- 1 TITLE OF THE | NVENTI ON VACUUM SW TCHGEAR BACKGROUND OF THE | NVENTI ON
(Field of the Invention) 5 [0001] The present invention relates to a vacuum
swi tchgear used in a power receiving and distribution apparatus such as
cubi cl e-type switchgear, which receives power froma bus and distributes
the received 10 power to various types of electric devices. (Prior Art)

[ 0002] A power receiving and distributi-on apparatus that receives power
froma bus and distributes the received 15 power to various types of

el ectric devices, for exanple, accommpdates in a container bus-side
conductors connected to the bus, |oad-side conductors connected to |oads, a
main circuit swtch for connecting the bus-side conductors to the |oad-side
20 conductors and di sconnecting themfromthe | oad-side conductors, and

eart hi ng smﬁtc?%ﬁiﬁpkmgﬁeﬂpqy%$ﬁg¥% | oad side conductors. [0003] In an

exenpl ary power “receiving-an |strﬁhution 25 apparatus of this type, the
above devices etC. p@yyM SWITCHGEAR

BACKGROUND OF THE INVENTION

(Field of the Invention)

5 [0001]

The present invention relates to a vacuum
switchgear used in a power receiving and distribution
apparatus such as cubicle-type switchgear, which
receives power from a bus and distributes the received

10 power to various types of electric devices.

(Prior Art)

[0002]

A power receiving and distribution apparatus that
receives power from a bus and distributes the received

15 power to various types of electric devices, for
example, accommodates in a container bus-side
conductors connected to the bus, load-side conductors
connected to loads, a main circuit switch for
connecting the bus-side conductors to the load-side

20 conductors and disconnecting them from the load-side
conductors, and earthing switches for grounding the
load side conductors.

[0003]

In an exemplary power receiving and distribution

25 apparatus of this type, the above devices etc. are



- 2 disposed in a superiorly insulated container under vacuumin order to
reduce the size of the apparatus and |ncrease the stability of

installation, as disclosed in Patent Documeént 1. 5 [ 0004] In anot her power
recei ving and distribution apparatus, its main circuit switch is configured
as a vacuumval ve, and the vacuum val ve and devices connected to it are
nol ded with epoxy resin or another 10 insyl ating material in order to reduce
the nunber of parts to be assenbled and inprove an installation thereof,
as disclosed in Patent Docunent 2. [0005] Patent Docunent 1. Japanese
Application Patent 15 Laid-open Publication No. 2000-268685 Patent Docunent
2: Japanese Application Patent Laid-open Publication No. 2003-333715
SUMVARY OF THE | NVENTI ON ( Probl ens to be Sol ved by the Invention) 20 [0006]

Vacuum swi t chg s as descri bed ahove are r ir to be hi A reliable,
conpact, and i ﬁaél‘fﬁé’ﬁ?dvem fo s%&lotrﬁé’séq’s L{:r edﬁecrﬂ l&é t chgear s
as described in Gakenh RIS b 2rdPUSASE ?t%ema%opoasxeadtus
and increase the stability of installation, as
disclosed in Patent Document 1.
5 [0004]

In another power receiving and distribution
apparatus, its main circuit switch is configured as a
vacuum valve, and the vacuum valve and devices
connected to it are molded with epoxy resin or another

10 insulating material in order to reduce the number of
parts to be assembled and improve an installation
thereof, as disclosed in Patent Document 2.

[0005]

- Patent Document 1: Japanese Application Patent

15 Laid-open Publication No. 2000-268685

Patent Document 2: Japanese Application Patent
Laid-open Publication No. 2003-333715
SUMMARY OF THE INVENTION

(Problems to be Solved by the Invention)

20 [0006]

Vacuum switchgears as described above are required
to be highly reliable, compact, and inexpensive. To
meet these requirements, various switchgears as
described in Patent Documents 1 and 2 above are

25 proposed.



- 3 [0007] Reliability as well as conpactness and i nexpensiveness of the
vacuum swi tchgear are nmutually conflicting requirenments. Specifically, if
an attenpt 5 is made to further increase the reliability (safety),
expensive material have to be used, resulting in a high cost. Consequently,
the problemw th the conpactness and inexpensiveness is not solved. If an
enphasis is placed on conpact ness and i nexpensi veness, 10 the quality is

| owered and the reliability may be sacrificed. The vacuum swi tchgear
described in Patent Docunent 1 is designed to neet the conflicting
requirenents for reliability as well as conpactness and inexpensiveness.
However, epoxy resin or another 15 insulating material used for nol ding may
be exposed to a severe environnent, in which case deterioration by aging
i s unavoi dabl e. qg) f t he |nsulat|ng material such as epoxy resin is
20 deteriorated as escr bed above, its |nsulat|ng property is | owered,

possi bly causi ng a fayl t pr ault, the
insulating material #?Hgﬁlfﬁy %ﬁﬂg_'%ﬁﬁﬁﬁﬂ&? I?%£¥§%H£years of service.
Thi s i nor eases jhgaNrdsd B1liHd NadihP Al diffthr e Wiftdding 1n 2

hi gh cost. Vacuum Sw tchgears at
conflicting requirements. Specifically, if an attempt

5 is made to further increase the reliability (safety),
expensive material have to be used, resulting in a
high cost. Consequently, the problem with the
compactness and inexpensiveness is not solved. If an
emphasis is placed on compactness and inexpensiveness,

10 the quality is lowered and the reliability may be
sacrificed. The vacuum switchgear described in Patent
Document 1 is designed to meet the conflicting
requirements for reliability as well as compactness
and inexpensiveness. However, epoxy resin or another

15 insulating material used for molding may be exposed to
a severe environment, in which case deterioration by
aging is unavoidable.

[0008]
If the insulating material such as epoxy resin is

20 deteriorated as described above, its insulating
property is lowered, possibly causing a ground fault.
To prevent the ground fault, the insulating material
has to be thick enough to withstand years of service.
This increases the amount of insulating material used,

25 resulting in a high cost. Vacuum switchgears at



- 4 present still need inprovenent in ternms of reliability, conpactness,
and i nexpensi veness. [0009] The present invention addresses the problens 5
descri bed above with the object of providing a conpact, inexpensive vacuum
swi tchgear having a further inproved reliability. (Means for Solving the
Probl enms) [0010] 10 To achieve the above object, a vacuum sw tchgear
according to an aspect of the present invgntion has a nold section to which
conductors connected to fixed electrodes of switches are nolded with resin
and includes a vacuum container, disposed on the nold 15 section, that
accomodat es the switches, each of which conprises the fixed el ectrode and
a novabl e el ectrode connectable to and di sconnectable fromthe fixed

el ectrode. [0011] 20 A vacuuntswttchgear according to anot her aspect of

t he present |nvent|on hatr d secH&into mhlch eagthg %Sﬁ % and
conduct ors conREECER |xe Sl PRSIt shi ¢ EREDS 2P a8 H resin

:ggon%gggrggst eg@&gagkggntégc Egé%ﬁ%%ﬁ?yzdgééﬁmannld 25 section, that
[0009]
The present invention addresses the problems
5 described above with the object of providing a compact,
inexpensive vacuum switchgear having a further
improved reliability.
(Means for Solving the Problems)
[0010]

10 To achieve the above object, a vacuum switchgear
according to an aspect of the present invention has a
mold section to which conductors connected to fixed
electrodes of switches are molded with resin and
includes a vacuum container, disposed on the mold

15 section, that accommodates the switches, each of which
comprises the fixed electrode and a movable electrode
connectable to and disconnectable from the fixed
electrode.

[0011]

20 A vacuum switchgear according to another aspect of
the present invention has a mold section to which
earthing switches and conductors connected to fixed
electrodes of switches are molded with resin and
includes a vacuum container, disposed on the mold

25 section, that accommodates the switches, each of which



- 5 conprises the fixed electrode and a novabl e el ectrode connectable to
and di sconnectable fromthe fixed electrode. [0012] 5 A vacuum sw tchgear
according to still another aspect of the present invention has a nold
section to which earthing switches and conductors connected to fixed

el ectrodes of switches that function as a circuit breaker and | oad break
switches are nolded 10 with resin and inclsudes a vacuum cont ai ner, di sposed
on the nmold section, that accommpdates the circuit breaker and | oad break
swi tches, each of which conprises the fixed electrode and a novabl e

el ectrode connectable to and di sconnectable fromthe fixed 15 el ectrode.
[0015] A vacuum switchgear according to yet another aspect of the present
invention has a nold section to which earthing switches and conductors

ted t 20 f d electraod f that f it
br eaker and di SOBRIAIG rf? o St andid re e B feffies o
vacuum cont ai neso,, disngaed o td*ealrg% RSO ANl aecopdpt es the

circuit breaker |sconnec each o conprises the
fixed el ect rod%l%r&qr%dgqvabl e eI ect rode

[0012]

5 A vacuum switchgear according to still another
aspect of the present invention has a mold section to
which earthing switches and conductors connected to
fixed electrodes of switches that function as a
circuit breaker and load break switches are molded

10 with resin and includes a vacuum container, disposed
on the mold section, that accommodates the circuit
breaker and load break switches, each of which
comprises the fixed electrode and a movable electrode
connectable to and disconnectable from the fixed

15 electrode.

[0015]

A vacuum switchgear according to yet another
aspect of the present invention has a mold section to
which earthing switches and conductors connected to

20 fixed electrodes of switches that function as a
circuit breaker and disconnecting switches are molded
with resin and includes a vacuum container, disposed
on the mold section, that accommodates the circuit
breaker and disconnecting switches, each of which

25 comprises the fixed electrode and a movable electrode



- 6 connectable to and disconnectable fromthe fixed electrode. (Effects
of the Invention) [0021] 5 According to the present invention, the nold
resin nenber used as the main insulator between the main circuit and
ground can be | ocalized near the conductors connected to the fixed

el ectrodes, which significantly reduces the anmount of resin used. 10
Furthernore, the spacing between the mai_ngcircuit section in the vacuum
container and ground is isolated doubly by vacuum and the resin nenber or
air, increasing the insulation reliability. BRI EF DESCRI PTI ON OF THE
DRAWNGS 15 [0069] FIG 1 is a longitudinal front viewillustrating an
enbodi nent of the inventive vacuumsw tchgear. FIG 2 is a |ongitudinal
side view of the enbodi nent of the inventive vacuum sw tchgear shown in 20

FIG 1. FIG 3 s _a pl vi,ew _of. the enbodi t th i nventive vacuum
Swi t chgear sho? 1 c&ﬁglel.toFla@d ﬁﬂ‘lss?oé’ﬁ’e@te%?{lﬁ %frsoérhgtrpaef inrlél’éel cuit diagram
of aring nai%ﬂgygfo%%nfigured in the enbodi nent of the 25 inventive
vacuum swi t chgear

(Effects of the Invention)
[0021]

5 According to the present invention, the mold resin
member used as the main insulator between the main
circuit and ground can be localized near the
conductors connected to the fixed electrodes, which
significantly reduces the amount of resin used.

10 Furthermore, the spacing between the main circuit
section in the vacuum container and ground is isolated
doubly by vacuum and the resin member or air,
increasing the insulation reliability.

BRIEF DESCRIPTION OF THE DRAWINGS

15 [0069]

FIG. 1 is a longitudinal front view illustrating
an embodiment of the inventive vacuum switchgear.

FIG. 2 is a longitudinal side view of the
embodiment of the inventive vacuum switchgear shown in

20 FIG. 1.

FIG. 3 is a plan view of the embodiment of the
inventive vacuum switchgear shown in FIG. 1.

FIG. 4 is ah electric schematic circuit diagram of
a ring main unit configured in the embodiment of the

25 inventive vacuum switchgear.



-7 FIG 5is alongitudinal front view Illustrating another enbodi nent of
the inventive vacuumswi tchgear. FIG 6 is a side viewin which part of the
ot her enbodi nent of the inventive vacuum swi tchgear shown in 5 FIG 1 is
omtted. FIG 7 is an electric schematic circuit diagramof a cubicle-type
swi tching apparatus configured in the other enbodi nent of the inventive
vacuum switchgear. FIG 8 is a front view-of- an exenplary switching 10
apparatus having the other enbodi ment of the inventive vacuum sw tchgear
shown in FIG 5. FIG 9 is a cross-sectional view show ng section |X-1X of
the switching apparatus in FIG 8. FIG 10 is a longitudinal front view
illustrating 15 still another enbodi nent of the inventive vacuum

swi t chgear. DETAI LED DESCRI PTI ON OF THE | NVENTI ON (Best Mdde for Carrying

oul the Lruentl o FAOZ A THRHLOR b el ey SHALSOPERE B8 O,
T oo A SRR RIEL TR ] AR HLGPOSPLARTRLEL 1 0
the FIG. 6 is a side view in which part of the other
embodiment of the inventive vacuum switchgear shown in
5 FIG. 1 is omitted.
FIG. 7 is an electric schematic circuit diagram of
a cubicle-type switching apparatus configured in the
other embodiment of the inventive vacuum switchgear.
FIG. 8 is a front view of an exemplary switching

10 apparatus having the other embodiment of the inventive
vacuum switchgear shown in FIG. 5.

FIG. 9 is a cross-sectional view showing section
IX-IX of the switching apparatus in FIG. 8.
FIG. 10 is a longitudinal front view illustrating

15 still another embodiment of the inventive vacuum
switchgear.

DETAILED DESCRIPTION OF THE INVENTION
(Best Mode for Carrying out the Invention)
[0022]

20 Embodiments of a vacuum switchgear according to
the present invention will be described with reference
to the drawings.

FIGs. 1 to 4 illustrate an embodiment of a vacuum
switchgear according to the present invention. FIG. 1

25 is a longitudinal front view illustrating the



- 8 enbodinment of the inventive vacuumswi tchgear. FIG 2 is a

| ongi tudi nal side view of the enbodi ment of the inventive vacuum swi tchgear
shown in FIG 1. FIG 3 is a plan view of the enbodi nent of the inventive
vacuum 5 swi tchgear shown in FIG 1. FIG 4 is an electric schematic
circuit diagramof a ring main unit configured in the enbodi nent of the

i nventive vacuum swtchgear. [0023] 1Q fgirst, the ring main unit in FIG 4
generally conprises a vacuumswitch which is constituted a circuit breaker
(CB), two |load break switches (LBSs), earthing switches (ESs), and feeder
conductors (Fs) connected to each of the fixed electrodes of the 15 circuit
breaker (CB) and the two | oad break switches (LBSs). The feeder conductors
(Fs) and earthing smﬁtches (ESS) are nolded with resin. A vacuun1 cont ai ner

8 is placed on nc S the
circuit breakerh?%¥§EQ§§ lnv'&%& regﬂl Q%ﬁ% %ﬁiﬁk e outer

peri phery or Syl 309 ol %ol\f%g] DGO Gl nﬁwﬁnﬁ‘é}lpyo@ iul ating

nol d case 10 mnth resi enbo ment o I'nventi ve vacuum

switchgear 25 RN tGQRS Wddihas édiecé%@é‘é”r B it W lpree 3 s

a plan view of the embodiment of the inventive wvacuum
5 switchgear shown in FIG. 1. FIG. 4 is an electric
schematic circuit diagram of a ring main unit
configured in the embodiment of the inventive wvacuum
switchgear.
[0023]

10 First, the ring main unit in FIG. 4 generally
comprises a vacuum switch which is constituted a
circuit breaker (CB), two load break switches (LBSs),
earthing switches (ESs), and feeder conductors (Fs)
connected to each of the fixed electrodes of the

15 circuit breaker (CB) and the two load break switches
(LBSs). The feeder conductors (Fs) and earthing
switches (ESs) are molded with resin. A vacuum
container 8 is placed on the mold section 7. The
vacuum container 8 includes the circuit breaker (CB)

20 and the two load break switches (LBSs). The outer
periphery or surface of the vacuum container 8 is
covered by a insulating mold case 10 with resin.

[0024]
An embodiment of the inventive vacuum switchgear

25 that constitutes the above ring main unit will be



- 9 described in detail with reference to FIGs. 1 to 3. The vacuumsw tch
is constituted a circuit breaker (CB) 1, two | oad break switches (LBSs) 2,
feeder conductors (Fs) 3 connected to each of the fixed 5 el ectrodes 22 of
the circuit breaker (CB) 1 and the two |oad break switches (LBSs) 2, and
earthing swtches (ESs) 4 connected to the feeder conductors 3. Current
transforners 5 and voltage dividers 6 whigh. are being provided on the
feeder conductors 3, are 10 nolded with resin and constitute the nold
section 7, as shown in FIG. 1 and 2. The earthing switch 4 has a solid
insul ating tube 41 made of, for exanple, ceramc and kept under vacuum a
fixed electrode 42 fixed at the upper part of the solid insulating tube 41
and 15 connected to the feeder conductor 3, and a novable electrode 44

di sconnect abl y conne d to ¢ e f|x trode 42 he I part of the
' YRR 1 el i R Brd

solid insulati Ie e eé%rode 44  of

th t hi t
opgn?ﬁgr]/ c: ggi fl\ém m(;?:nanl sr%r%? %%Lgln%ﬁcg%s&% rodd & n%?lcvkn{grﬁbdr?%kefl ke.

The novabl e %%t)rg et% (1 hh%r%%ﬁé G chidd C(%B‘béf £OGH an
eart hing bus 4 25] vacuun1conta|ner e of stain ess or
anot her conductors (Fs) 3 connected to each of the fixed

5 electrodes 22 of the circuit breaker (CB) 1 and the

two load break switches (LBSs) 2, and earthing
switches (ESs) 4 connected to the feeder conductors 3.
Current transformers 5 and voltage dividers 6 which
are being provided on the feeder conductors 3, are

10 molded with resin and constitute the mold section 7,
as shown in FIGs. 1 and 2. The earthing switch 4 has a
solid insulating tube 41 made of, for example, ceramic
and kept under vacuum, a fixed electrode 42 fixed at
the upper part of the solid insulating tube 41 and

15 connected to the feeder conductor 3, and a movable
electrode 44 disconnectably connected to the fixed
electrode 42 at the lower part of the solid insulating
tube 41 through a bellows 43. The movable electrode 44
of the earthing switch 4 is made movable by an

20 earthing switch opening/closing mechanism 45 that
comprises a rod, a link, and the like. The movable
electrode 44 of the earthing switch 4 is connected to
an earthing bus 46.

[0025]

25 A vacuum container 8 made of stainless or another



- 10 material is fixed on the nold section 7 by bolts 9 show in FIG 3.
The outer periphery or surface of the vacuumcontainer 8 is nolded by the
insulating nold case 10 with a thernosetting nolding material 10a such 5 as
unsat urated pol yester resin. [0026] The circuit breaker 1 disposed in the
vacuum container 8 has an insulating tube 11, a fixed electrode 12, a
novabl e el ectrode 13, an insulating 10 roflg15 and an arc shield 16 di sposed
on the inner surface of the insulating tube 11; the fixed electrode 12 is
fixed in the insulating tube 11 and connected to the feeder conductor 3
brought into the vacuum contai ner 8; the novable electrode 13 is brought
into 15 the insulating tube 11 and can be connected to and di sconnected
fromthe fixed electrode 12; the insulating rod 15 is connected to the

bl I 3.th bel h l.ati d f h
i eui C br cakePateTdainas dad ZrciPEIMD Ith TEdhed Dreh At cbing
rechani sm 17 t AL, £OURr ies 3 r@ﬂe Bptblipepatntle bikg, Fhebsld s 14 has

a bag shape and has 1ess seal’ing Ions relrabitirty for

vacuum her et i Glatyund W3athingd Eh‘is' %%%e% THd %s%l%ltsﬁfbs%ld‘ the

vacuum
case 10 with a thermosetting molding material 10a such

5 as unsaturated polyester resin.

[0026]

The circuit breaker 1 disposed in the vacuum
container 8 has an insulating tube 11, a fixed
electrode 12, a movable electrode 13, an insulating

10 rod 15 and an arc shield 16 disposed on the inner
surface of the insulating tube 11; the fixed electrode
12 is fixed in the insulating tube 11 and connected to
the feeder conductor 3 brought into the wvacuum
container 8; the movable electrode 13 is brought into

15 the insulating tube 11 and can be connected to and
disconnected from the fixed electrode 12; the
insulating rod 15 is connected to the movable
electrode 13 through a bellows 14. The insulating rod
15 for the circuit breaker is connected to a circuit

20 breaker opening/closing mechanism 17 that comprises a
rod, a link, and the like. The bellows 14 has a bag
shape and has less sealing portions, increasing the
reliability for vacuum hermeticity.

[0027]

25 The load break switch 2 disposed in the wvacuum



- 11 container 8 has an insulating tube 21, a fixed electrode 22, a
novabl e el ectrode 23, an insulating rod 25 and an arc shield 26 di sposed on
the inner surface of the insulating tube 21; the fixed electrode 5 22 is
fixed in the insulating tube 21 and connected to the feeder conductor 3
brought into the vacuum container 8; the novable electrode 23 is brought
into the insulating tube 21 and can be-cppnected to and di sconnected from
the fixed electrode 22; the 10 insulating rod 25 is connected to the novabl e
el ectrode 23 through a bellows 24. [0028] As with the above bellows 14, the
bell ows 24 has a bag shape and has | ess sealing portions, increasing 15 the
reliability for vacuum herneticity. The insulating rod 25 for the |oad
break switch is connected to a |oad break smﬁtch openi ng/ cl osi ng nmechani sm

27 that d .t 29 bl
elect?odecggp;éie ﬁ&ngr gu%FSbF@a%%%uf gﬁﬁ'o %1ﬁ%€§ﬁ?g gFegtrgdes 23

for the | oad r%%‘%r%\@fe ?n atrﬂ)hl%r% &Io% t% a %éﬁadutqfd[;duct or

and that novablé el ectrode break SWi ot her

lr)mvabl e electrodg 33 %%df Qn ta% ls9ad 1y %k dgvgptorsté@ A q:rgal Sddit er connect ed
’ surface of the insulating tube 21; the fixed electrode
5 22 is fixed in the insulating tube 21 and connected to
the feeder conductor 3 brought into the wvacuum
container 8; the movable electrode 23 is brought into
the insulating tube 21 and can be connected to and
disconnected from the fixed electrode 22; the

10 insulating rod 25 is connected to the movable

electrode 23 through a bellows 24.
[0028]
As with the above bellows 14, the bellows 24 has a
bag shape and has less sealing portions, increasing

15 the reliability for vacuum hermeticity. The insulating
rod 25 for the load break switch is connected to a
load break switch opening/closing mechanism 27 that
comprises a rod, a link, and the like.

[0029]

20 The movable electrode 13 for the circuit breaker 1
and one of the movable electrodes 23 for the load
break switch 2 are interconnected by a flexible
conductor 28, and that movable electrode 23 for the

load break switch 2 and the other movable electrode 23

25 for the load break switch 2 are also interconnected by



- 12 another flexible conductor 28. The flexible conductor 28 is provided
with a flexible conductor shield 29. The flexible conductor 28 is fixed to
t he novable electrodes 13, 23 by screwi ng and brazing. Wen the 5 noving
el ectrode 13, 23 noves, the flexible conductor 28 generates a return force
inthe lateral direction in FIG 1, since the flexible conductor 28 is
fixed by screws to resist to the return fprce, so that work involved in
the brazing is sinplified. 10 [0030] Each feeder conductor 3 brought into
the vacuum container 8 is supported by the vacuum container 8 through a
solid insulator 30 made of, for exanple, ceramc. A side of each of the
feeder conductors 3 15 opposite to its fixed electrode is a cable connection
termnal 31. [0031] Next, the operation of an enbodi nent of the inventive

vacuum sw tchge It bre%k sjfrl n%ucr]c 20 Zt%et a|1.¥1 ftlg}u% ?’%I%uc% FI Gs. 1

to 3. In the citi Fe CIrCUI ‘br éaker ~0peni ng/ cl"osing
mechani sm 17 i I te f
overcurrent, s%%f?g{?%ﬁﬁ?gﬁﬁgpgﬁﬂg é%fﬁi (qu c?%ﬂ?%?g.t I's detected

on the 25 | oad Tﬂed%ll%)kl%l%et&ﬁ{dd&diew-lsﬂﬁm% &l %Jélﬂfe

electrodes 13, 23 by screwing and brazing. When the
5 moving electrode 13, 23 moves, the flexible conductor
28 generates a return force in the lateral direction
in FIG. 1, since the flexible conductor 28 is fixed by
screws to resist to the return force, so that work
involved in the brazing is simplified.
10 [0030]
Each feeder conductor 3 brought into the wvacuum
container 8 is supported by the vacuum container 8
through a solid insulator 30 made of, for example,
ceramic. A side of each of the feeder conductors 3
15 opposite to its fixed electrode is a cable connection
terminal 31.
[0031]
Next, the operation of an embodiment of the
inventive vacuum switchgear will be described in
20 detail with reference to FIGs. 1 to 3.
In the circuit breaker 1, the circuit breaker
opening/closing mechanism 17 is operated according to
a detection signal for an overcurrent, shortcircuit,
ground fault, or other failure that is detected on the

25 load side by a detecting means. The movable electrode



- 13 13 is then disconnected fromthe fixed electrode 12 to open the
connection circuit. [0032] Each of the |oad break switches 2 is operated by
5 the | oad break sw tch opening/closing mechani sm 27. The novabl e el ectrode
23 is then disconnected fromthe fixed electrode 22 to di sconnect the
connection circuit. This enbodi nent uses a phase separation construction.
For three phases, another unit 10 construgiion descri bed above nay be

provi ded. [0033] Since the vacuum container 8 is disposed on the nold
section 7, the vacuumcontainer is maintained in a floating voltage state,
increasing the insulation 15 performance of the vacuum container 8 with
respect to the ground. This reduces the probability of ground faults and
inproves reliability. [0034] |In parts at which vacuum sealing is not

necessary. | 2015141 3hn% LIS WAl SL AR 4IRS A N, 8

swagi ng or ceram ization an active brazing material is

el i mnated, whi e I the i4se Af-d pensi ve ceram ¢ and reduces the
manuf act uri ng g@%ﬁ.Qﬁ% £he ol seé@fbn " the feeder 25 conductors 3,

earthing switches 4@y ent

Each of the load break switches 2 is operated by
5 the load break switch opening/closing mechanism 27.
The movable electrode 23 is then disconnected from the
fixed electrode 22 to disconnect the connection
circuit. This embodiment uses a phase separation
construction. For three phases, another unit
10 construction described above may be provided.
[0033]
Since the vacuum container 8 is disposed on the
mold section 7, the vacuum container is maintained in
a floating voltage state, increasing the insulation
15 performance of the vacuum container 8 with respect to
the ground. This reduces the probability of ground
faults and improves reliability.
[0034]
In parts at which vacuum sealing is not necessary,
20 such as the insulating rod 15 in the vacuum container
8, swaging or ceramic metallization by use of an
active brazing material is eliminated, which enables
the use of inexpensive ceramic and reduces the
manufacturing cost. In the mold section 7, the feeder

25 conductors 3, earthing switches 4, current



- 14 transforners 5, and voltage dividers 6 are nolded, so the nold
section 7 is conpact as conpared with the entire vacuum sw tchgear, which
al so contributes to the reduction in the manufacturing cost. 5 [00351 The
earthing switches 4 are disposed In the nold section 7, which is outside

t he vacuum container 8, so the weight and capacity of the vacuum contai ner
8 can be reduced, which significantly regyces the size of 10 the vacuum
container 8 having the circuit breaker 1 and |oad break switches 2 and
greatly cuts down the cost. Even if a ground fault occurs in the earthing
switch 4, the ground fault current is automatically shut down w thin one
cycle by highly vacuumtight arc 15 suppressing performance, suppressing the
ground fault from spreading. [00361 According to t he above enbodi nent of

the present i Qventl égl?t he 5;/g(r:] nLHné/oc_’L”ct %tﬁ e({lv8id L%il IR tnlpgl S0 Ci rcw t

breaker 1 and I°0: es spose et i on 7, soO

the electric RS e'?rfoﬁi aﬁ ]{5% VAGUUM po | & ﬁ%la%i ‘f@é NGe VOl tage

that is apprOX|nate y equ o0 the grou y 1'ncreasing the

safety and 25 r4ldigly Lidoau &i& SR A NEs 3 QAR A u LW
the reduction in the manufacturing cost.
5 [0035]

The earthing switches 4 are disposed in the mold
section 7, which is outside the vacuum container 8, so
the weight and capacity of the vacuum container 8 can
be reduced, which significantly reduces the size of

10 the vacuum container 8 having the circuit breaker 1
and load break switches 2 and dgreatly cuts down the
cost. Even if a ground fault occurs in the earthing
switch 4, the ground fault current is automatically
shut down within one cycle by highly vacuum tight arc-

15 suppressing performance, suppressing the ground fault
from spreading.

[0036]

According to the above embodiment of the present
invention, the vacuum container 8 including the

20 circuit breaker 1 and load break switches 2 is
disposed on the mold section 7, so the electric
potential of the vacuum container 8 is a floating
voltage that is approximately equal to the ground
potential, thereby increasing the safety and

25 reliability of the vacuum container 8 against ground



- 15 faults. [0037] The earthing switches 4 disposed outside the vacuum
container 8, that is, in the nold section 7, so 5 the structures of the
circuit breaker 1, the load break switches 2 and the like in the vacuum
container 8 can be sinplified, and the vacuum contai ner can be nade
conpact. [0038] 10 In addition, the feeder conductors 3 are part of the
integrated nold section 7, so its noldingigost can be reduced and thereby
the entire manufacturing cost can also be reduced. [0039] 15 Although the
earthing switches 4 are disposed outside the vacuumcontainer 8 in the
above enbodinent, it is also possible to dispose themin the vacuum
container 8. Even in this case, the electric potential of the vacuum

contai ner 8 can be reduced nearly to the 20 ground potential as in the above
enbodi nment , an% tqﬁs safety and reliability of the vacuum contai ner 8

agai nst ground AU s can be increased. [0040] In the above enbodi nent, the
t her nosetti ng nolmﬂ3b3;§ mat eri al 10a provided on the outer periphery or

The earthing switches 4 disposed outside the
vacuum container 8, that is, in the mold section 7, so
5 the structures of the circuit breaker 1, the load
break switches 2 and the like in the vacuum container
8 can be simplified, and the vacuum container can be
made compact.
[0038]

10 In addition, the feeder conductors 3 are part of
the integrated mold section 7, so its molding cost can
be reduced and thereby the entire manufacturing cost
can also be reduced.

[0039]

15 Although the earthing switches 4 are disposed
outside the wvacuum container 8 in the above embodiment,
it is also possible to dispose them in the vacuum
container 8. Even in this case, the electric potential
of the vacuum container 8 can be reduced nearly to the

20 ground potential as in the above embodiment, and the
safety and reliability of the vacuum container 8
against ground faults can be increased.

[0040]
In the above embodiment, the thermosetting molding

25 material 10a provided on the outer periphery or



- 16 surface of the vacuum contai ner 8 such as unsaturated polyester resin
is further used to prevent ground faults. OMng to the use of the
thernosetting nolding material 10a, w thstanding the operation voltage for
a5 half cycle is sufficiently in the unlikely event of a discharge between
a conductor and the vacuumcontainer 8. It is also possible to coat
conductive paint to the inner surface of 1ghe thernosetting nol ding materi al
10a to prevent corona discharges generated due to 10 small gaps between the
vacuum cont ai ner 8 and thernosetting nolding material 10a. |Instead of using
the thernosetting nolding material 10a, a netallic cover may be provided
with a spacing fromthe vacuum container 8 that is just enough to w thstand
the 15 operation voltage. [0041] FIGs. 5to 7 illustrate another

enmbodi nrent of a _vacuum swi t.chgear according to the pnresent invention. FIG
o ongt t ud A AR B et e & "Gy RS Nnb VSR T
i nventive vacu i . Fl i i V7 j L C of the
ot her enbodi ng{rﬁﬁ%%éttc%gel%lsvle{tﬁve@/fa%%rmsdsévj\nee(% c%%&#%%m&%%il G 1lis

omtted FlG Zdd ) Cbiihld ¢os THRTREC ofCithlithlidctialy i e type
swi tching apparatus 25 configured in the other enbodi ment of the inventive
material 10a, withstanding the operation voltage for a
5 half cycle is sufficiently in the unlikely event of a
discharge between a conductor and the vacuum container
8. It is also possible to coat conductive paint to the
inner surface of the thermosetting molding material
10a to prevent corona discharges generated due to
10 small gaps between the vacuum container 8 and
thermosetting molding material 10a. Instead of using
the thermosetting molding material 10a, a metallic
cover may be provided with a spacing from the vacuum
container 8 that is just enough to withstand the
15 operation voltage.
[0041]
FIGs. 5 to 7 illustrate another embodiment of a
vacuum switchgear according to the present invention.
FIG. 5 is a longitudinal front view illustrating the
20 other embodiment of the inventive vacuum switchgear.
FIG. 6 is a side view in which part of the other
embodiment of the inventive vacuum switchgear shown in
FIG. 1 is omitted. FIG. 7 is an electric schematic
circuit diagram of a cubicle-type switching apparatus

25 configured in the other embodiment of the inventive



- 17 vacuum switchgear. The parts in these drawings are assigned the sane
reference nunerals as the identical or equivalent parts in FIGs. 1 to 4.
[0042] 5 First, the cubicle-type switching apparatus in FIG 7 generally
conprises a vacuumswitch which is constituted a circuit breaker (CB), a

di sconnecting switch (DS), an earthing switch (ES), a feeder conductor (F)
connected to a fixed electrode of the 10 ghrecuit breaker (CB), and a
branching bus (FI) connected to a fixed el ectrode of the disconnecting
swtch (DS). The feeder conductor (F), branching bus (Fl1), and earthing
switch (ES) are nolded with resin. A vacuum container 8 is placed on the
nol d section 7. 15 The vacuum contai ner 8 includes the circuit breaker (CB)
and the disconnecting switch (DS). The outer periphery or surface of the

vacuum cont ai ner_ 8._.i oV i i ld c 10 wi resin.
[ 0043] 20 The o‘feh%l%u@n%"gﬁ%{ei%alg%/ talﬁléa irbf#len il\?g 1J\ﬁ/ﬂ:jtecstj%urﬁdaks agvvﬁ]l}%%ngéeﬁer t hat

constitutes th i - | tchi escribed; il 1 be
described in dg?%%ﬁ%ﬁ?tﬁﬂé):?ée&r%enﬁé;f%%e%?g&% g%]dngégTHggf ég%g*r{f%%%ductor

(F) 3 connectedyt @ dberdiekt pfor sl £5tFpEe. 12 o6 4he circuit breaker (CB) 1,
t he

[0042]

5 First, the cubicle-type switching apparatus in FIG.
7 generally comprises a vacuum switch which is
constituted a circuit breaker (CB), a disconnecting
switch (DS), an earthing switch (ES), a feeder
conductor (F) connected to a fixed electrode of the

10 circuit breaker (CB), and a branching bus (F1)
connected to a fixed electrode of the disconnecting
switch (DS). The feeder conductor (F), branching bus
(F1), and earthing switch (ES) are molded with resin.
A vacuum container 8 is placed on the mold section 7.

15 The vacuum container 8 includes the circuit breaker
(CB) and the disconnecting switch (DS). The outer
periphery or surface of the vacuum container 8 is
covered by an insulating mold case 10 with resin.

[0043]

20 The other embodiment of the inventive vacuum
switchgear that constitutes the cubicle-type switching
apparatus described above will be described in detail
with reference to FIGs. 5 and 6.

The feeder conductor (F) 3 connected to the fixed

25 electrode 12 of the circuit breaker (CB) 1, the



- 18 branching bus (FI) 3A connected to the fixed electrode 22 of the

di sconnecting switch (DS) 2, the earthing switch (ES) 4 connected to the

f eeder conductor 3, and the voltage dividers 6 provided on the feeder 5
conductor 3 are nolded with resin and constitute a nold section 7, as shown
in FIG 5. The earthing switch 4 has a solid insulating tube 41 nade of,
for exanple, ceramc and kept under vacuygn_-a fixed electrode 42 fixed at
the lower part of the fixed 10 insulating tube 41 and connected to the
feeder conductor 3, and a novabl e el ectrode 44 di sconnectably connected to
the fixed electrode 42 at the upper part of the solid insulating tube 41
through a bellows 43. The novable el ectrode 44 of the earthing switch 4 is
15 made novabl e by an earthing switch opening/closing nechanism 45 that

i . L i.nk d i ke. Th bl | ect rode, 44 of . th
corp o232, okl 4B O, A, oD B SR 4,
tai 8 f i . . i j i th | d
contalner 3 ey ol Skl WSS o B S 4 Ry e L

Lg\r/]vte;i P\gtBBﬁs% [ s:cg%sg 0;1 f%&ﬁ&e@%ﬁe%r@% r??uogrﬁiuaé o) y%'CiL%\HsELI at or
30 made of, fofne voltage dividers 6 provided on the feeder
5 conductor 3 are molded with resin and constitute a
mold section 7, as shown in FIG. 5. The earthing
switch 4 has a solid insulating tube 41 made of, for
example, ceramic and kept under vacuum, a fixed
electrode 42 fixed at the lower part of the fixed

10 insulating tube 41 and connected to the feeder
conductor 3, and a movable electrode 44 disconnectably
connected to the fixed electrode 42 at the upper part
of the solid insulating tube 41 through a bellows 43.
The movable electrode 44 of the earthing switch 4 is

15 made movable by an earthing switch opening/closing
mechanism 45 that comprises a rod, a link, and the
like. The movable electrode 44 of the earthing switch
4 is connected to an earthing bus 46.

[0044]

20 A vacuum container 8 made of stainless or another
material is disposed on the mold section 7. The wvacuum
container 8 has a two-part structure that comprises a
lower part 8A and an upper part 8B. The lower part 8A
of the vacuum container 8 is disposed on the mold

25 section 7 through a solid insulator 30 made of, for



- 19 exanple, ceramc. The outer periphery or surface of the |lower part 8A
and upper part 8B of the vacuum container 8 are covered by an insulating
nold case 10 with resin that is fornmed integrally with the nold 5 section
7. [0045] After the conductor, bellows, contacts, and other constituting
parts are brazed in the | ower part 8A of the vacuum container 8, the upper
part 8B is fitted 10 onto the |lower part 84 and then the joint part is

brazed. Finally, the vacuum container is vacuum seal ed.

[ 0046] The circuit

breaker 1 disposed in the vacuum container 8 has a fixed el ectrode 12
connected to the 15 feeder conductor 3, a novable el ectrode 13 can be

connected to and di sconnected fromthe fi xed el ectrode

12, and an

insulating rod 15 connected to the novable electrode 13 through a bell ows
14. The insulating rod 15 is. con&§cted to a chéuit br eaker %pen&ng/closing

20 mechani sm 17 JfHe%ﬁﬁ%ﬂﬁ%'b ngPtFﬁaPeE&

FrdeS§Ta " Vo8&

& A5 nk, and

the like. Th | | 4 I I ti ,
| ncr eastng the CH IS (A T o PR ToGRAT 3 Tret T SCnRERL | ng sw tch

2 di sposed in‘d&%ﬁﬁ%ﬂéﬁ“S are covered by an insulating mold case 10

with resin that is formed integrally with the mold

5 section 7.

[0045]

After the conductor, bellows, contacts, and other

constituting parts are brazed in the lower part 8A of

the vacuum container 8, the upper part 8B is fitted

10 onto the lower part 8A and then the joint part is

brazed. Finally, the vacuum container is vacuum sealed.

[0046]

The circuit breaker 1 disposed in the wvacuum

container 8 has a fixed electrode 12 connected to the

15 feeder conductor 3, a movable electrode 13 can be

connected to and disconnected from the fixed electrode

12, and an insulating rod‘15 connected to the movable

electrode 13 through a bellows 14. The insulating rod

15 is connected to a circuit breaker opening/closing

20 mechanism 17 for the circuit breaker that comprises a

rod, a link, and the like. The bellows 14 has a bag

shape and has less sealing portions, increasing the

reliability for vacuum.

[0047]

25 The disconnecting switch 2 disposed in the vacuum



- 20 container 8 has a fixed electrode 22 connected to the branching bus
3A brought into the vacuum container 8, a novable el ectrode 23 connect abl e
to and di sconnectable fromthe fixed el ectrode 22, an 5 insulating rod 25
connected to the novable electrode 23 through a bellows 24, and an arc
shield 26 di sposed on the inner surface of the vacuum container 8. The
insulating rod 25 is connected to a | oad bpeak swtch opening/closing
mechani sm 27 for the disconnecting 10 switch that conprises a rod, a link,
and the like. As wth the above bellows 14, the bellows 24 has a bag shape
and has | ess sealing portions, increasing the reliability for vacuum
herneticity. [00481 15 The arc shield 26 has the sane el ectric potenti al
as the vacuum container 8. Therefore, the arc shield 26 prevents netallic

i cl | d f | d i i i 2 h
Fime of - curr oK TOhT (13 SaherT R 1 Freder 24  raneeahadobtFafeny
prevent s the wibst and, YOl 208 M8 Ngh 0 eethoEt DSE Ut £e gen T he

el ectrodes of t connecting sw and circul reaker are’both

turned off, thei Bid Oh &L+ 38L 1 34 Ve Sind a1 &B: Of angli sconnection of the
d

di sconnecting switch 2 1s 25 I ncreased.
disconnectable from the fixed electrode 22, an

5 insulating rod 25 connected to the movable electrode
23 through a bellows 24, and an arc shield 26 disposed
on the inner surface of the vacuum container 8. The
insulating rod 25 is connected to a load break switch
opening/closing mechanism 27 for the disconnecting

10 switch that comprises a rod, a link, and the like. As
with the above bellows 14, the bellows 24 has a bag
shape and has less sealing portions, increasing the
reliability for vacuum hermeticity.

[0048]

15 The arc shield 26 has the same electric potential
as the vacuum container 8. Therefore, the arc shield
26 prevents metallic particles released from the
electrode of the disconnecting switch 2 at the time of
current shutdown from adhering to the electrode and

20 thereby prevents the withstand voltage from being
reduced. Furthermore, when the electrodes of the
disconnecting switch 2 and circuit breaker 1 are both
turned off, the insulation reliability at the time of
disconnection of the disconnecting switch 2 is

25 increased.



- 21 [0049] The novable electrode 13 for the circuit breaker 1 and the
novabl e el ectrode 23 for the disconnecting switch 2 are interconnected by a
flexi ble conductor 28. 5 The flexible conductor 28 is fixed to the novable
el ectrodes 13, 23 by screwing and brazing. Wen the noving electrode 13, 23
noves, the flexible conductor 28 generates a return force in the |ateral
direction in FIG 1. Since the flexible gonductor 28 is fixed by 10 screws
to resist to the return force, so that work involved in the brazing is
simplified. [0050] A side of the feeder conductor 3 opposite to its fixed
el ectrode is a cable connection term nal brought 15 to the |l ower part of the
vacuum container 8. A side of the branching bus 3A opposite to its fixed

el ectrode is a bus connection term nal horizontally brought to the | ower
part of the vacuunlﬁgﬁighner 8. Bushings of these terminals are provided at
the |l ower part of t vacuum cont ai ner 8. [0051] Next, the operation of

S T hoCher B S U JLANEyaCLYS, | chOSBL AL Degdeagribed i1
circuit breakergng the movable electrode 23 for the disconnecting
switch 2 are interconnected by a flexible conductor 28.
5 The flexible conductor 28 is fixed to the movable
electrodes 13, 23 by screwing and brazing. When the
moving electrode 13, 23 moves, the flexible conductor
28 generates a return force in the lateral direction
in FIG. 1. Since the flexible conductor 28 is fixed by
10 screws to resist to the return force, so that work
involved in the brazing is simplified.
[0050]
A side of the feeder conductor 3 opposite to its
fixed electrode is a cable connection terminal brought
15 to the lower part of the vacuum container 8. A side of
the branching bus 3A opposite to its fixed electrode
is a bus connection terminal horizontally brought to
the lower part of the vacuum container 8. Bushings of
these terminals are provided at the lower part of the
20 vacuum container 8.
[0051]
Next, the operation of another embodiment of the
inventive vacuum switchgear will be described in

detail with reference to FIGs. 5 and 6.

25 In the circuit breaker 1, the circuit breaker



- 2 2 opening/closing mechanism 27 is operated according to a detection
signal for an overcurrent, shortcircuit, ground fault, or other failure
that is detected on the |oad side by a detecting neans. The novabl e
electrode 5 13 is then disconnected fromthe fixed electrode 12 to open the
connection circuit. [0052] The disconnecting switch 2 is operated by its
openi ng/ cl osi ng nechani sm 27, and di sconnegts the 10 novabl e el ectrode 23
fromthe fixed electrode 22 to disconnect the connection circuit. This
enbodi ment uses a phase separation construction. For three phases, another
unit construction described above may be provided. 15 [0053] Even if a
ground fault occurs in the earthing switch 4, the ground fault current is
automatically shut down within one cycle, suppressing the ground fault

from spreadi ng. 20 [0054] Since vacuum cont ai ner [ nstructed as two
parts, sealing %%ﬁP%%@ZE#%F%%%iTéc 3n %@z?zglfhgpfg?ﬁgd %8§§F§%n f£§he | ower

part 8A and uppgraPALly 85 0fi1ihE1 ¥REULD §98LBLPRENR, 2RokP8BRbuit,

ground fault, or other failure that is detected on the
load side by a detecting means. The movable electrode

5 13 is then disconnected from the fixed electrode 12 to
open the connection circuit.

[0052]

The disconnecting switch 2 is operated by its
opening/closing mechanism 27, and disconnects the

10 movable electrode 23 from the fixed electrode 22 to
disconnect the connection circuit. This embodiment
uses a phase separation construction. For three phases,
another unit construction described above may be
provided.

15 [0053]

Even if a ground fault occurs in the earthing
switch 4, the ground fault current is automatically
shut down within one cycle, suppressing the ground
fault from spreading.

20 [0054]

Since the vacuum container 8 is constructed as two
parts, sealing can be done easily by brazing the joint
portion of the lower part 8A and upper part 8B of the
vacuum container 8.

25 [0055]



- 23 According to the above enbodi nent of the present invention, the
vacuum container 8 including the <circuit breaker 1 and di sconnecting switch
2 is disposed on the nold section 7, so the electric 5 potential of the
vacuum container 8 is a floating voltage, thereby increasing the safety and
reliability of the vacuum container 8 against ground faults. [0056] The
earthing swwtch 4 is disposed outside thez30-vacuum container 8, that is, in
the nmold section 7, so the structures of the circuit breaker 1, the

di sconnecting switch 2, and the like in the vacuum container 8 can be
sinplified, and the vacuum container can be nade conpact. 15 [0057] Since
the main elenments of the nold section 7 are the feeder conductors 3 and the
branchi ng buses (Fls) 3A, the nolding cost can be reduced and thereby the

entire manufact uri ng.cosd, gan:al oge benS0uCHoa20A0058] ha bhesaReve

enbodi nent, the i nsar I'Ng case provi e out periphery or

surface of the ; yAGIREONAL Nt cfur Scaipesi 4 &r PE EYEOtu@L QYN Laul ts.  The
i nsul ati ng nDIJ'Case I's preset so that it can 2% mnt%stang an I ncrease In
el ectric potentiplcdf@tptdaker 1 and disconnecting switch 2 is
disposed on the mold section 7, so the electric
5 potential of the vacuum container 8 is a floating
voltage, thereby increasing the safety and reliability
of the vacuum container 8 against ground faults.

[0056]

The earthing switch 4 is disposed outside the

10 vacuum container 8, that is, in the mold section 7, so
the structures of the circuit breaker 1, the
disconnecting switch 2, and the like in the vacuum
container 8 can be simplified, and the wvacuum
container can be made compact.

15 [0057]

Since the main elements of the mold section 7 are
the feeder conductors 3'and the branching buses (Fls)
3A, the molding cost can be reduced and thereby the
entire manufacturing cost can also be reduced.

20 [0058]

In the above embodiment, the insulating mold case
10 provided on the outer periphery or surface of the
vacuum container 8 is used to prevent ground faults.

The insulating mold case is preset so that it can

25 withstand an increase in electric potential that is



- 24 caused by arc generation at the time of current shutdown by the
circuit breaker 1. Wien the outer surface of the insulating nold case 10 is
coated with paint having conductive material, so the electric 5 potenti al

of the surface of the insulating nold case 10 is fixed to the ground
potential, even if a person touches directly the insulating nold case 10,
the person can be kept safety. [0059] _194FLGs. 8 and 9 show an exenpl ary
switching apparatus having anot her enbodi ment of the vacuum sw tchgear
shown in FIGs. 5 and 6. FIG 8 is a front view of the switching apparatus,
and FIG 9 is a cross-sectional view showi ng section IX-IXin FIG 8. 15
The parts in these draw ngs are assigned the sane reference nunerals as the
identical parts in FIGs. 5 to 7. A protective relay device 80 is provided

above an opening/closing nmechanism 17 for the cjrcuit breaker and anot her
openi ng/ ol 051 nd-THRRMArT ME7 JRHCTDeLqT R i RO HET | Hy SWESHE 2. [ 0060]

Buses 3A extendin 4§§N1 r &gonzhpe. | d ectiPn =\ %gch rovided with
a bus-side buslﬁhﬁ'g ' 1Ill%’es S e %fef‘rgs '\'BB"é‘rél udl1ydi spl aced as
shown 25 in FI GureadndP @i { U LN GISth Pad NP8 28N Ghted with

paint having conductive material, so the electric

5 potential of the surface of the insulating mold case

10 is fixed to the ground potential, even if a person

touches directly the insulating mold case 10, the

person can be kept safety.

[0059]

10 FIGs. 8 and 9 show an exemplary switching
apparatus having another embodiment of the wvacuum
switchgear shown in FIGs. 5 and 6. FIG. 8 is a front
view of the switching apparatus, and FIG. 9 is a
cross-sectional view showing section IX-IX in FIG. 8.

15 The parts in these drawings are assigned the same
reference numerals as the identical parts in FIGs. 5
to 7. A protective relay device 80 is provided above
an opening/closing mechanism 17 for the circuit
breaker and another opening/closing mechanism 27 for

20 the disconnecting switch 2.

[0060]

Buses 3A extending downward from the mold section
7 are each provided with a bus-side bushing 3B. These
bus-side bushings 3B are mutually displaced as shown

25 in FIGs. 5 and 9 and interconnected by a horizontal



- 25 Dbus-side bushing 3C for each phase. [0061] Feeder conductors 3
extend horizontally fromthe nold section 7 as showmn in FIG. 5 and 8. A
T-shaped 5 cable head 3D is attached to each feeder conductor 3 as shown
in FIG 8, and a conductor 3E extends downward fromthe T-shaped cabl e head.
The conductor 3E is provided with a current transfornmer 81. [0062] 10
According to this enbodinent, as in the_abgve enbodinents, the electric
potential of the vacuum container 8 is a floating voltage, thereby
increasing the safety and reliability of the vacuum container 8 against
ground faults. The earthing switch 4 is 15 di sposed outside the vacuum
container 8, that is, in the nold section 7, so the structures of the
circuit breaker 1, the disconnecting switch 2, and the like in the vacuum

container 8 are sinpJjfied, and e_vacuu ont ai ner can be nade conpact.
Since the nain %;ggé% ER#QﬁHQFégnﬁﬁﬂ NS0 iéﬁ?%eare the feeder conductors 3

and the branching ﬁ@iﬁf (FI') 3A, the nolding cost can be reduced and
thereby the entire gcturing cost can also be reduced. [0063] 25 Since

the bus-side bUShinﬂée@QQ égﬁg§5E3£Qe3 extend horizontally from the

mold section 7 as shown in FIGs. 5 and 8. A T-shaped
5 cable head 3D is attached to each feeder conductor 3
as shown in FIG. 8, and a conductor 3E extends
downward from the T-shaped cable head. The conductor
3E is provided with a current transformer 81.
[0062]

10 According to this embodiment, as in the above
embodiments, the electric potential of the vacuum
container 8 is a floating voltage, thereby increasing
the safety and reliabijility of the vacuum container 8
against ground faults. The earthing switch 4 is

15 disposed outside the vacuum container 8, that is, in
the mold section 7, so the structures of the circuit
breaker 1, the disconnecting switch 2, and the like in
the vacuum container 8 are simplified, and the wvacuum
container can be made compact. Since the main elements

20 of the mold section 7 are the feeder conductors 3 and
the branching buses (F1) 3A, the molding cost can be
reduced and thereby the entire manufacturing cost can
also be reduced.

[0063]

25 Since the bus-side bushings and feeder-side



- 26 bushings are disposed at the bottomof the mold section 7, devices
for taking counterneasures against internal arc acconpanying short-circuits
may be disposed there, which sinplifies maintenance of these 5 devices.
[0064] Furthernore, in this enbodinent, a voltage nonitor to be connected
to the current transformer 81 can be provided on the feeder side, and an
interlock can also 10 be provided so as_ngg Lo permt the earthing switch 4
to be turned on when the voltage nonitor detects that a voltage is present.
| f a vacuum | eakage occurs in the circuit breaker 1 or disconnecting sw tch
2, for exanple, a voltage devel ops on the feeder side even 15 when the
circuit breaker 1 and disconnecting swwtch 2 are both shut off. If the

di sconnecting switch 2 is turned on in this state, a ground fault wll

RN R A R R L
current such as ectf.oor exa Iveic a S c;rr Ia]gjrgactcroolgﬁaté)r a(_%(Sil%I:esrm n(_(iatié: field
el ectrode, may TSR t’oraj e BT ectPode o & Ve t™ ng ST RN sl (0066]
internal arc accompanying short-circuits may be
disposed there, which simplifies maintenance of these
5 devices.
[0064]
Furthermore, in this embodiment, a voltage monitor
to be connected to the current transformer 81 can be
provided on the feeder side, and an interlock can also
10 be provided so as not to permit the earthing switch 4
to be turned on when the voltage monitor detects that
a voltage is present. If a vacuum leakage occurs in
the circuit breaker 1 or disconnecting switch 2, for
example, a voltage develops on the feeder side even
15 when the circuit breaker 1 and disconnecting switch 2
are both shut off. If the disconnecting switch 2 is
turned on in this state, a ground fault will occur.
The interlock suppresses such ground faults.
[0065]
20 In the embodiment described above, an electrode
which can shut off a short-circuit current such as,
for example, a spiral electrode or axial magnetic
field electrode, may be used to the electrode of the
earthing switch 4.

25 [0066]



- 27 FIG 10 is a longitudinal front view Illustrating another enbodi nent
of the inventive vacuum swi tchgear. The parts in this drawi ng are assigned
the sane reference nunerals as the identical or equivalent 5 parts in FIG
5. The vacuum switchgear has a plurality of circuit breakers 1 in the
vacuum contai ner 8. The electrodes 13 of the plurality of circuit breakers
| are operated concurrently to enable thgyuse of turned- on, turned-off,
and di sconnected positions. 10 [00671 In this enbodinent, as in the

enbodi nents descri bed above, the conductor 3 connected to the fixed

el ectrode 12 of the circuit breaker 1, the earthing switch 4 connected to
the conductor 3, and 15 the like are resin nolded to the nold section 7. A
vacuum container 8 is provided on the nold section 7. By this structure,

ner ey § nor basi ngt D 187 £8,2 aﬁér‘fﬁghléﬂflﬁi‘tt%a?tl ﬁéeva&ﬁi 38E8ea ner 6

agai nst ground faul.t e earthj S i the vacuum
container 8, that’ #her e£b % fhon #dg %ﬂ ln$?nklv he v%cuun1%§nﬁ Structure

o e CLrclnt BESeed SITCRE TRl 0 g ERUUMART 2 7 5
conductors 3, roference numerals as the identical or equlvalent
5 parts in FIG. 5. The vacuum switchgear has a plurality

of circuit breakers 1 in the vacuum container 8. The
electrodes 13 of the plurality of circuit breakers 1
are operated concurrently to enable the use of turned-
on, turned-off, and disconnected positions.

10 [0067]

In this embodiment, as in the embodiments
described above, the conductor 3 connected to the
fixed electrode 12 of the circuit breaker 1, the
earthing switch 4 connected to the conductor 3, and

15 the like are resin molded to the mold section 7. A
vacuum container 8 is provided on the mold section 7.
By this structure, the electric potential of the
vacuum container 8 is a floating voltage, thereby
increasing the safety and reliability of the vacuum

20 container 8 against ground faults. The earthing switch
4 is disposed outside the vacuum container 8, that is,
in the mold section 7, so the vacuum switch structure
of the circuit breaker 1 can be simplified, and the

vacuum container 8 can be made compact. Since the main

25 elements of the mold section 7 are the conductors 3,



- 2 8 the nolding cost can be reduced and thereby the entire manufacturing
cost can al so be reduced. [0068] In this enbodinent, the novabl e el ectrodes
13 of 5 the each circuit breakers 1 are operated concurrently. This
elimnates the need to use a flexible conductor as the conductor for
connecting the novabl e el ectrodes 13. A copper plate 28A is sufficient. In
addition, the conductors are derived at ggsmall pitch, 10 contributing to
maki ng the vacuum switch conpact. 29 WHAT IS CLAIMED IS 1. A vacuum

swi tchgear, conprising: a switch having a fixed el ectrode and a novabl e

el ectrode, the novabl e el ectrode being connectable to 5 and di sconnectabl e
fromthe fixed el ectrode; a conductor connected to the fixed el ectrode of
the switch; a nold section to which the conductor is nmolded wth resin; and
10 a vacuun1conta|ner hat acconnnd es t sposed_on t he
mol d section. 2the\ Tk s'f?x‘)??'&h‘@%% ??%%mn d tEW"?‘% i& i AT LCEi xed

el ectrode and a nnygble el ect rode the novabl e glec&rode bei ng connect abl e
to manufacturing cost ¢an also be reduced.

[0068]
In this embodiment, the movable electrodes 13 of
5 the each circuit breakers 1 are operated concurrently.
This eliminates the need to use a flexible conductor
as the conductor for connecting the movable electrodes
13. A copper plate 28A is sufficient. In addition,
the conductors are derived at a small pitch,

10 contributing to making the vacuum switch compact.



15 and di sconnectable fromthe fixed el ectrode; a conductor connected to the
fixed electrode of the swtch; a earthing switch; a nold section to which
the conductor and the 20 earthing switch are nolded with resin; and a
vacuum cont ai ner that accommodates the switch and is disposed on the nold
section. 3. A vacuum sw tchgear, conprising: swtches, each having a fixed
el ectrode and a 25 novable el ectrode, 1hgnovable el ectrode being - 30
connectabl e to and di sconnectable fromthe fixed electrode, one of the
switches functioning as a circuit breaker, the other functioning as a | oad
break switch; 5 conductors connected to the fixed el ectrodes of the
circuit breaker and the |oad break switch; earthing switches; a nold
section to which the conductors and the earthing switches are nolded with
resin; and 10 cyum i.ner, that acconmodates the circuit breaker and
t he | oad breakﬁgé&tgﬁ gigqhgbdi§posed on the nold section. 4. A vacuum

sw t chgear, conpri §i ngy Vgghhﬁhg%itggggaggvhg%p%igkégq el ectrode and a

a switch having a fixed electrode and a movable
electrode, the movable electrode being connectable to
5 and disconnectable from the fixed electrode:
a conductor connected to the fixed electrode of
the switch;
a mold section to which the conductor is molded
with resin; and
10 a vacuum container that accommodates the switch
and is disposed on the mold section.
2. A vacuum switchgear, comprising:
a switch having a fixed electrode and a movable
electrode, the movable electrode being connectable to
15 and disconnectable from the fixed electrode:
a conductor connected to the fixed electrode of
the switch;
a earthing switch;
a mold section to which the conductor and the
20 earthing switch are molded with resin; and
a vacuum container that accommodates the switch
and is disposed on the mold section.
3. A vacuum switchgear, comprising:
switches, each having a fixed electrode and a

25 movable electrode, the movable electrode being



15 novabl e el ectrode, the novabl e el ectrode being connectable to and

di sconnectable fromthe fixed electrode, one of the swtches functioning as
a circuit breaker, the other functioning as a | oad break swtch; 20
conductors connected to the fixed electrodes of the circuit breaker and the
| oad break switch; earthing switches; a nold section to which the
conductors and the earthing switches aresgolded side by side with resin;

25 and - 31 a vacuum container that accommobdates the circuit breaker and
the | oad break switch and is disposed on the nold section. 5. The vacuum
swi tchgear according to claim4, 5 wherein a resin nenber is provided on
the outer periphery of the vacuum container. 6. A vacuum sw tchgear,
conprising: swtches, each having a fixed electrode and a novable

el ectrode, the novabl e el ectrode being 10 connectable to and di sconnectabl e
fromthe fixed CAMKITREE e IRCRRICHRLS WFEeT oHrRIgE B¥ed circuit
breaker, the other functioning as a disconnecting swtch; conductors
connected to tHrEFRRAY 19 difestlyy switches functioning as a

circuit breaker, the other functioning as a load break
switch;
5 conductors connected to the fixed electrodes of
the circuit breaker and the load break switch:
earthing switches;
a mold section to which the conductors and the
earthing switches are molded with resin; and
10 a vacuum container that accommodates the circuit
breaker and the load break switch and is disposed on
the mold section.
4. A vacuum switchgear, comprising:
switches, each having a fixed electrode and a
15 movable electrode, the movable electrode being
connectable to and disconnectable from the fixed
electrode, one of the switches functioning as a
circuit breaker, the other functioning as a load break
switch;
20 conductors‘connected to the fixed electrodes of
the circuit breaker and the load break switch:
earthing switches:;
a mold section to which the conductors and the
earthing switches are molded side by side with resin;

25 and



15 the circuit breaker and the disconnecting switch; earthing switches; a
nol d section to which the conductors and the earthing switches are nol ded
with resin; and a vacuum contai ner that accommobdates the circuit 20 breaker
and the disconnecting switch and is disposed on the nold section. 7. A
vacuum swi t chgear, conprising: switches, each having a fixed electrode and a
movabl e el ectrode, the novabl e el ectrode Bgi ng 25 connectable to and

di sconnectable fromthe fixed - 32 electrode, one of the swtches
functioning as a circuit breaker, the other functioning as a disconnecting
swi tch; conductors connected to the fixed electrodes of 5 the circuit
breaker and the disconnecting switch; earthing swtches; a nold section to
whi ch the conductors and the earthing switches are nol ded side by side with
resin; and 10 a vacuum contai ner that accommobdates the circuit breaker and

t he dlsconnectlng s YRAUUAACPR AT 8pbs Rt oACERBTABRESS e PPORITEY1Fhe vacuum

im 'é(r:hgear aCCQbrea eJ'.E Oalg a{he loa(\{mg{'galﬂg gwiggﬁnalqgn?grdlspggogl ggd on the

the mold section.
5. The vacuum switchgear according to claim 4,
5 wherein a resin member is provided on the outer
periphery of the vacuum container.
6. A vacuum switchgear, comprising:
switches, each having a fixed electrode and a
movable electrode, the movable electrode being
10 connectable to and disconnectable from the fixed
electrode, one of the switches functioning as a
circuit breaker, the other functioning as a
disconnecting switch;
conductors connected to the fixed electrodes of
15 the circuit breaker and the disconnecting switch;
earthing switches;
a mold section to which the conductors and the
earthing switches are molded with resin; and
a vacuum container that accommodates the circuit
20 breaker and the disconnecting switch and is disposed
on the mold section.
7. A vacuum switchgear, comprising:
switches, each having a fixed electrode and a
movable electrode, the movable electrode being

25 connectable to and disconnectable from the fixed



15 periphery of the vacuum container. 9. The vacuum sw tchgear according to
claim7, wherein the vacuumcontainer is a netallic container that is
divided vertically into two parts, and a resin nenber integral with the
nol d section is provided on 20 the outer periphery of the netallic
container. 10. The vacuum swi tchgear according to claim5, 8, or 9, wherein
conductive paint is provided on the outerspecriphery of the resin nenber. 25
11. A vacuum swi tchgear, conprising: - 33 swtches, each having a fixed

el ectrode and a novable el ectrode, the novabl e el ectrode being connectable
to and disconnectable fromthe fixed electrode; 5 conductors connected to
the fixed el ectrodes of the switches; earthing swtches; a nold section to
whi ch the conductors alone or the conductors and the earthing switches are

nmolded 10 with resin;_and a vacuum confainer that acconmodates the switches
and are di sposet-FREIHE mAREe s%ﬁtﬂb%;s%%?%‘?% %‘ﬁn‘épe%‘ﬁ?% POtBntial of the

vacuum contal ng{réusita l;rlé)a t(-lzrn,g 19% e@%ﬁgrl 'fl}r?ctioning as a

disconnecting switch;
conductors connected to the fixed electrodes of
5 the circuit breaker and the disconnecting switch;
earthing switches;

a mold section to which_the conductors and the
earthing switches are molded side by side with resin;
and

10 a vacuum container that accommodates the circuit
breaker and the disconnecting switch and is disposed
on the mold section.

8. The vacuum switchgear according to claim 7,
wherein a resin member is provided on the outer

15 periphery of the vacuum container.

9. The vacuum switchgear according to claim 7,
wherein the vacuum container is a metallic container
that is divided vertically into two parts, and a resin
member integral with the mold section is provided on

20 the outer periphery of the metallic container.

10. The vacuum switchgear according to claim 5, 8,
or 9, wherein conductive paint is provided on the
outer periphery of the resin member.

25 11. A vacuum switchgear, comprising:
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switches, each having a fixed electrode and a
movable electrode, the movable electrode being
connectable to and disconnectable from the fixed
electrode;

conductors connected to the fixed electrodes of
the switches;

earthing switches;

a mold section to which the conductors alone or
the conductors and the earthing switches are molded
with resin; and

a vacuum container that accommodates the switches
and are disposed on the mold section;

wherein an electric potential of the vacuum

container is a floating potential.



