
20 percent, a value a little greater than in the case
shown in Figure 6. Since the center axis side of the
solid insulator 15 is in contact with the fixed holder
7, the potential at the junction 50 is 100 percent.

Figure 8 illustrates an electric equipotential

25 surface distribution when the so0lid insulator 15 is a



I nserted partially between them they have a rise of 25 capacitance in
between. The electric potential of the - 14 arc shields 10 is inversely
proportional to the capacitance between the electric contacts (the fixed
contact 6 and the noving contact 8), nanely the fixed holder 7 (the noving
hol der 9), and the arc shields 10 5 and that between the arc shields 10 and
the earthed outer case 16. The greatdP the capacitance is, the smaller the
distributed voltage is. In this case, the potential of the arc shields 10
Is reduced to 56 percent, a value closer to that of the earthed outer 10
case 16. The solid insulator 15 is joined to the insulated cylinder 3 at a
junction 50 whose potential is 43 percent. Figure 7 illustrates an electric
equi potential surface distribution when the solid insulator 15 is a 15

molding in a p%&iamgafnhégﬂsb@ftp@ﬁoa%tﬁfgﬁhwl%@n@pdﬁé@t@né & the vacuum

chanber 2. In this case, since the arc shields 10 and the earthed outer

case 16 do notihayEatd@ &Plislaénssl @t Othd vad\eéh t SlaiieéMeen tihemnid he
el ectric potential of the arc shields 10 is 65 20 percent, a value a little

gLeat er than incé$e, cesgce stiggnar® $hoeIds 610 AnEethidecgethied exteérsi de of
Hhe case 16 have the so0lid insulator 15 inserted totally
5 between them, the electric potential of the arc
shields 10 is 35 percent, a value much smaller than in
the case shown in Figure 6. Since the so0lid insulator
15 is in contact with the shield end plate 4, the
potential at the junction 50 is 100 percent.
10 Figure 9 is a graph of characteristics showing the
three cases in Figures 6 to 8 compared in which the
path from the junction 50 where the so0lid insulator 15
is joined to the insulated cylinder 3 toward a
junction 51 where the solid insulator 15 is joined to
15 the earthed outer case 16 has an electric
equipotential surface distribution. The origin is
designated for the junction 50, the horizontal axis is
for the reach of the path toward the earthed outer
case 16, and the vertical axis is for the logarithm-
20 indicated relative values of electric field strength
distribution.
Characteristic a is an electrical field strength
distribution in the case shown in Figure 6 where the
solid insulator 15 is a molding in a position covering

25 a part of the insulated cylinder 3, Characteristic b



solid insulator 15 is in contact wwth the fixed holder 7, the potential at
the junction 50 is 100 percent. Figure 8 illustrates an electric

equi potential 25 surface distribution when the solid insulator 15 is a - 15
nmolding in a position as high as the upper end of the insulated cylinder 3
of the vacuum chanber 2. In this case, since the arc shields 10 and the
earthed outer case 16 have the solidl®nsul ator 15 inserted totally 5
between them the electric potential of the arc shields 10 is 35 percent, a
val ue nmuch smaller than in the case shown in Figure 6. Since the solid
insulator 15 is in contact wwth the shield end plate 4, the potential at
the junction 50 is 100 percent. 10 Figure 9 is a graph of characteristics
showing the three cases in Figures 6 to 8 conpared in which the path from

the junction 50j¥hgheciBetsoball FNsUaateFed§thi §isOrMBdtiont bg tReul ated
cylinder 3 toward a junction 51 where the solid insulator 15 is joined to

15 the earthed est€rsrowe 16 hagune ®lwhéréctheqsibpodenhsal atorf aseis
distribution. The origin is designated for the junction 50, the horizontal
axis is for tha meadbngfihha pasbhtiomaas higheastbelowutke finseg€ 16, and
the vertical axis is for the |logarithm
side shield end plate 5, and Characteristic c is an
5 electrical field strength distribution in the case
shown in Figure 8 where the solid insulator 15 is a
molding in a position as high as the upper end of the
insulated cylinder 3, namely, covering the whole.
Comparison of these cases shows that the electric
10 field strength when the so0lid insulator 15 is a
molding in a position covering a part of the insulated
cylinder 3, as is apparent from Characteristic a, is
much smaller than in the case for Characteristic b
where the so0lid insulator 15 is a molding in a
15 position as high as below the shield end plate 5 or in
the case for Characteristic c where the solid
insulator 15 is a molding in a position covering the
insulated cylinder 3 throughout. Therefore, it is
possible to lessen the electric field strength applied
20 to the so0lid insulator 15 in its surface directions,
and then to lessen the thickness of the solid
insulator 15, which makes a smaller-size multi circuit
selecting switchgear possible.

It is further possible to functionwise fasten the

25 vacuum interrupter 1 and also to effectwise raise the



20 indicated relative values of electric field strength distribution.
Characteristic a is an electrical field strength distribution in the case
shown in Figure 6 where the solid insulator 15 is a nolding in a position
covering 25 a part of the insulated cylinder 3, Characteristic b - 16 is an
electrical field strength distribution in the case showm in Figure 7 where
the solid insulator 15 is a nolding L@ a position as high as below the
fixed side shield end plate 5, and Characteristic c is an 5 electrical
field strength distribution in the case shown in Figure 8 where the solid
insulator 15 is a nolding in a position as high as the upper end of the

i nsul ated cylinder 3, nanely, covering the whole. Conparison of these cases
shows that the electric 10 field strength when the solid insulator 15is a

molding in a p (iiéé@f‘l&é’i’eiﬁélglét%tré’ilétﬁ‘flif‘i%@tfgs @P&&e&% as is

apparent from Characteristic a, IS small er than 1n"the cas or

Characteristic PitNhere sdbeigoinsuidsstai®r 15 is a nolding in a 15 position
as high as below the shield end plate 5 or in the case for Characteristic c

where the solidigmbsedméof 4p is a nolding in a position covering the
Figure 10 illustrates a second embodiment of the
5 invention. The difference from the first embodiment
lies in that a moving side bus bar 25 is made up of a
flexible conductor.
According to this second embodiment, it is
possible to lessen the electric field strength applied

10 to the so0lid insulator 15 in its surface directions,
and at the same time to do without providing the
moving side bus bar 25 with a sliding contact and thus
to lessen the number of parts.

[Embodiment 3]

15 Figures 11 to 13 illustrate a third embodiment of
the invention. Figure 11 is a longitudinal sectional
view, and Figure 12 is a sectional view taken along
the line B - B of Figure 11. Figure 13 is a top view
of Figure 12.

20 According to the third embodiment, the vacuum
interrupters la, 1b and 1lc for each of the phases are
used as a circuit breaker, an earthing switch and a
disconnector respectively. The vacuum interrupters la
to 1c for each of the phases U, V and W and earthed

25 outer cases 16 and other components make up switch



I nsul ated cylinder 3 throughout. Therefore, it is possible to | essen the
electric field strength applied 20 to the solid insulator 15 in its surface
directions, and then to |essen the thickness of the solid insulator 15,
whi ch nakes a snmaller-size nmulti circuit selecting switchgear possible. It
Is further possible to functionw se fasten the 25 vacuuminterrupter 1 and
also to effectwise raise the - 17 &l d8trical insulation reliability of its
junction 50 wth the solid insulator 15. [Enbodinment 2] Figure 10
illustrates a second enbodiment of the 5 invention. The difference fromthe
first enmbodinent lies in that a noving side bus bar 25 is made up of a
fl exi bl e conductor. According to this second enbodinent, it is possible to
| essen the electric field strength applied 10 to the solid insulator 15 in
its surface dirgesitonse emeuat2évean@neeW) rewhdckiocaié| hast spewyi thng t he
nmovi ng side bus bar 25 with a sliding contact and thus to |essen the nunber
of parts. [EnboFigené B2, lpofitiorsdlinta #8wifonsthat theed hphasesbodi ment
of
And as shown in Figure 13, the vacuum interrupter la
as circuit breakers, the vacuum interrupter 1lb as
5 earthing switches and the vacuum interrupter 1lc as
disconnectors are opened or closed in a bundle for the
three phases by operating devices 12a, 23b and 23c
respectively. The single phase connecting diagram for
one phase according to the third embodiment is,
10 regarding the vacuum interrupters la to lc, one as
shown in Figure 14.
According to this third embodiment, it is possible
to lessen the electric field strength applied to the
solid insulator 15 in its surface directions, which
15 makes a smaller-size multi circuit selecting
switchgear possible.
[Embodiment 4]
Figures 15 and 16 illustrate a fourth embodiment
of the invention. According to the fourth embodiment,
20 the earthed outer case 16 in the third embodiment is
constructed into a 3-phase circuit bundled type.
Inside the earthed outer case 16, vacuum interrupters
la to 1lc for each of the phases U, V and W are placed.

According to this fourth embodiment, it is

25 possible to lessen the electric field strength applied



the invention. Figure 11 is a longitudinal sectional view, and Figure 12 is
a sectional view taken along the line B- B of Figure 11. Figure 13 is a
top view of Figure 12. 20 According to the third enbodi nent, the vacuum
interrupters la, |Ib and 1c for each of the phases are wused as a circuit
breaker, an earthing swtch and a disconnector respectively. The vacuum
interrupters la to Ic for each of thd%hases U V and Wand earthed 25
outer cases 16 and ot her conponents nake up switch - 18 wunits 26 (26U, 26V
and 26W, which are, as shown in Figure 12, positioned in a row for the
three phases. And as shown in Figure 13, the vacuuminterrupter la as
circuit breakers, the vacuuminterrupter Ib as 5 earthing switches and the
vacuuminterrupter | c as disconnectors are opened or closed in a bundle for
the three phasgs #ie 0§61 8d 1 MYsEENtE£S19 2for 28k0 padss, aw8PgeEtinely. The
si ngl e phase connecting diagramfor one phase according to the third

enbodi ment is, Jd&4méeghnidi g ifteyPateMhdt BisUPALINg | gad Cad€as ONEL@S Shown
in Figure 14. According to this third enbodinent, it Is possible to |essen
the electric fiehed andetighd appécewis® $heplify the structure.



solid insul ator

15 in its surface directions, which 15 nmakes a smal |l er-size
multi circuit selecting sw tchgear possible. [Enbodi nent 4] Figures 15 and

16 illustrate a fourth enbodi nent of the invention. According to the fourth
enbodi ment, 20 the earthed outer case 16 in the third enbodinent is

constructed int

case 16, vacuuminterrupters

the electric fi
phases, and at
one and thus ef
A nmulti circuit

5 fi xed cont act

cont act pl aced

10

15

20

25

0 a 3-phase circuit bundled type. Inside the earthed outer
la to-l @% or each of the phases U, V and Ware
pl aced. According to this fourth enbodinent, it is 25 possible to | essen
eld strength applied - 19 to the solid insulator 15 for two
the sanme tinme to integrate the insulating gas areas into

fectwse sinplify the structure. - 20 - WHAT IS CLAIMED I S 1.

sel ecting switchgear having a vacuuminterrupter formed by
sealing with a ghael dseaflatmkpt esei ther open end of an insulated cylinder,
pl aced inside the vacuuminterrupter and connected to a

fixed hol der penetrati agmhheisbiektdiendelBbatifigakwefengea® B8AYing HOVi N

i nsi de
vacuum interrupter formed by sealing with a shield end

plate either open end of an insulated cylinder, a
fixed contact placed inside the vacuum interrupter and
connected to a fixed holder penetrating the shield end
plate at one open end, a moving contact placed inside
the vacuum interrupter and connected to a moving
holder penetrating the shield end plate at the other
open end and facing the fixed contact, arc shields
placed surrounding the fixed contact and the moving
contact inside the vacuum interrupter and an earthed
outer case sealed to capsulate the vacuum interrupter
through the moving side and filled with insulating gas
therein, characterized in that

a part of the outside of the vacuum chamber is
covered with a solid insulator molding from a fixed
side to a moving side, and the earthed outer case is
fixed on the solid insulator.

2. A multi circuit selecting switchgear according
to claim 1, characterized in that a position of the
solid insulator molding from the fixed side to the
moving side to cover outer of a part of the vacuum
interrupter, where the fixed contact or the moving

contact and the arc shields have a smaller capacitance

a



t he vacuuminterrupter and connected to a noving hol der penetrating the
shield end plate at the other 10 open end and facing the fixed contact, arc
shields placed surrounding the fixed contact and the noving contact inside
the vacuuminterrupter and an earthed outer case sealed to capsul ate the
vacuum interrupter through the novin S|de and filled with insulating gas
15 therein, characterized in that a-p#fit -of the outside of the vacuum
chanber is covered with a solid insulator nolding froma fixed side to a
novi ng side, and the earthed outer case is fixed on the solid insulator. 20
2. Anulti circuit selecting swtchgear according to claiml1, characterized
in that a position of the solid insulator nolding fromthe fixed side to
the noving side to cover outer of a part of the vacuum interrupter, where

the fixed contagh B&t{86n"BNARTLRAL CHEEREEN ABHet HBcasR1SNECAHE PRYE A
smal |l er capacitance - 21 in between than that between the arc shield and

the earthed outgrtré8eouBerAcavéeti circuit selecting swtchgear according
to claiml1 or 2, characterized in that the vacuumb5 interrupter is provided
for each phase and BasAamulti circuit selecting switchgear according

to claim 1 or 2, characterized in that the vacuum

5 interrupter is provided for each phase and has a

molded and insulated state due to thevsolid insulator

molding for each phase and the earthed outer case is

fixed on the so0lid insulator for each phase.

4. A multi circuit selecting switchgear according

10 to claim 1 or 2, characterized in that the three
vacuum interrupters is provided for each phase, the
three vacuum interrupters for each phase has in a
bundle a molded and insulated state due to one solid
insulator molding for each phase and the earthed outer

15 case for each phase is fixed on the solid insulator
for each phase.

5. A multi circuit selecting switchgear according
to claim 4, characterized in that the three vacuum
interrupters for each phase are used as a circuit

20 breaker, an earthing switch and a disconnector.

6. A multi circuit selecting switchgear according
to claim 1 or 2, characterized in that a moving side
bus bar is provided outside the vacuum interrupter to
connect the moving holder.

25 7. A multi circuit selecting switchgear according to



nol ded and insulated state due to the solid insulator nolding for each
phase and the earthed outer case is fixed on the solid insulator for each
phase. 4. A nmulti circuit selecting switchgear according 10 to claim1 or

2, characterized in that the three vacuuminterrupters is provided for each
phase, the three vacuuminterrupters for each phase has in a bundle a

nol ded and insul ated state due to one2éofid insulator nol ding for each
phase and the earthed outer 15 case for each phase is fixed on the solid
insulator for each phase. 5. A nmulti circuit selecting swtchgear according
to claim4, characterized in that the three vacuum interrupters for each
phase are used as a circuit 20 breaker, an earthing switch and a

di sconnector. 6. A nulti circuit selecting switchgear according to claiml
or 2, characterézgetnié), tORdract®ri@d siflethdtsthermoeimg oyidiebwsitisagle the
vacuum interrupter to connect the noving holder. 25 7. A multi circuit

sel ecting sw t ciyarddecaprof @ fhexikle cdwduetor characterized in that the
novi ng side bus bar is nade up of a flexible conductor.





