- 1- [TITLE OF THE I NVENTION] SWTCH UNIT AND SW TCHGEAR [ TECHNI CAL
FIELD] 5The present invention relates to a switch unit and

swi tchgear. [BACKGROUND ART] A power receiving facility has an

encl osed swi tchboard 10(call ed switchgear) that houses a circuit
breaker for interrupting a load current or fault current, a

di sconnector and an earth switch that assure safety for a worker
during mai ntenance of a |load, a detecterilfer detecting a system
voltage and current, and all or part of 15other devices such as a
protective relay. Switchgear is often installed in a limted space

and is thereoyrieqr metk tovysscigact . Since a switch unit including
swi tches such as breakers occupies a large volune in the sw tchgear

it is desirahled gvnmEkeNheswwdydrari t 20conpact when the size of
the switchgear is determ ned. A conventional switch is described in,

for exanple, Patent Literature 1. In FIG 2 of Patent Literature 1,
two contact portions are linearly provided in the vertical direction;

two novi ng [@UHATICATOdSI FME al so provided in the
5 The present invention relates to a switch unit and

switchgear.

[BACKGROUND ART]
A power receiving facility has an enclosed switchboard

10 (called switchgear) that houses a circuit breaker for

interrupting a load current or fault current, a

disconnector and an earth switch that assure safety for a

worker during maintenance of a locad, a detector for

detecting a system voltage and current, and all or part of
15 other devices such as a protective relay.

Switchgear is often installed in a limited space and is
thereby required to be compact. Since a switch unit
including switches such as breakers occupies a large volume
in the switchgear, it is desirable to make the switch unit

20 compact when the size of the switchgear is determined.

A conventional switch is described in, for example,
Patent Literature 1. In FIG. 2 of Patent Literature 1, two
contact portions are linearly provided in the wvertical
direction; two moving contact rods are also provided in the

25 vertical direction; and contact disks are provided between



25vertical direction; and contact disks are provided between -2 the
upper and | ower noving contact rods. [Cl TATI ON LI ST] [ Patent
Literature] S5Patent Literature 1. Patent Application Publication No.
2009- 508294 (Correspondi ng Publications: WR2007/031040A1 and

US2008/ 0245772A1) [ SUMMARY OF | NVENTI ON] 10[ Technical Problem In the
structure described in FIG 2 of Patent Literature 1, however, the
contact disks provided on the fixed contact piece are electrically
connected to each other, so buses and cables are decentralized and

t he high- 15voltage part becones large, making it difficult to reduce
the size ofcheheppirt ehdinidver howiiely Qorithict siddsation, an object of

the present invention is to provide a switch unit or sw tchgear that
can be nmade to be conpact. [Solution to Problem
[CITATION LIST]
[Patent Literature]
5 Patent Literature 1: Patent Application Publication No.
2009-5082%94 (Corresponding Publications: W02007/031040A1

and US2008/0245772A1)

[SUMMARY OF INVENTION]

10 [Technical Problem]

In the structure described in FIG. 2 of Patent
Literature 1, however, the contact disks provided on the
fixed contact piece are electrically connected to each
other, so buses and cables are decentralized and the high-

15 voltage part becomes large, making it difficult to reduce
the size of the switch unit. In view of this situation, an
object of the present invention is to provide a switch unit
or switchgear that can be made to be compact.

[Sclution to Problem]

20 To solve the above problem, the switch unit according
to the present invention has a plurality of linearly
arranged switches, in which a movable electrode in a switch
and a fixed electrode in another switch are electrically
connected to each other.

25 The switchgear according to the present invention has



20To sol ve the above problem the switch unit according to the
present invention has a plurality of linearly arranged switches, in
whi ch a novabl e electrode in a swtch and a fixed electrode in
another switch are electrically connected to each other. 25The
swi t chgear according to the present invention has -3 the above
switch unit, a bus connected to the switch unit, a cable connected to
the switch unit, and a cabinet in which at-|least part of these
conponents are accomodat ed. [ Advant ageous Effects of Invention] 5The
. present invention can provide a switch unit or switchgear that can be
made to bettenpéctve [BRIHGR DIESER RTHON CorbRANNGSo e slviiteha wiide
view that partially illustrates a 10cross section in an enbodi nent of
t he present icabdet icomndet@d 2d she rsedrtch emiitn tamel entbediinert iof the
present invention. FIG 3 is a cross sectional view of a nold
switch in wheécambadileestt phrithe fprréssst dompemteindrs iareFla@echmctEilc@. 4
is a side viewthat partially illustrates a
[Advantageous Effects of Invention]
5 The present invention can provide a switch unit or

switchgear that can be made to be compact.

[BRIEF DESCRIPTION OF DRAWINGS]
FIG. 1 is a side view that.partially illustrates a
10 cross section in an embodiment of the present invention.
FIG. 2 is a rear view in the embodiment of the present
invention.
FIG. 3 is a cross sectional view of a mold switch in
the embodiment of the present invention in FIG. 1.
15 FIG. 4 is a side view that partially illustrates a
cross section in another embodiment of the present

invention.

[DESCRIPTION COF EMBRODIMENTS]

20 Preferable embodiments in the present invention will be
described below with reference to the drawings. The
embodiments described below are just examples that embody
the present invention, and do not limit the present
invention to specific aspects of the following embodiments.

25 [First embodiment]



crbss section in another enbodi nent of the present invention.

[ DESCRI PTI ON OF EMBODI MENTS] 20Pr ef erabl e enbodi nents in the present

invention wll be described belowwth reference to the drawi ngs. The

enbodi ments descri bed bel ow are just exanples that enbody the present

invention, and do not limt the present invention to specific aspects

of the follow ng enbodi nents. 25[First enbodinent] - 4 - A

first enbodinment will be described wth reference to FIG. 1 to 3. As

shown in FIG 1, the switchgear 1 is substantially structured with a

mold switch 2 equivalent to a switch unit, 5a bus 80 through which

el ectric power Bsfiuppl eabbotiiorna paner beyskemribetheiknl deFeirkale? o

a cable 90 through which electric power is supplied fromthe nold

switch 2 toFaGsoatl, tomBi pulation units 5 and 6 that operate sw tches

inthe nmold switch 2, linkage units 51 and 61 that link the

10swi tches in nBbdshowhchn2FIG.t he thsi puliathgeaunilt SsSsabpgtbntandlsy

cabi net 21 that encl oses these conponents. Note that FIG 1 shows the

conponent s sntyctored phabea howevewitad shemuivelEds t% 4 h&witch unit,

conponents having the sane structure are arrayed for 3 phases while

changiing t he ines g®® Ohroheh which electric power is supplied from a
power system to the mold switch 2, a cable 90 through which
electric power is supplied from the mold switch 2 to a load,
manipulation units 5 and 6 that operate switches in the
mold switch 2, linkage units 51 and 61 that link the

10 switches in mold switch 2 to the manipulation units 5 and 6,
and a cabinet 21 that encloses these components. Note that
FIG. 1 shows the components only for 1 phase, however, as
shown in FIG. 2, the components having the same structure
are arrayed for 3 phases while changing the height of the
15 buses in the switchgear 1.

As shown in FIG. 3, the mold switch 2 is formed by
integrally meolding, with an epoxy resin 10, a vacuum
insulated switch 3 having a function of closing and
interrupting a current, an air insulated switch 4 that is

20 switchable among three positions, which are a closed
position, a disconnected position, and a grounded position,
a voltage detector 7 for measuring a voltage to be applied
to a leoad side, a bus connecting bushing 8 connected to the

bus 80, and a cable connecting bushing 9 connected to the

25 cable 90, through which a current is supplied to the locad.



15buses in the sw tchgear 1. As shown in FIG 3, the nold switch
2 is fornmed by integrally nolding, with an epoxy resin 10, a vacuum

i nsulated switch 3 having a function of closing and interrupting a
current, an air insulated switch 4 that is 20sw tchabl e anong three
positions, which are a closed position, a disconnected position, and
a grounded position, a voltage detector 7 for neasuring a voltage to
be applied to a | oad side, a bus connecti pg-bushing 8 connected to
the bus 80, and a cabl e connecting bushing 9 connected to the 25cabl e

90, through which a current is supplied to the load. - 5 - The
vacuum i nsulrafeed,spMdne i ik &l s itsid & eth W e hi o arfdd Neardoh 4
di sposed. Each conponent will be described in detail. The vacuum

i nsul at ed swirech ihdast v dssgiBLase 30 formed by nutually
Sconnecting a fixed-side ceramcs insulative tube 30b, a novabl e-side

cerani cs i nsul atiakeh tehepcient arflXash sddie- sk P! t e @l & The vacuum
novabl e-si de end pl ate; the vacuum case 30 includes a fixed-si de

el ectrode 3linsalameableridide Elea 048 cidin &ddx el AP MM e L22 v
connected to the 10fi xed-side el ectrode 31, a novabl e-si de conduct or

34 congect edon@eidie npvaldiesi-de @ eerptde 32 nandavarnusdi®y] 36
that protects the ceramcs insulative tubes 30a and 30b fromarcs

gener at ed whewathe-gliert redeswiase iepened iard elresexba, The mmnabla-& dag
conductor 34 extends outwardly 150f the vacuum case 30 t hrough a

met al bel | opda3k,antd & evedleedide ancepiladle bushi RGcoRduciser 333
for cable connection through a flexible conductor 11 to supply
el ectric powerliem a Hisegi-cddeo clketiroad Sidea Teramiahkiietsi de
el ectrode 32 is al so connected to an
electrode 32, a fixed-side conductor 22 connected to the
10 fixed-side electrode 31, a movable-side conductor 34
connected to the movable-side electrode 32, and an arc
shield 36 that protects the ceramics insulative tubes 30a
and 30b from arcs generated when the electrodes are opened
and closed. The movable-side conductor 34 extends outwardly
15 of the vacuum case 30 through a metal bellows. 35 and is
connected to a central bushing conductor 33 for cable
connection through a flexible conducﬁor 11 to supply
electric power from a bus side to the load side. The
movable-side electrode 32 is also connected to an
20 insulative manipulation rod 52, so a manipulation force
generated at the manipulation unit 5 is transmitted through
the linkage unit 51 to the insulative manipulation rod 52.
The air insulated switch 4, which is connected to a

central bushing conductor 23 for bus connection, includes a

25 fixed electrode 40 connected to the bus side through the



20i nsul ative mani pul ation rod 52, so a manipul ati on force generated
at the manipulation unit 5 is transmtted through the |inkage unit 51
to the insulative manipulation rod 52. The air insulated switch 4,
which is connected to a central bushing conductor 23 for bus
connection, includes a 25fi xed el ectrode 40 connected to the bus side
through the - 6 - central bushing conductor 23, a ground-side fixed
el ectrode 42 connected to ground, and an énternedi ate fixed el ectrode
41 di sposed at an internedi ate position between the fixed el ectrode
40 and the ground-side fixed electrode 42 in 5their axial direction,

whi ch functicensrad awgiidey fndudiall® el ealdiole AHaTd il electrode
electrically connected to the fixed-side conductor 22 in the vacuum

i nsul at ed swi2t clondeidiealighd & reaMEC b aeoAduehale Aht T dadt &M1icft rfde
the air insulated switch 4 is air-insulated. Al these fixed

10el ect r odeg lhaiapoleds ate amnieit sdimeiEbee dosidien Readen dhePTEedd
When the nmovabl e el ectrode 43 linearly noves anmong these fixed
el ectrodes iedecheoder 40nawdatréed swicuck-4ide Fdixeehevectamerg 42hen
three positions, which are the closed position, disconnected
positibn, amtedroanded Hipesitticon, whdehmEsnpedsnkl es Ehguiavalfice a
electrode 43 is linked to an air-insul ated mani pulating rod 62. The
ai r-insul at edvabiepelatitrgdeod 36 2nids igoriected chi 1yhe oifRicieldaticot he
unit 6 through a linking device 61. Accordingly, the air-insul ated
mani pul ati ngixed-62deaccheluctor 22 in the vacuum insulated switch 3
through a connection conductor 44. The interior of the air
insulated switch 4 is air-insulated. All these fixed
10 electrodes have the same inner diameter and are linearly
disposed. When the movable electrode 43 linearly moves
among these fixed electrodes in the zir insulated switch 4,
a switchover among the three positions, which are the
clesed position, disconnected position, and grounded
15 position, becomes possible. The movable electrode 43 is
linked to an air-insulated manipulating rod 62. The air-
insulated manipulating rod 62 is connected to the
manipulation unit 6 through a linking device 61.
Accordingly, the air-insulated manipulating rod 62 can be
20 operated by the manipulation unit 6. Since spring contacts
24 are provided at portions with which the fixed electrodes
come into cohtact, contacts are reliably formed due to
elastic forces without impeding the movement of the movable

electrode 43.

25 As described above, the vacuum insulated switch 3 is a



20o0perated by the manipulation unit 6. Since spring contacts 24 are
provi ded at portions with which the fixed el ectrodes cone into
contact, contacts are reliably forned due to elastic forces w thout

i npedi ng the novenent of the novable el ectrode 43. 25As descri bed
above, the vacuuminsulated switch 3 is a - 7 - switch disposed on
the load side, and the air insulated switch 4 is a switch di sposed on
t he bus side. El ectric connection betWween the vacuum i nsul at ed
switch 3 and the air insulated switch 4 will be described. The
S5internmediate fixed electrode 41 is always in contact with the

nmovabl e el eciriadd 48 spegal Presheoll ddie 1o, t iz ahd ke rmoval eited
el ectrode 43, so the internediate fi xed el ectrode 41 and novabl e

el ectrode 43wdltays Have tShd toanelipQPRRid an tHderd kg dat ernedi ate
fixed electrode 41 is electrically 10connected to the fixed-side

conduct or 22 i n HlketwaictWworirsdd iaire beMdarh the theouy al el el rogecch
43, which is always at the sane potential as the internediate fixed

el ectrode 43, ansl aheo adlredtrsiudalte cainett @d Wi 1t be dowd-iPede The
conductor 22 in the vacuuminsul ated switch 3. However, 15the
fixed-Si de comeuckdia22 Fidel xaedcelreclr ade 140 alwaiveh iar egptaeed with
close to each other, are insulated fromeach other due to solid .
i nsul ation phevindedblly thectpexly uasi ret@rdlkesbus eorneelsing husi ke
8 is fornmed by covering the 20circunference of the central bushing
conduct or 2Bofreblbuslectrode 43, so the intermediate fixed electrode
41 and movable electrode 43 always have the same potential.
Since the intermediate fixed electrode 41 is electrically
10 connected to the fixed-side conductor 22 in the wvacuum
insulated switch 3, the movable electrode 43, which is
always at the same potential as the intermediate fixed
electrode 41, is also electrically connected to the fixed-
side conductor 22 in the vacuum insulated switch 3. However,
15 the fixed-side conductor 22 and fixed electrode 40, which
are placed close to each other, are insulated from each
other due to solid insulation provided by the epoxy resin
10.
The bus connecting bushing 8 is formed by covering the
20 circumference of the central bushing conductor 23 for bus
connection with the epoxy resin 10, and the cable
connecting bushing 9 is formed by covering the
circumference of the central bushing conductor 33 for cable

connection with the epoxy resin 10. The voltage detector 7

25 for measuring the potential of the load side is provided in



connection with the epoxy resin 10, and the cabl e connecting bushing

9 is fornmed by covering the circunference of the central bushing
conductor 33 for cable connection with the epoxy resin 10. The

vol tage detector 7 25for measuring the potential of the load side is
provided in - 8 - the cable connecting bushing 9 in such a way that
the voltage detector 7 is electrically connected to the central
bushi ng conductor 33 for cable connectiongthat passes through the
interior of the cable connecting bushing 9. 5 These two types of
bushings are di sposed on the sane plane at the sanme side. The cable
connecting hughidagh12 idornergend MsHiRR BUS rceprectd G Pushing
FIG 2 is arear viewof the two-panel switchgear 1 structured by

pl aci ng twovearelse sicdedibrsides tél%cmﬁc&qgm%tdé&ew% % &entral
di sposed on each panel are nutually connected with the bus 80.

Al t hough, i Bulshiisigemedivetidl, 3BAaHbC R OQdrnhcdawh tNaaugh Jdes

rel evant cabl e connecting bushing 9 dowmwardly on the draw ng sheet

to supply ekeebuigh powerntertibe Wi tthisedme daaneadnd hRiskigrple 90
can al so be drawn upwardly on the drawi ng sheet by nmeking the cable
connecti ng bhebengwd ltepger ofth@ushiegeus reornegioskad s hRg sBme plane
The vacuuminsul ated swtch 3 is operated by the el ectromagnetically
oper at ed naakpthat sameusiiied, Whécbable 20nActtisly PRShPHLabi 98 UBhber

t hrough the linkage unit 51. A switchover anong the three positions
in the threehpasicheobuai tohhngutdhed bswhtiely 4.is carried out by the
not or-driven mani pulation unit, which is a second mani pul ati on unit
6, through the [FiIgkage isniat r&hr tHew hrfee hRosivd-@Rsidleisig kel osed
position for supplying electric power, a
structured by placing two panels side by side; the bus
10 connecting bushings 8 disposed on each panel are mutually
connected with the bus 80. Although, in this embodiment,
each cable 90 is drawn through the relevant cable
connecting bushing ¢ downwardly on the drawing sheet to
supply electric power to the unit used as the load, the
15 cable 90 can also be drawn upwardly on the drawing sheet by
making the cable connecting bushing 9 longer than the bus
connecting bushing 8.
The vacuum insulated switch 3 is operated by the
electromagnetically operated manipulation unit 5, which is
20 a first manipulation unit, through the linkage unit 51. A
switchover among the three positions in the three-position
air insulated switch 4 is carried out by the motor-driven
manipulation unit, which is a second manipulation unit 6,

through the linkage unit 61, the three positions being a

25 closed position for supplying electric power, a



- 9 - disconnected position for protecting a nmaintenance worker from
a surge voltage due to, for exanple, lightning and assuring safety
for the worker, and a ground preparation position for grounding.
5Al t hough the first manipulation unit 5 is electromagnetically
operated and the second mani pulation unit 6 is driven by a notor, it
is also possible to operate these mani pulation units by other
operating systens, for exanple, the notargcharged spring stored
energy system 10The closing, interrupting, disconnecting, and
groundi ng operations of the nold switch 2 will be described. The

state in Fl G; sbdmhdtd PP St @fo{gatféﬁééétjfr{gog el gl tst:}ffslger

to an interrupting state, the manipulation unit i's mani pul at e

that the 15igsyy at is\(ﬁrézf@mcﬁl’gag%é. t%ﬁleé l%:i;r{52fd§ é%\f&ﬁl@, Tﬂgﬁntg{vﬂar& &nd

fixed-side electrode 31 throu kage unit "51. € e- sl de

el ectrode 32 disnosed AledhefNd S Jdi&dNSURY iy mﬂidog{lgétﬂeaéy%ﬂ%

52 so as to face the fixed-side electrode 31 Is tHen sep rom

the fixed- sifde 20 HJ0QR-o3hdiGRUSI NG the interrupting operation in
the vacuum insul ated switch 3. A"disconnecting operation is carried

iogt next. A shifd diam he&l oS Ng eddtss tp e gisconngeting state
electromagnetically operated and the second manipulation
unit 6 is driven by a motor, it is also possible to operate
these manipulation units by other operating systems, for
example, the motor charged spring stored energy system.
10 The closing, interrupting, disconnecting, and grounding
operations of the mold switch 2 will be described.
The state in FIG. 1 is a closing state.
To shift from the closing state to an interrupting
state, the manipulation unit 5 is manipulated so that the
15 insulative manipulation rod 52 is moved away from the
fixed-side electrode 31 through the linkage unit 51. The
movable-side electrode 32 disposed at the end of the
insulative manipulation rod 52 so as to face the fixed-side
electrode 31 is then separated from the fixed-side |
20 electrode 31, causing the interrupting operation in the
vacuum insulated switch 3.
A disconnecting operation is carried out next. A shift
from the closing state to the disconnecting state is

carried out after the interrupting operation has been

25 completed. In this case, the manipulation unit 6 is



carried out after the interrupting operation has been 25conpleted. In
this case, the manipulation unit 6 is - 10 - mani pul ated so that the
air-insulated manipulating rod 62 in the air insulated switch 4 is
noved away fromthe fixed el ectrode 40 through the |inkage unit 61.
An inter-electrode distance between the novabl e el ectrode 43 and the
5fi xed el ectrode 40 and another inter-el ectrode distance between the
spring contact 24 attached to the novabli® el ectrode 43 and the fixed
el ectrode 40 are then prolonged, shifting to the di sconnecting state,
in which the spring contact 24 is noved to a position at which the
spring l0comdrigul2ddd gwitHdagek il somactatd Madigngraound st 62
fixed electrode 42 or the fixed electrode 40. The switch unit in this
enbodi ment irasciee doublimdilscenentitgh st rikctmoveed nwdy cirdnectsd at ked
bet ween the el ectrodes in the vacuuminsulated switch 3 is the
i nterrupti rdesttatcricartd trerclhti reHenslilradete anipuiat i g nedes2 is
pl aced in the disconnecting state. The inter-el ectrode distances
bet ween t helmnatlde eliattarede 3 wanch tthe frovetbled edidadedd Mdind the
bet ween the spring contact 24 attached to the novabl e el ectrode 43
and t bBe fi xdckesl edicaadedd) 4dr et efrertaary i2(congaredthanld i stance
inter-el ectrode distance in the vacuuminsulated switch 3 at the
i nterrupti hgtpest ithe sprinat coramdtl 24 et tedrm &o the vactbhe
insulated swtch 3 causes a vacuum |l eak, the reliability of the
di sconnect igigcitratide 4SS roid towe rfdcke 2 Elke tdicgizo de Girend hetratperd 1o ridweth)
shifted to a groundi ng

shifting to the disconnecting state, in which the spring

contact 24 is moved to a position at which the spring

10 contact 24 is not placed in contact with the ground-side
fixed electrode 42 or the fixed electrode 40. The switch
unit in this embodiment has a double disconnection
struc&ure in which the state between the electrodes in the
vacuum insulated switch 3 is the interrupting state and the

15 air-insulated manipulating rod 62 is placed in the
disconnecting state. The inter-electrode distances between
the movable electrode 43 and the fixed electrode 40 and
between the spring contact 24 attached to the movable
electrode 43 and the fixed electrode 40 are preferably

20 longer than the inter-electrode distance in the wvacuum
insulated switch 3 at the interrupting position so that
even 1f, for example, the vacuum insulated switch 3 causes
a vacuum leak, the reliability of the disconnecting state
is not lowered.

25 The disconnecting state is then shifted to a grounding



state. In the shift to the grounding state, the manipulation unit 6
is first mani pul ated after the above di sconnecting operation has been
conpleted so that the air-insulated manipulating rod 62 in the air
insulated switch 4 5is further noved away fromthe fixed el ectrode 40
through the linkage unit 61 until the spring contact 24 on the sane
side as the air-insulated mani pulating rod 62 cones into contact with
t he ground-side fixed el ectrode 42. Aecatdingly, the ground-side
fixed electrode 42 is 10electrically connected to the spring contact
24, novabl e el ectrode 43, internediate fixed el ectrode 41, connection
conductor 44atki xeth sixle sioneuctOrtre, gemghdingdssaee, etiggtrode 31 in
that order, causing these conponents to have the ground potential.
That is, thenipteatebacthedesldpofentiahahiphiietyacugieirnsybabpdve
switch 3 is a difference between the ground potential applied to the
fixed-si dedekeshnedeind apdrhbechondssbdenpebepleakdappl trdtt ehkhgir-
novabl e-si de el ectrode 32, so the |load side is not grounded at that
time. 20Thensabapstahbobpubatibhgi sogwBRpihatRd hRrt hhsushate seitbat 4
the insul ative mani pulation rod 52 is noved toward the fixed-side
el ecty ode 83 tfhrohgh kbeelli akagerfuont thd @nkel &hectpwabl eostHeough
el ectrode 32 di sposed at the end of the insulative manipul ation rod
52 facing the Iixedgsi deiR5elechtblietBé gppEsgi bbntaodt 2¢t omi thet Beme
fixed-side - 12 - electrode 31. Accordingly, the fixed-side
el ectrode Sidansdsnoabhérsideutbeetirmdeipgidlatenel ectir 62atbyegonnest ed
to each other and thereby the |oad side is grounded,

contact with the ground-side fixed electrode 42.

Accordingly, the ground-side fixed electrode 42 is

10 electrically connected to the spring contact 24, movable
electrode 43, intermediate fixed electrode 41, connection
conductor 44, fixed-side conductor 22, and fixed;sidé
electrode 31 in that order, causing these components to
have the ground potential. That is, the inter-electrode

15 potential in the vacuum insulated switch 3 is a difference
between the ground potential applied to the fixed-side
electrode 31 and the load-side potential applied to the
movable-side electrode 32, so the load side is not grounded
at that time.

20 The manipulation unit 5 is manipulated in this state so
that the insulative manipulation rod 52 is moved toward the
fixed-side electrode 31 through the linkage unit 51 until
the movable-side electrode 32 disposed at the end of the
insulative manipulation rod 32 facing the fixed-side

25 electrode 31 comes into contact with the fixed-side



conpl eting the groundi ng operation. 5The operations fromthe cl osing
state to the grounding state do not always need to be perforned. To
shift fromthe closing state to the interrupting state or to the

di sconnecting state, for exanple, it suffices to stop at the tine
when the interrupting state or disconnecting state 10is entered. In
addition, to shift fromthe grounding state to the closing state

t hrough the disconnecting state and Fntierrupting state (including
partial shifts such as a shift fromthe disconnecting state to the
closing state, besides the conplete shift fromthe grounding state to

t he 15cl oskngcstatie) 31t heaabOVEi RGDELOLNE AMBYedesigYEeES88trode 31 Nand
this enbodi nent, since the vacuuminsulated switch 3 and air

insul ated swiwbphedsate sleuetured3soat-Baklacheyabheyekeaheedad Roone
switch and a fixed electrode in the other switch are electrically

connect ed eacraebhethend therbby 20andosabkedewhischrbavaea,hi gh
vol tage, are centralized rather than being distributed to the ends of

the nol d swbipbe?ingnahki ggotiheingl dpswhtebn?2 to be nmade to be
conpact. Since the switches are centralized in the axial direction,
it issof coursehpospibheibasmikent heeneldsswgt eka2s2 taubskagtbahky ng
conpact in directions other than the axial - 13 - direction.
Furt her noretasénde hbe abkdyswhiel 2oobeupeesSoambdl geTy odhHE: | firdhethe
entire switchgear, the entire switchgear can also be nade to be
conpact. loladingi shate thetkbethteealiptbhngestata bet weenpha
disconnecting state, for example, it suffices to stop at
the time when the interrupting state or disconnecting state
10 is entered. In addition, to shift from the grounding state
to the closing state through the disconnecting state and
interrupting state {(including partial shifts such as a
shift from the disconnecting state to the closing state,
besides the complete shift from the grounding state to the
15 closing state), the above procedure may be reversed.

In this embodiment, since the vacuum insulated switch 3
and air insulated switch 4 are structured so that a movable
electrode in one switch and a fixed electrode in the other
switch are electrically connected to each other, the bus

20 and cable, which have a high voltage, are centralized
rather than being distributed to the ends of the mold
switch 2, enabling the mold switch 2 to be made to be
compact. Since the switches are centralized in the axial

direction, it is of course possible to make the mold switch

25 2 substantially compact in directions other than the axial



5novabl e el ectrode in one switch and a fixed electrode in the other
switch, a fixed electrode in the one switch and the fixed el ectrode
in the other switch are isolated fromeach other. Therefore, even in
a case in which the novable electrode in the one switch and the fixed
el ectrode in the 10other switch are electrically connected to each
other, a dielectric breakdown can be prevented. In a specific aspect
of insulation in this enbodinent, the-efdxy resin 10 is used for
solid insulation. Since resin nolds such as the epoxy resin 10 are

hi ghly insulative and the insul ation 15di stance can thereby be

short ened, dilrectwonsw Foheseeaorbe binuvghthéel @sedt oweaeh ot Berupiethg
axial direction. In an aspect in which a plurality of swtches that
tend to betatgel apdemen inhehaxical idier estiitehgane, pkaeednita rfche axi al
direction, therefore, this enbodi nent can prevent the 20entire

sw t chgear stritnhbheaancag basgebandade thuscadwvapbageous. In this
enbodi nent, four circuit conditions for closing (current supply),
interrupting ($Shutadiolin)onditecamreetlicagrical condadtglodUhHtIG R &
created according to the conbi nati on of 25the vacuuminsul ated switch
3 and5t hr emopabilei eheaitrode 14 onei Bailahednswat chixéd Beetargaacenf or
closing, interrupting, and grounding is centrally achieved by the
vacuum i nsthat ethswi sehtdh, andfpecBoriantectier ianehgi paki eriant and
isolation is achieved by the two switches, vacuuminsulated switch 3
and the fixed electrode in the other switch are isolated from

each other. Therefore, even in a case in which the movable
electrode in the one switch and the fixed electrode in the

10 other switch are electrically connected to each other, a
dielectric breakdown can be prevented. In a specific aspect
of insulation in this embodiment, the epoxy resin 10 is
used for solid insulation. Since resin molds such as the
epoxy resin 10 are highly insulative and the insulation

15 distance can thereby be shortened, the two switches can be
brought close to each other in the axial direction. In an
aspect in which a plurality of switches that tend to become
large in the axial direction are placed in the axial
direction, therefore, this embodiment can prevent the

20 entire switchgear from becoming large and is thus
advantageous.

In this embodiment, four circuit conditions for closing

(current supply), interrupting (shutdown), disconnecting,
and grounding are created according to the combination of

25 the vacuum insulated switch 3 and three-position air



S5three-position air insulated switch 4, sinplifying the structure,
providing insulation at a plurality of stages, and assuring safety
and reliability. Even if a two-position air insulated swwtch is used
instead of the three-position air insulated switch 4, insulation to
ground at the 10di sconnected position is provided at only one stage
but the sane advantage as with the three-position air insulated
switch 4 can be obtai ned. Since, -i n4thi s enbodinent, a plurality
of switches is axially placed, the nold switch 2 can be fornmed in a
15 substantially cylindrical shape (the bushings connected to the bus

80 and cablifsf0asee exchkuded). MbefoihenduratiEYo®ingW {60ESr@FLing,
pl aced in the switchgear 1, therefore, the size of the switchgear 1

can be redupadgirauddiagt ienseatharlyhasniBeeaxibgl tder egti0n ohstihgted
nmold swtch 2, making the 20swi tchgear 1 conpact and lightweight. In

addi tion, shetshrBetuna perrbemantd swirt ehe?ghitselbbni snHotabianabhyis
symmetrical, enabling productivity to be inproved. Conduct ors

are pl acedapniatkel byorhéotwexawptehethevyagunm hBsuhat@dsamEB33and
When a current is passed in the 25conductors in the sane direction as

in the vacthreeAsobatedn aiiSinsalated swotchnatheimpversengdi tgetion,
an el ectromagnetic force is generated between the vacuum i nsul at ed
switch 3 astirtbeueendpetoiding iheusatibanadi seplipal Otyr 8puL8LEAS,
direction. To interrupt the current passing through the 5vacuum
i nsul at ed swilt @hsBriagnedfietyi sndsedl bybibieh. arBsergeneratiteh -hed yeeion
the electrodes at the tinme of interrupting the current are
ext i ngui shedr bingeheteadi sigiachei si catdnbgeetad 6f et e behneerpbhetion
el ectrodes. Another interrupting method is to nove the arcs on the
10ci r cunf exencesswofateéed skecthoflesissulhbiohhecagesumatieat the
10 disconnected position is provided at only one stage but the
same advantage as with the three-position air insulated
switch 4 can be obtained.
Since, in this embodiment, a plurality of switches is
axially placed, the mold switch 2 can be formed in a
15 substantially cylindrical shape (the bushings connected to
the bus 80 and cable 90 are excluded). When the plurality
of switches are placed in the switchgear 1, therefore, the
size of the switchgear 1 can be reduced in directions other
than the axial direction of the mold switch 2, making the
20 switchgear 1 compact and lightweight. In addition, the
structure of the mold switch 2 itself is rotationally
symmetrical, enabling productivity to be improwved.
Conductors are placed parallel to, for example, the

vacuum insulated switch 3. When a current is passed in the

25 conductors in the same direction as in the wvacuum insulated



di stributed and extingui shed. Since the el ectronmagnetic force
-gener at ed between the vacuuminsul ated switch 3 and the conductors is
hori zontal |y exerted on the arcs, however, the magnetic field between
the el ectrodes may be changed 15and the interrupting perfornmance nmay
be | owered. When conductors are placed parallel to a vacuumi nsul at ed
switch, the conventional practice is to | eave a distance therebetween
so that the magnetic field between the alseetrodes is not affected
when the current is interrupted. 20In this enbodi ment, however

i nsul ation of the vacuuminsulated swtch 3 and insulation of the air

i nsul at ed swiittelh 4 are inndeperdaertrseard radtdlons 0kindle 1&l-@¢loharmenrgld C
force is not exerted on arcs generated when a current is interrupted

by the vacdomciensyl afeed rewetic be3wetherely vahmpl Qvishd afeld akiilichy 3 -
16 - Since a plurality of switches to be integrally nolded are
coaxi al | y phacetle thedutsolrat ian thkr sticttienolitiee tplow aki tepdflsion
swi tches becones sinple, so the spacing between the plurality of
swi t ches i slimettiipar.eaTedibtennesesshaei tyrrenabpisgi hethhbelnesse of
the epoxy resin to be reduced. As a result, heat can be efficiently
di ssi pat edvandutnhé namiantdobwieshn 3t oabeetibed danubedr eguatdchSaree
the cabl e connecting bushing 9 and the bus connecting bushing 8 are
pl aced on theesaimedpbahtecandthr &0thérsdse sicdehewatikeopé€rati ons can
be perforned for the swtchgear 1 in one direction, inproving
wor kabi | i t yntlerkngtingt ahkatiioneandamai akehancéshed b$i geaerheiagbke
connecting bushing 9 is |longer than the bus connecting bushing 8, it
i s possi bl eerbithéxmbbpentet field between the electrodes. Another
interrupting method is to move the arcs on the
10 circumferences of the electrodes so that the arcs are
distributed and extinguished. Since the electromagnetic
force generated between the vacuum insulated switch 3 and
the conductors is horizontally exerted on the arcs, however,
the magnetic field between the electrodes may be changed
15 and the interrupting performance may be lowered. When
conductors are placed parallel to a vacuum insulated switch,
the conventional practice is to leave a distance
therebetween so that the magnetic field between the
electrodes is not affected when the current is interrupted.
20 In this embodiment, however, insulation of the wvacuum
insulated switch 3 and insulation of the air insulated
switch 4 are independent, and a horizontal electromagnetic
force is not exerted on arcs generated when a current is

interrupted by the vacuum insulated switch 3, thereby

25 improving reliability.



15various specifications according to the installation environnent of
t he user, such as a direction in which the cable 90 connected to the
| oad are drawn and a two-stage structure of the buses 80. As
descri bed above, FIG 2 illustrates a rear view of 20the sw tchgear
structured by placing two panels side by side; the bus connecting
bushi ngs 8 di sposed on each panel of the two-panel sw tchgear are
mut ual Iy connected with the bus 80, as ak exanple; each cable 90 is
drawn through the rel evant cable connecting bushing 9 downwardly on
t he 25drawi ng sheet to supply electric power to the unit used as -
17 - the | oad. SHoweyver plhivelcialyl eOGwdarhalss adéedriawe graiddims lekd
the draw ng sheet by making the cabl e connecting bushing 9 | onger
t han t he basecovaedtiliy puskieng 8heAlinbaldghivhe shusctareeoti nye
bushing 8 may of course be 5l onger than the cabl e connecting bushing
9, it is apvambddgtgusft swiitebky Werembhesdmples to haecepaedhed to
the load to neet user requirenents according to the installation
envi ronnmenbebfiethetbsepluseliihg ofbkeitohasctisngolushicmga9eds nade to
be | onger than the bus 10connecting bushing 8 to prevent the bus from
interderi ngnuethssheidghl enabflinetbaebktbicknasst bfigtheskpngy9raadnt he
bus connecting bushing 8 are rotatably connected by, for exanple,
usi ng a T-bhapeducable heaal, result edtean ¢an vite cdif f heleabl esdaseipated
drawn can be nore advantageously adjusted at

and the amount of resin to be used can be reduced.

Since the cable connecting bushing 9 and the bus
connecting bushing 8 are placed on the same plane and on
10 the same side, work operations can be performed for the
switchgear 1 in one direction, improving workability during
installation and maintenance.
Since the cable connecting bushing 9 is longer than the
bus connecting bushing 8, it is possible to flexibly meet
15 various specifications according to the installation
environment of the user, such as a direction in which the
cable 90 connected to the load are drawn and a two-stage
structure of the buses 80.
As described above, FIG. 2 illustrates a rear view of
20 the switchgear structured by placing two panels side by
side; the bus connecting bushings 8 disposed on each panel
of the two-panel switchgear are mutually connected with the
bus 80, as an example; each cable 90 is drawn through the
relevant cable connécting bushing 9 déwnwardly on the

25 drawing sheet to supply electric power to the unit used as



15a site at which the switchgear is installed. [Second Enbodi nent]

A second enbodinent will be described with reference to FIG 4. In
this enbodinment, a nold switch 102 is used, which is identical to the
nold switch 2 used in the first 20enbodi ment, but is vertically
reversed. To conformto this arrangenent, the positions of
mani pul ation units 105 and 106, corresponding to the manipul ation
units 5 and 6, are also vertically revenged as conpared with the
first enbodi nent, and the positions of |inkage units 151 and 161,
25corresponding to linkage units 51 and 61, are also - 18 -

vertical |l ytheveosed agBowewpalethyi thblbeslicsth grbedbaeatawdhepphhely
conponents are the sane as in the first enbodi nent, so duplicate

descripti oba whel deewdtigt sedetEvgnmalkihbe thel dadpWet ebnh@2t ivli eRshsng
vertically 5reversed, is used as in this enbodi nent, the sane effect

as in the bilshgerbatibmenhedeser cbedcabovig pashbagoltai ned. I n
t he above enbodi nents, the fixed-side electrode in the vacuum

i nsul ated swit ahthoanth the msabloaneltdhoteshinighe aiay iofsWoalre@ be
switch 4 connected to the bus side are 10electrically connected to
each ®t her lohbervahaumchpsukbhledcswhtehilgabdsatihgi Psuliat @d switch 4
being linearly.di sposed,
advantageous to freely wire the cables to be connected to
the load to meet user reguirements according to the
installation environment of the user, so the cable
connecting bushing 9 is made to be longer than the bus
10 connecting bushing 8 to prevent the bus from interfering
with the cable. If the cable connecting bushing 9 and the
bus connecting bushing 8 are rotatably connected by, for
example, using a T-shaped cable head, a direction in which
the cables are drawn can be more advantageously adjusted at
15 a site at which the switchgear is installed.
[Second Embodiment]
A second embodiment will be described with reference to
FIG. 4. In this embodiment, a mold switch 102 is used,
which is identical to the mold switch 2 used in the first
20 embodiment, but is vertically reversed. To conform to this
arrangement, the positions of manipulation units 105 and
106, corresponding to the manipulation units 5 and 6, are
also vertically reversed as compared with the first

embodiment, and the positions of linkage units 151 and 161,

25 corresponding to linkage units 51 and 61, are also



and the bus 80 are placed near. the center of the panel. Even if a
need to vertically reverse the nold switch arises to neet user

requi renents or for sone other reason, since 15the bus 80 remain near
the center of the panel, workability is not largely changed. If the
cabl e can be drawn upwardly and downwardly, the wiring of the cable
is not inpeded regardl ess of the positions of the cable connecting
bushing 9. 20Since, in the above enbodi @@nts, the novabl e el ectrode
inthe air insulated switch 4, which is connected to the bus side and
has cl osi ng and groundi ng functions, and the fixed-side electrode in
t he vacuunmviersulcatled swivteatsell are calmgetneice alilbh ddvenetitrext teonbeatiment .
other, even if a plurality 250f switches are coaxially and linearly
di sposed, &hei othetr comp@nenteamrdee ther mecthe mawhinclihe Sdintsth on t he
bus side has a grounding function and only a switch on the | oad side
has an i nt embgptiinegtf, usct icowlivedee aesiamigttiitonsofvidvli toehesidrted.
linearly arranged, they are usually placed, due to a 5limtation on
space, so that Eveyaliife tdlceatalotesrdiicht Hd 2ol wheldht yi sofvesvii tasiidlsy nove
away from each other. In this case as well, to have the switch on the
bus sPde hap¥eysgloundi ngeduast ilonthis embedioesdry the semeestffidos as
novabl e el ectrode in the swtch on the bus side, rather than the

10fi xed- si d8 &hectivas, embodimen delscanbehe aboag siade beTlobdained.
structure not only provides the above effect obtained fromthe |inear
arrangenment buifnalt§e @boviengméedimenised ther Gilkedswiitdsh edreatirodsusin
side to have interrupting characteristics, sinplifyin% the structure.
15Furt her nbhe, V3FReE tREUdRIEeFNSHLACEd 3sandckhg nayakle electrode in

the air insulated switch 4 connected to the bus side are

10 electrically connected to each other, the vacuum insulated
switch 3 and air insulated switch 4 being linearly disposed,
and the bus 80 are placed near. the center of the panel.
Even if a need to vertically reverse the mold switch arises
to meet user requirements or for some other reason, since

15 the bus 80 remain near the center of the panel, workability
is not largely changed. If the cable can be drawn upwardly
and downwardly, the wiring of the cable is not impeded
regardless of the positions of the cable connecting bushing
9.

20 Since, in the above embodiments, the movable electrode
in the air insulated switch 4, which is connected to the
bus side and has closing and grounding functions, and the
fixed-side electrode in the vacuum insulated switch 3 are
electrically connected to each other, even if a plurality

25 of switches are coaxially and linearly disposed, a circuit



di sconnecting function as well, there is no need to provide a
di sconnector separately, further sinplifying the structure and
contributing to conpact ness. Wen the present invention is
i npl enented, each switch 20is not limted to a particular insulation
met hod such as air insulation, vacuuminsul ation, or gas insul ation.
I f an insulation nethod providing good insulation performance, such
as vacuuminsul ation, is used, a furthed%ffect of contributing to
conpact ness can be obtained. - 20 - [CLAIMS] 1. A switch unit,
conpri si ng: a plurality of switches being linearly disposed,
wher ei n 5eaah bk themagldurial why cdf aswivticles dmshe fhusedieleetiasode and
a novable electrode that is selectively noved toward and away from
the fixed eglrechddde, functitome ahidkechlgl ectswddeh wna thier dtoashisticle ofas
the plurality of switches is electrically connected to a bus, 10the
novabl e el eat foderirnpd inge dmhchiicnich @hethe plurality of switehes hsge
electrically connected to a cable, and t he novabl e el ectrode
in the firsdtnsarflghaamdnglkd,f ithed elrectusadd liynptlbecsiecame swi tach are
el ectrically connected 15to each ot her.
5 limitation on space, so that movable electrodes in the
plurality of switches move away from each other. In this
case as well, to have the switch on the bus side have a
grounding function, it is necessary to connect the movable
electrode in the switch on the bus side, rather than the
10 fixed-side electrode, to the switch on the load side. This
structure not only provides the above effect obtained from
the linear arrangement but also eliminates the need for the
switch on the bus side to have interrupting characteristics,
simplifying the structure.
15 Furthermore, since the air insulated switch 4 has a
disconnecting function as well, there is no need to provide
a disconnector separately, further simplifying the
structure and contributing to compactness.
When the present invention is implemented, each switch
20 is not limited to a particular insulation method such as
alr insulation, vacuum insulation, or gas insulation. If an
insulation method providing good insulation performance,
such as vacuum insulation, is used, a further effect of

contributing to compactness can be obtained.

25



2. The switch unit according to claim1, wherein insulation is

provi ded between the fixed electrode in the first switch and the
fixed electrode in the second swtch. 3. The switch unit
according to claim2, wherein 20insulation is provided by resin nold
between the fixed electrode in the first swtch and the fixed

el ectrode in the second sw tch. 4. A switch unit, conprising:

a plurality of swtches being |linearly diegposed, 25wherein - 21 -
each of the plurality of switches has a fixed el ectrode and a novabl e
el ectrode that is selectively noved toward and away fromthe fixed
el ectrode, [CLAIMS] the fixed electrode in a first switch of the
plurality 5of switches is electrically connected to a bus, t he

nmovabl e el ectrade N swiseEORGiFW c@mpafi dikgy:pl urality of switches is
electrically connected to a cable, and the novable el ectrode in the

first switch and glhherdixed dOedwecidioste berddel Secont, s dsdsad e

electrically connected to each other wi thout providing a switch

bet ween t heMerzinThe switch unit according to any one of clains 1 to

4, wherein the switch unit is nolded with a resin in a substantially

cylindrical shapgh of the plurality of switches has a fixed electrode
and a movable electrode that is selectively moved toward
and away from the fixed electrode,

the fixed electrode in a first switch of the plurality
of switches is electrically connected to a bus,

10 . the movable electrode in a second switch of the
plurality of switches is electrically connected to a cable,
and

the movable electrode in the first switch and the fixed
electrode in the second switch are electrically connected

15 to each other.

2. The switch unit according to claim 1, wherein
insulation is provided between the fixed electrode in the
first switch and the fixed electrode in the second switch.

3. The switch unit according to claim 2, wherein

20 insulation is provided by resin mold between the fixed
electrode in the first switch and the fixed electrode in
the second switch.

4. A switch unit, comprising:

a plurality of switches being linearly disposed,

25 wherein



156. The switch unit according to any one of clainms 1 to 5, wherein:
the first switch is disposed on the bus side; and the second swtch

i s disposed on the | oad side. 7. The switch unit according
to claim®6, wherein 20the bus-side first switch has a cl osing
function and a grounding function; and t he | oad-si de second

switch has a closing function and an interrupting function.

8. The switch unit according to claim-72wkerein 25the bus-side first
switch has the closing function, a - 22 - disconnecting function,
and the groundi ng functi on. 9. The switch unit according to any

one of clainms Gddh &f Wies @Nirality of switecHus e fiinadg Siddivode
has a bus-si de bushing 5connected to the bus; t he | oad-si de

second swi ekl Rasmowrdbaad-edicde ddshithg tCcarNeelied thiered | arf=si doweahl e;
and the bus-side first switch and the | oad-si de second switch are

di sposed oanthewsgn® ralmntde dickekhelus+sicgde 10bushi ng and the
| oad- si de bushi ng are di sposed on the sane
the fixed electrode in a first switch of the plurality
5 of switches is electrically connected to a bus,
the mdvable electrode in a second switch of the
plurality of switches is electrically connected to a cable,
and
the movable electrode in the first switch and the fixed
10 electrode in the second switch are electrically connected
to each other without providing a switch between them.
5. The switch unit according to any one of claims 1 to
4, wherein the switch unit is molded with a resin in a
substantially cylindrical shape.
15 | 6. The switch unit according to any one of claims 1 to
5, wherein:
the first switch is disposed on the bus side; and
the second switch is disposed on the load side.
7. The switch unit according to claim 6, wherein
20 the bus-side first switch has a closing function and a
grounding function; and
the load-side second switch has a closing function and
an interrupting function.
8. The switch unit according to claim 7, wherein

25 the bus-side first switch has the closing function, a



si de.

10. The switch unit according to claim9, wherein the

| oad-si de bushing is |onger than the bus-side bushing. 11. A

sw tchgear conprising: 15the switch unit according to any one of
claims 1 to 10; a bus connected to the switch unit; a cable connected
to the swtch unit; and a cabinet in which at |east part of the
switch unit, the bus, and the cable are accommobdat ed. 20

10

15

20

- 22 -

disconnecting function, and the grounding function.

9. The switch unit according to any one of claims 6 to
8, wherein:

the bus-side first switch has a bus-side bushing
connected to the bus; |

the load-side second switch has a load-side bushing
connected to a load-side cable; and

the bus-side first switch and the load-side second
switch are disposed on the same plane, and the bus-side
bushing and the load-side bushing are disposed on the same
side.

10. The switch unit according to claim 2, wherein the
load-side bushing is longer than the bus-side bushing.

11. A switchgear comprising:

the switch unit according to any one of claims 1 to 10;

a bus connected to the switch unit;

a cable connected to the switch unit; and

a cabinet in which at least part of the switch unit,

the bus, and the cable are accommodated.



