- 1 - TITLE OF THE I NVENTION Multi Circuit Selecting
Swi t chgear BACKGROUND OF THE | NVENTI ON [Fi el d of
Technol ogy] 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 distribukion system generally 10
speaki ng, sw tching anong power source |ines supplying
electricity to loads is carried out by using a nmulti
circuit selecting swtchgea,r. A nulti circuit

sel ecting switchgear has been represented by what is
known as a gas-insulated-type multi circuit selecting
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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 switchgerr. A multi rcircuit
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.




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
fi xed hol der penetrating the shield end plate at one
open end and a novi ng contacZ tonnected to a noving
hol der penetrating the shield end plate at the other
open end. These electric contacts are placed facing
each other, wth arc shields placed |ike surrounding
10 them OQutside the vacuum chanber a noving side bus
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is in contact with the noving holder, and the
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open end. These electric contacts are placed facing
each other, with arc shields placed like surrounding
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
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
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

to the moving side end. This is, for instance,
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- 3 described in Patent Docunent 1 bel ow. [ Patent
Docunent 1] Japanese Patent application Laid-open
publication No. 2002- 15645 SUMVARY OF THE | NVENTI ON 5
According to the prior art, the outside of the vacuum
chanber has been given a solid-insulator nolding that
covers it axially throughoutd3 fromthe fixed side end
to the noving side end. Wen the noving contact is put
into the closed position, it turns out 10 that the
solid insulator |ocated between the vacuum chanber and
the earthed outer case has its end face receiving in
the surface directions the application of a great
electric field strength equival ent. to power source

vol t §§ECcrihed I’é‘ac?sattg S e b ot?efcﬁfé 15 necessity
for enlarging the thlckness of_the solid insulator,

whi ch restf3tent, Dpgument 11} hJapnanese, Patent application
manufacturing cost of the multi_circuit selecting
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provi de a multi circuit selecting swtchgear
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applied to the  solid insulator that puts a vacuum
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nmol di ng and thus of = size reduction. 25 To achieve the
abov & Shnbsay &as beerivRp @ 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
that the solid insulator located between the wvacuum
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 bower
source voltage. This leads to the problem of the
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
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.

To achieve the above-mentioned object, according




4 to the invention, a nmulti circuit selecting

switchgear is provided characterized in that a vacuum

chanber constructed by sealing with a shield end plate

either open end of an insulated cylinder has a nol ded

and 5 insulated state due to a solid-insulator nolding

that covers a part of the-idsdlated cylinder axially

from the fixed side. Put otherw se, according to the
invention, a multi <circuit selecting switchgear is

provi ded characterized 10 in that the solid insul ator

axially covers the insulated cylinder where an electric

contact (fixed contact or noving contact) and an arc

shield have a smaller capacitance in between than that

bet wvebf BRe dpverfigpd anBulkd edrcmdd selectdsge swischgear
Note that this specification has appellation such that

the fiReBre¥ifgd: charaggerdredr inott ay yaquwn charher
(vacuuminterrupter) lies on "the fixed side" and that
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side." 20 According to the invention, the capacitance
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a nolding that covers a part of an insulated cylinder,
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voltages . .
he fixed side.

Put otherwise, according to the invention, a multi
circuit selecting switchgear is provided characterized

10 in that the solid 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




5 of the arc shields 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

i nsul ator, which makes a smaller-size nmulti circuit

sel ecting sw tchgear possibl®.-BR EF DESCRI PTI ON OF THE
DRAW NGS Figure 1 is a longitudinal sectional view
illustrating an enbodi nent of the present invention.

10 Figure 2 is a sectional view taken along the line A

- Aof Figure 1. Figure 3 is top view of Figure 2.

Figure 4 is an enlarged sectional view of the

principal part in the first enbodinment. 15 Figure 5 is

a siﬁﬁ?et aREC comhetdfngndi hheaparthpfaputay gaserstlt is
enbodj nrent of the present_invention. Figure 6 is an

el ectiikthenipesehblal tauteasendtber ehacfshcchapldf strength
the description of the  invention. 20 Figure 7 is

anot PP Eledt t9 cteuspbidningulaterate i8sssnurbaceon
chart_for the description of the invention. Figure 8

i s othEreeters; cardutpolensenl therthiekngsst pEbtihpoRolid

chart for_the description of the 25 invention.
insulator, which makes a smaller-size multi circuit

selecting switchgear possible.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a longitudihal 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.



6 Figure 9 is a graph of characteristics for the
description of the invention. Figure 10 is a sketch
view illustrating a second enbodi nent of the present
invention. 5 Figure 11 is a |longitudinal sectional view
illustrating a third enbodi nent of the present
invention. Figure 12 is a segt+onal view taken al ong
the line B - Bof Figure 11. 10 Figure 13 is top view
of Figure 12. Figure 14 is a single phase connecting

di agram explaining the third enbodi nent of the present
invention. 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 DESeRe PTI &R @r9Teeh| RUESIFRORCRevAEtilAscRarbshe
is copstructed by sealing with a 20 shield end plate

ei t héteHPetP elRn oL abhe nkRyeREiON eyl i nder. A fixed
contact is connected to a fixed holder penetrating the
shiel d enfiiPrEeel@tidna shehcheWiiewahdlustsetihggcensecond
is connected to a noving holder penetrating the shield
end fiERditerheohttee DreepRh BrdentheRe el ectric

contacts are placed facing
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 illustrating 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




- 7 each other. In the vacuum chanber there are arc
shi el ds placed like surrounding the electric contacts
(fixed and noving contacts). A noving side bus bar is
in contact with the noving hol der outside the vacuum 5
chanber. A solid insulator gives a nolded and i nsul ated
state due to its nolding thal tovers axially fromthe
fi xed side end of the vacuum chanber a part of the
insul ated cylinder. An earthed outer case capsul ates

t he vacuum chanber through the noving side 10 end and
is fastened and fixed on the solid insulator, and
filled with insulating gas therein. A place of the

ner A9 S e actasc‘?glﬁfatcﬁ?éﬁbi‘f“'@med G
e o 5@*%%333%2 LS raFRtedo Thg RS ﬁ?ﬁLESnﬁ?cts
nverged Su'rfhé\ffﬁéa% Safachs b ﬁs"?fogve&eq”oﬁfa{ twsavpar is
gy %grat;%c G e ST BT 86204 o
10018 gy o0 e%&ié%[eﬁafsel%ta'gt???r";"sqﬂiv'ﬁe%v A mqid A ¢ an
i cwTEhte GEE S ER R e TR0 ol e STanty ] Bl ieSipnptansy
int erd iy elghé Sf&é’disdf eagrgc'itofmﬁuéy\’zacuum chamber a part
of the insulated cylinder. An earthed outer case
capsulates the vacuum chamber through the moving side
10 end and is faétened 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,



8 a franme to house a nulti circuit selecting

swi tchgear according to the invention omtted from
illustration. Figure 4 shows a heavy dash and dotted

line for a good wunderstanding of the effects of the
invention that 5 will be nentioned [ater. Wth

reference to Figures 1 to 4,8there are three vacuum
interrupters la, Ib and Ic all installed for each

phase. A vacuuminterrupter 1 is nade up of a vacuum
chanber 2 constructed by sealing with shield 10 end

plates 4 and 5 the open ends of an insulated cylinder

3. The vacuuminterrupter 1 is nmade up of a fixed

contact _6 conpected to the end of a fixed holder 7
penet? & THEE t hR RANEP 2 AVl Bl afirsuikofiplestbrgt Witchgear
| ower_one | n the dramﬁng. A noving hol der 9 penetrates
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and cgaxial to the fixed holder 7. The fixed_contact 6

f acest t1HE G0V FOWS| Acheadvindasheandndetiedpling for a good
contact_ 8 connected and fixed to it. The noving.

cont aderstpding ot ortacetfegEs B@sFPﬁohBEeﬂgéPﬁth@t
each olffr. The fixed_contact 6 and the novi ng cont act

3 hattlh Re meRhtaRed el @E@Fodes surrounded by arc

shields 10,.. The_noving holder 9 is_exposed outside the
vacuum 6%%EBeFe§eﬁﬁHcgstEOEHQEFéé thiteudh ihesgepzei free
rod 11 25 to, an operating, device 12. The_operati

devi cquum Jdnterrupters "la, 1b and lc all 1nsta?.%ed 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



- 9 provided with an operating nechani sm (not shown in
the drawi ng) for the opening and cl osi ng between the
novi ng contact 8 and fixed contact 6. The novi ng hol der
9 has a vertical novenent, 5 against which the vacuum
of the vacuum chanber 2 is gecured by using a bel | ows
13 made of stainless steel. “The noving holder 9 is in
contact outside the vacuum chanber 2 with a novi ng
side bus bar 14. The noving side bus bar 14 has a
sliding contact shoe, through 10 which it is
electrically connected to the noving holder 9. The
novi ng si de bus bar 14, as shown in FiguLe %, is in
cont a ; t [N I 9 t r
vacuLby Phtape RELHCUp 8eRT b The) neBhanRh (Hot' BRI 9% the.

15 Tharsaehyy ebnbae SpBATng Hg@dggpgﬂﬂai BRALR] tne
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nol ded angyppn dsit u 0_.a [ [
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shields 10 an rthe case 25 gures

2 andpde SOV £i§SRS1UBET 6 18 1HPBEhtact outside the vacuum
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
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- 10 position 15a of the solid insulator 15 is
positioned in the vertical vicinity of the |ower ends
of the arc shields 10. The earthed outer case 16
capsul es the vacuum5 interrupters la, Ib and Ic

t hrough the noving side of the vacuum chanber 2

i ncluding the noving side-bd8® bar 14 and its | ower
openi ng port was fastened and fixed on the solid

i nsul ator 15. The earthed outer case 16 is filled with
insul ating 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

i nsul ating. gas, . The_oper at i rods 11 for__the vacuum
irﬂeﬂRQRﬁéhé%l%Eal%ﬁa. |%°£f% TRFRE_teE 17 niF geoshEioned

t hed t 6 1o, the noyi hol der 15_9,
penetith e NeRETCHEHTHA TE a2k Gite AhoWaF eRasrAEctRE arc

to thfglj‘oé)leigtei(gg device 12. Switch units 26 (26U, 26V

and ach made up of the vacuuminterrupters

latolc for thejr _.respective phases U, .V and W the
earthed o %reéﬁt%e§o°ﬁ eLngadenif cBRPBLEAt heTHasaum

units, are, as sho i Fi re 2 Placed in arowfor

in r
t hr eep %PtQ#ﬁy{§Hi¥P a0d  Fat Bhrqualyakhe ymoy iggr side of
ti f dt i n toward_the |ower end and_is
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on the solid insulator 15. The earthed outer case 16

is filled with insulating gas. The solid insulator 15

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

which are housed inside the earthed outer case 16
filled with insulating gas. The operating rods 11 for
the vacuum interrupters la, 1b and lc are connected

inside the earthed outer case 16 to the moving 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 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




- 11 to a cable 18. The solid insulator 15 has an

earthed Ilayer 19 formed around it. The vacuum

interrupter 1 is provided, as shown in Figures 2 and

4, adjacent with an earthing-switch 5 oriented vacuum
interrupter 20. The vacuuminterrupter 20 is, like the
vacuuminterrupter 1, reta ddd-by the solid insulator

15. The vacuuminterrupter 20 has its fixed 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 multi circuit selecting swtchgear
const%ucted L% Lge qﬁgner so_far described operates in
conver? i drnddPHant8r s, ThgRotit ringilater 15 faagsan earthed
necessity f Putli ed description. Single-line

conn ?Y%ﬁ f%r e3n3ERURH| ithe shown in Figure 5. It

i's assuneg that the yvacuuminterrupter Ic has its .
fixed si deN€oRAEEIBALPECETIBAAT ilnd SLPARYidREk: fise shown in
vacugy]interr pteés la_and | b _have their fixed side 20
connect B D R SourddareREsWAtAnanpearthépanswitehr
each other. The vacuun1interru€ters 12§Ia, | b and 1c)

are FFVRINEY YREUYPet AESREUREST c2Q - 1The Jgacuum ipgerrupter
12c) %Q a paL{ of , the sane al| phabet. The load line L is
suppl 4&d S t1HEF bt | ¥REYUBy 1N 8T ENBEERG 1S oFebadReBhRY e the

the vacuum jnterrupter_|c and
SO 1én1nsu at£E {5. The vacuum interrupter 20 has its

(67)

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. 1t
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 1lc)
are driven by the operating devices 12 (12a, 12b and
1l2c) 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




12 then the vacuuminterrupter la. The vacuum
interrupter |c has its fixed side connected to the

load line L, which is supplied with electricity by the
power source |ine A that the vacuuminterrupter |a has
its fixed 5 side connected to. Supplying the load Iine
Lwith electricity fromtha2lead Iine B is 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, nmulti circuit 10

sel 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

i nveriti&h, li%evafaeumn%nt@péwwe%al iThara@cunm dinterrupter
vacuun1chanber to. 15 which the solid insulator 15

gi vest @ Wt de'e aﬁ?c?‘?‘?]s%}%% eerrRe¢ed kot Bhey hoadi hine L,
that covers a part_of  the insulated cylinder 3 axially
from% ff.%éos%?mlele%fwm electrd ehtivey the \pewer heource
vacuun1|nterrupter is in the closed position with

the 30 Adthak #l%n‘bawrﬁ hEn beRr iRt | b rhas hits nfised
power source Vv applled to them sinulation

anal yeide r%n%%f?t% SRRl g diiep draaet ildines Jr iicdh
di stribution shown in Figures 6 to B. This electric
equi FOESHE A WU e thetleaditl e Bsliareaysied hoet by
been carrjed qut for the bl ock bounded by
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opening the vacuum interrupter la for each of the
phases U, V and W and then closing the vacuum
interrupter 1b. 1In this manner, multi circuit
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
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
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

analysis has been carried out for the block bounded by
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- 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 paraneter for this block. Cal cul ati ons have been 5
made by letting the potential of the electric contacts
(the fixed contact 6 and t-ha3revi ng contact 8), nanely
of the fixed holder 7 (the noving 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
equi potential surface distribution when the solid
insulator 15 is_a nolding in a position (a height)
coverth® haavindash andqdetsed 3ise dheFiguuemichalibere the
2 and also a part of 15 the insulated cylinder 3. The
el ect§9+ti@ginpuiakerald isrfaveldisgr coueradngshbes fiiked
the shorter the line interval is the greater the
el ect§idefpf| hetvapgen interrmgpterhit (nAwedyracheight) is
and the analytical result can be easily conpared by
seei Nghe hearametenr| fobf tiFgubdoek. 2(Cakielatiove hiree been
structure bounded by the heavy dash and dotted line in

5ri gureade by, iettipgsehespatenthalapf theebliectfigndontacts
the earthed outer case 16 have the solid insulator 15
i nsertidie phixed| conretieenandetet heyingveontacte8df BBmely

capaci tance in between. The electric potential of the
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




14 arc shields 10 is inversely proportional to the
capaci tance between the electric contacts (the fixed
contact 6 and the noving contact 8), nanely the fixed
hol der 7 (the noving holder 9), and the arc shields 10
5 and that between the arc shields 10 and the earthed
outer case 16. The greater-thke ctapacitance 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 potentia

is 43_percent. Figure 7.illustrates an electric

equi pBTEnthaP1as,dPads dnYerssdyi BFoReEt iomalsdiq dhe

i nsul at or 1? is a, 15 noldhng I.n a position as high as

bel ow BRBCLHABFE BREVEPD: &hs ™ R echE ifa Comhadtanidhey fixed
In this case, sin&e the arc shields 10 and the earthed
outer083§@°§66den n&enBP¥inge COBItAS Y §Jul Aasrelys the fixed
inser%eg bet ?n them . the electric potential of the

arc shPLHBE ?g thegBoyangehedAer §)vaand ihe @nce shields 10
reater tF n,i %he case shown in_Figure 6. Since the
ent e ax [ he™®s d i &1yén eéarthe

Zent cAMdxFBAL; BetuPefnihes dPPASPiSlz 4O #5G Fhien carthed

contact, with the fixeq%holder 7, the potential at the
j unctPBRSE0CREC 148 - petRer9Teqt gt Ehg ¢aPacitanes af., the

fLgcg%r}u%hfgﬁggﬁtgfaﬁis?'gipﬁ%gﬁu%?%gggi S O e e, 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 equipotential
surface distribution when the solid 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 énd the earthed outer case 16 do
not have the solid 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 solid insulator 15 is a




- 15 nolding 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 solid insulator 15 inserted
totally 5 between them the electric potential of the

arc shields 10 is 35 percentl5 & val ue nuch snall er than

in the case shown in Figure 6. Since the solid

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 show ng the

three cases in Figures 6 to 8 conpared in which the

path fromthe junction 50 where the solid insulator 15

i s j ANEHRD ihe2 PRI BIQR 25| highras theawBpaer end of the
junctjon 51 where the solid insulator 15 is joined to

15 t HEpkatRd ol rdens? b Hag wacewacehagber 2. In this
equi potential surface distribution. The origin is

desi ift%ed $HICe heh¢ L1 3%Ei Dalebdst he apdi thataarkhked pyter
for the reach of the path toward the earthed outer

case @5 ok Rdee Ve | sl idxinspkater 1heinsgatedntiobally

i ndicated rel ative values of electric field strength

3di st RHGh. themly dherelectricipotentiatt of chhef ased
strength _distribution in the case shown in Figure 6

wher SRRLAS 0 (1§ 3R ReBFeRS. |3 vahkee dhwghi smaller than in
position covering 25_a.£art of the insulated cylinder

3, cH3re Gase ghewy in Figure 6. Since the solid 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 solid 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



- 16 is an electrical field strength distribution in
the case shown in Figure 7 where the solid insulator
15is a nolding in a position as high as bel ow 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 thelsol4d 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.

Conpari son of these cases shows that the electric 10
field strength when the solid insulator 15 is a

nol di ng in a position covering a part of the insul ated
cyl i nder 3, fs is,aggarent from Characteristic a, is
much $%efPefleRERLE tﬁéeégsétFﬁpgtﬁa@&EFEip§FF9nbln the
where the SO|Id | nsul at.or IS a nDIdln%.ln.a 15 )
posi tF3%e a8h ﬂwﬁhlﬁsF%gpﬁﬁ/?h@h§ﬁFeFHeeﬁ9 5ﬂaﬂESBlQF°Fn15 is
t he case {@_ Characteristic c where the so

i nsul &tBP14ENgs1n ApPAshELPA aspbighi as bé&@WlﬁQetﬁéxed
i nsul ated cylinder 3 throughout. Therefore,

possi%&i et +%§geﬁn@h81@F%c§rl@nﬂ|€P§r§FFéﬁg§ﬁlﬁp§IFédan
20 to the solid insulator 15 in_its surface directions,
and tHERCHELER s@ﬁe%ﬂesFﬁ?EﬂﬁgsglﬁFr%HEtéep|an the case
i nsul 15, which makes a smaller-size nulti circuit
seledgyﬂﬁnsﬁﬁt%h%%ﬁ? Po¥kepeethe splid inpaiapessipl és a

to funciionwi se fasten the 25 vacuuminterrupter 1 and
al so 't %*?%c%ﬂn%ep?ﬁ}géo?hés high as the upper end of the

insulated cylinder 3, namely, covering the whole.

(6]

Comparison of these cases shows that the electric

10 field strength when the solid insulator 15 is a

25

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 solid 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

vacuum interrupter 1 and also to effectwise raise the



- 17 electrical insulation reliability of its junction
50 with the solid insulator 15. [Enbodi nent 2] Figure
10 illustrates a second enbodi nent of the 5 invention.
The difference fromthe first enbodinent lies in that

a noving side bus bar. 25 is made up of a flexible
conductor. According to thid7second enbodinment, it is
possible to lessen the electric field strength applied
10 to the solid insulator 15 in its surface directions,
and at the sane tine to do wi thout providing the

nmovi ng side bus bar 25 with a sliding contact and thus
to | essen the nunber of parts. [Enbodiment 3] 15

Figures 11 to 13 illustrate a third enbodi nent of the

i nverRISFET I {hringulation | pekiakil bty eBcitsniunctien, 50
and Figure 12 is_a_sectional view taken along the line
B - Bigfh Figreehid Mmyukatan 15.4 top view of Figure
12. 2Q According to the third enbodi ment, the vacuum

i nt erlEMRQAnent 2 and Ic for each of the phases are
used as a circuit breaker, an earthing swtch and a

di sconnecf¥9u¥especiliwsiratpe gaseoaninesbpdpments pf the
to lc for each of the phases U, V and Wand earthed 25
Sout e TVEIHSLOfE: gl THE L eggsen &fom ridiee flirstniemitpdiment

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 solid insulator iS 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, 1lb and lc for each of the phases are
used as a circuit breaker, an earthing switch and a
disconnector respectively. The vacuum interrupters la
to 1lc for each of the phases U, V and W and earthed

25 outer cases 16 and other components make 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 vacuum
interrupter la as circuit breakers, the vacuum
interrupter Ib as 5 earthing sw tches and the vacuum
interrupter Ic as disconmedfors are opened or cl osed
in a bundle for the three phases by operating devices
12a, 23b and 23c respectively. The single phase
connecting diagramfor one phase according to the
third enbodinent is, 10 regardi ng the vacuum
interrupters la to Ic, one as shown in Fi gure 14.

hi [ ble to,
Pecociifth 26 (28u 260, SRECPRRT nmibh aagosg'ﬁhaﬁowr;:m
maked adlﬂg s é‘?%ie%ﬁ?s%’f’ﬁ%ﬁf?dé 5§E#ﬁﬁgthree Phases.
1 16
?F1Ls Fate égiourt+P n%%%?%%ﬂ?nt tﬂ@ ﬁﬁﬁ:ﬁyggﬁyupter la

h hed
oot ot e o %eﬁék%ﬁfﬁ%ﬁf?mt%&éeﬁnﬁfé%iedas
'eQmZaﬁfPi@ Lidied SUUHES BR8P e EubltEs 1e as
I d.
,ngzzor | ngq{né%\ﬁl S ?%Ie?st?%%v @23%{3?55?3 ?ﬁ%ﬁSb'bﬁgé?bf%r the
to l%%%%Etﬂha§%§xﬁ§loper§%fh§t ngégsaPEAEeQBb and 23c

respectively. The single phase connecting diagram for

6]

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




- 19 to the solid insulator 15 for two phases, and at
the sanme tine to integrate the insulating gas areas
into one and thus effectwi se sinplify the structure.
20 WHAT IS CLAIMED IS 1. A nmulti circuit selecting
swi tchgear having a vacuum interrupter (1) conprising
an insulated cylinder (3) sd®ed at either open end
with a shield end plate (4, 5) to forma vacuum
chanber (2), a fixed contact (6) placed inside the
vacuum chanber (2) and connected to a fixed holder (7)
penetrating the shield end plate (5 at one open end, a
nnvable contact (8) placed inside the vacuum chanber
and_connected.to vabl e _hol enetrating
the E‘Pn%‘l‘% %ﬂﬁ §| mu?q‘ﬁgst %héost EEP é{aéﬁ éndaaﬁdat the
facin |x€d cogtact éﬁ% arc shiel ds g
surr nb PretPi XRHeILAY bﬁbFBSE atipgsgps, agpas into
i nside the afuun1c é an _earthed outer
case QQ%)a%é Qﬂst% EUF ?es%ﬂ811§8059ﬁ1FﬁFEPFHEFer
(1) at the novable contact side and filled wth
i nsulating gas, characterized in that a part of the
out si de of the vacuum chanber (2) is covered with a
solid insulator (15) nolded fromthe fixed contact
side toward the novabl e contact side, and the earthed
outer case (16) is fixed on the solid insulator (15).
2. A switchgear according to claim1, characterized in



that the solid insulator (15) is nolded fromthe fixed
contact side toward the novable contact side to cover
the outside of the vacuum chanber (2) up to such a
position (15a), that the capacitance between the fixed
contact (16) or the novable contact (8) and the arc
shields (10) is smaller tha#0 t hat between the arc
shields (10) and the earthed outer case (16). it 21

3. A smﬁtchgear according to claim1 or 2,
WERAr dct eFPZBED R that a vacuuminterrupter (la, |b,
lc) is provided for each phase and is insulated by the

nol ded solid insulator (15), and the earthed outer
lcaseA(18)ltis £ixedibnsehecsohpd sWinsilosrar {dB)ng 4. vAcuum
.SW_t chgear ording.to claim,l or, 2, characteriz in
PR EEREEE JdduSHERiGLrdpeer detdaties’ St nhee 1) sehled
aRr evicded obenh each Ahase drheibhiee yagwem int enr upt eotm a
for each phase being in a bundle insulated by one

veshded aainer | sul agorf 1keS) canfdican ar t hedcedt énsédse the

6)._provi ded for,, each phase i.s fixed on _the so|
Vi(ar]ﬁjé%fnat%?ér?q%j o(fz)t h%ngescpoencqelcvtee phgge.a g_.lxlid .hogder (7)
pewetehgeay aacor dhnglto lai Pl dee chanaciter baed dgen t BAH, a
the three vacuuminterrupters (la, Ib, Ic) of each

MONASE Car® s ada AaAAt brewk@r than @i nghampeeh (2)
a@?{gi ﬁ]érllf?%?i?g?”ﬁﬁ%?;%t érgzlvzedl%""' hehgear asFOordiNgffing the
shield end plate (4) at the other open end and facing the
fixed contact (6), arc shields (10) surrounding the fixed
and movable contacts (6, 8) inside the wvacuum chamber (2},
and an .earthed outer case (16) sealed to capsulate the
vacuum 1interrupter (1) at the movable contact side and
filled with insulating gas,
characterized in that a part of the outside of the vacuum
chamber (2) 1s covered with a solid insulator (15) molded
from the fixed contact side toward the movable contact

side, and the earthed outer case (16) is fixed on the solid

insulator (15).

2. A switchgear according to claim 1, characterized in
that the solid insulator (15) is molded from the fixed
contact side toward the movable contact side to cover the
outside of the vacuum chamber (2) up to such a position
(15a), that the capacitance between the fixed contact (6)
or the movable contact (8) and the arc shields (10) 1is
smaller than that between the arc shields (10) and the

earthed outer case (16) .



in that the novable holder (9) is connected to a

nmovabl e contact side bus bar (14) provided outside the
vacuum chanber (2). 7. A switchgear according to
claim6, characterized in that the novabl e contact
side bus bar (14) is nade upz?f a flexible conductor.

3. A switchgear according to claim 1 or 2, characterized
in that a vacuum interrupter (la, 1b, 1lc) is provided for
each phase and is 1insulated by the molded solid insulator
(15), and the earthed outer case (16) is fixed on the solid

insulator (15).

4. A switchgear according to claim 1 or 2, characterized
in that three vacuum interrupters (la, 1lb, 1lc) are provided
for each phase, the three vacuum interrupters for each
phase being in a bundle insulated by one molded soclid
insulator (15), and an earthed outer case (16) provided for
each phase is fixed on the solid insulator (15) of the

respective phase.

5. A switchgear according to claim 4, characterized in
that the three vacuum interrupters (la, 1lb, 1lc) of each
phase are used as a circuit breaker, an earthing switch and

a disconnector.

6. A switchgear according to claim 1 or 2, characterized
in that the movable holder (9) is connected to a movable
contact side bus bar (14) provided outside the vacuum

chamber (2).

7. A switchgear according to claim 6, characterized in

that the movable contact side bus bar (14) is made up of a

flexible conductor.




