-1 - TITLE OF THE I NVENTLON VACUUM SW TCH AND VACUUM SW TCHGEAR
BACKGROUND OF THE | NVENTION 5[ Field of the Invention] The present
invention relates to a vacuumswitch and a vacuum sw t chgear, and
nore particularly relates to a vacuumswitch and a vacuum sw t chgear
that are suitable when the circunference of a vacuum chanber
accommodating 10the switch unit is isolation-nolded. [Description of
Rel ated Art] A vacuumswitch is a swtch that utilizing

hi gh-vacuum i sol ati on performance; a conpact, SF6 gasless switch can
be achi eved. 15Sonme vacuum switches have, isol ation performance

i nproved by not only vacuuminsul ati on but also by the use of a
doubl e | ayered isolating structure in which the circunference of the

switch cha LSAEO. 1 lid isolation resin. 20When the
it opt e e

circunferencé o er of the vacuumswitch is covered

with solid 'gebghigﬁlfﬁgiéﬁDtvﬁﬁﬁﬁﬁfsgﬁgcﬁb§g$ric field is

concentrated at the en an 1 nsulating cylinder constituting the
swi tch chanber, causing dielectric breakdown to be likely to occur

BACKGROUND OF THE INVENTION
5 [Field of the Invention]

The present invention relates to a wacuum switch and a
vacuum switchgear, and more particularly relates to a
vacuum switch and a vacuum switchgear that are suitable
when the circumference of a vacuum chamber accommedating

10 the switch unit is isclation-molded.

[Description of Related Art]

A vacuum switch is a switch that utilizing high-vacuum
isolation performance; a compact, SF6 gasless switch can be
achieved.

15 Some vacuum switches have isolation performance
improved by not only vacuum insulation but alsc by the use
of a double layered isolating structure in which the
circumference of the switch chamber is covered with solid
isolation resin.

20 When the circumference of the switch chamber of the
vacuum switch is covered with solid isolation resin,
however, an electric field is concentrated at the ends of
an insulating cylinder constituting the switch chamber,
causing dielectric breakdown to be likely to occur.

25 Accorxdingly, a vacuum switch in which the circumference



25Accordinal vy, _a vacuum switch in which the circunference - 2 - of

the switch chanber is covered with solid isolation resin and reli ef

of electric field concentration at the ends of the insulating
cylinder is considered is described in Patent Docunent 1. 5Patent
Docunent 1 discloses a vacuumswitch in which electric field
relieving shields, each of which is fornmed in a doughnut shape by
connecting both ends of a spiral spring nmade of conductive netal or
resin, are disposed at the ends of an insulating cylinder internally
including a 10fi xed el ectrode and a novapl e el ectrode to constitute a
vacuum chanber and then these electric field relieving shields are
covered by nolding, so that electric field concentration at the ends

Patent Lai d0EpEReNat o0 a T S SRR G Tre S AVERTEOR LB e e7
the structug ddk £108¢ fioedé%acltﬁ’?} £2REUTEDh o d 1%9@109{% s t' akNof hat

because the oug nut - sha ectric reving s |sposed

at each end¢gk aﬂeuw@yrh@tamrfaéf &@eeohgﬁdér&‘& ruétsc%*l @9 fQrmed by
t

connecting both ends of a single spiral spring, e angu ar part at
the end of bhechbsSpbabhdvg cyl i nder, at which an

5 Patent Document 1 discloses a vacuum switch in which
electric field relieving shields, each of which is formed
in a doughnut shape by connecting both ends of a spiral
spring made of conductive metal or resin, are disposed at
the ends of an insulating cylinder internally including a

10 fixed electrode and a movable electrode to constitute a
vacuum chamber and then these electric field relieving
shields are covered by molding, so that electric field
concentration at the ends of the isolating layer is
relieved.

15 Patent Document 1l: Japanese Patent Laid-open No. 2005-

197061

.SUMMARY OF THE INVENTION
However, the structure disclosed in Patent Document 1
20 is problematic in that because the doughnut-shaped electric
field relieving shield disposed at each end of the
insulating cylinder has a doughnut shape formed by
connecting both ends of a single spiral spring, the angular
part at the end of the insulating cylinder, at which an

25 electric fleld is most concentrated, cannot be covered and



25el ectric field is nost concentrated, cannot be covered and - 3 -
thereby an electric field is concentrated on the angular part at the
end of the insulating cylinder, which my lead to dielectric
breakdown. Accordingly, an object of the present invention is to
5provi de a vacuum swi tch and a vacuum swi tchgear that prevents an
electric field fromconcentrating on the angul ar part at each end of
the insulating cylinder to suppress dielectric breakdown. To achi eve
t he above object, a vacuum switch of the 10present invention has a
fixed el ectrode, a novable el ectrode fa8irg the fixed el ectrode, an
i nsul ating cylinder, end plates covering both axial ends of the
i nsul ating cylinder, a vacuum chanber internally accomodating the
fi xed el ect tbheeelandit reelandvrdlel €ieldcis oceceiBarzded sal tHei sondatd:on
resin nol ded on the outside of the vacuum chanber, characterized in
that, a firpereocdt W iangs ofesbh dhswhiting ssxliisgesedwhichnuay hieead
outer circunference of one end plate while touching the end plate and
an end facetefdiake¢thzsin dreaddeyni nder, and a second coil springs,
each 20of which is united to one of the first springs and di sposed
Accordingly, an object of the present invention is to
5 provide a vacuum switch and a vacuum switchgear that
prevents an electric field from concentrating on the
angular part at each end of the insulating cylinder to
suppress dielectric breakdown.
To achieve the above object, a vacuum switch of the
10 present invention has a fixed electrode, a movable
electrode facing the fixed electrode, an insulating
cylinder, end plates covering both axial ends of the
insulating cylinder, a vacuum chamber internally
accommodating the fixed electrode and the movable electrode,
15 and a solid isolation resin molded on the outside of the
vacuum chamber, characterized in that, a first coil springs,
each of which is disposed around the outer circumference of
one end plate while touching the end plate and an end face
of the‘insulating cylinder, and a second coil-springs, each
20 of which is united to one of the first springs and disposed
around the outer circumference of the insulating cylinder
so0 as to cover the angular part of the end face of the
insulating cylinder, and the end plates, the end faces of

the insulating cylinder, and the first and second coil

25 springs are electrically connected.



around the outer circunference of the insulating cylinder so as to
cover the angular part of the end face of the insulating cylinder,
and the end plates, the end faces of the insulating cylinder, and the
first and second coil 25springs are electrically connected. - 4 -
To achi eve the above object, a vacuum swi tchgear of the present

i nvention has a vacuum chanber fornmed by hernetically connecting a
fi xed el ectrode end plate and a novabl e el ectrode end plate to both
ends of an isolating 5cylinder, a fixed el ectrode | ead and a novabl e
el ectrode | ead oppositely disposed in_}QF_yacuun1chanber, a fixed

el ectrode attached to an end of the fixed electrode |ead, and a
novabl e el ectrode attached to an end of the novable el ectrode |ead,
characteri zed i% thah. 10tpe Vv cuun1§yjt hgear has an external end
shield di sposed & 8TRUCT RetBRtHECE PRIFFEr eficE20F R Bgnohakbe
between the _isqolating cylinder and_the novable el ectrode end plate,
first fittiﬁﬁéggg% aﬁ%% %%ﬁ’gﬁ“iﬁevﬁﬁﬁg? CRPRReR Qﬁﬂﬁdaﬁysurface of

ol cotrode obachrSiasrht Taurng BeES Frdelt Mot B Mathorhict

the first f@gggggeggi%%@%é m%qsgﬁg@g Lg;g&gﬁ Sdd & nmityally,

fitted. Acc € vacuum sw tch e vacuum
5 cylinder, a fixed electrode lead and a movable electrode

lead oppositely disposed in the vacuum chamber, a fixed
electrode attached to an end of the fixed electrode lead,
and a movable electrode attached to an end of the movable
electrode lead, characterized in that,

10 the vacuum switchgear has an external end shield
disposed around the outer circumference of a connection
part between the isolating cylinder and the movable
electrode end plate, a first fitting part disposed on the
inner circumferential surface of the external end shield,

15 and a second fitting part disposed on the electrode end
plate for facing the first fitting part, and both of the
first fitting part and the second fitting part are mutually
fitted.

According to the vacuum switch and the vacuum

20 switchgear of the present invention, the angular part at
the end of the insulating cylinder can be covered, so an
electric field is not concentrated on this part, dielectric
breakdown is suppressed, and thereby isolation reliability
is improved.

25



20swi t chgear of the present invention, the angular part at the end of
t he |nsuiat|ng cy||n8er can be covered, so an electric field is not
concentrated on this part, dielectric breakdown is suppressed, and
thereby isolation reliability is inproved. - 5 - BRI EF DESCRI PTI ON
OF THE DRAW NGS FIG 1 is a cross sectional view of a vacuum
switch showing a first enbodinent in the present invention. FIG 2
shows a coil spring used in the vacuumswitch of 5the first

enbodi ment in the present invention shown in FIG 1. FIG 3is a
magni fied view showng a united state at. the term nal ends of the
coil spring shown in FIG 2. FIG 4 shows a state in which two coils
springs used in 10the vacuumswitch of the first enbodinent in the

B ount er ontT | BRECRECT RGO e BRBIRNPSITY agni 11 ed cross
section of the firgeds st ge, CoL ol GddA3undh! PPefYoE "Eofadilat G 1¥REUI™
showing a first embodiment in the present invention.

FIG. 2 shows a coil spring used in the vacuum switch of

5 the first embodiment in the present invention shown in FIG.
1.

FIG., 3 is a magnified view showing a united state at
the terminal ends of the coil spring shown in FIG. 2,

FIG. 4 shows a state in which two coils springs used in

10 the vacuum switch of the first embodiment in the present
invention are united, the two coll springs having different
circumferential lengths.

FIG. 5 is a partially magnified cross section of the
fixed-side ceramic insulating cylinder in the vacuum switch

15 of the first embodiment in the present invention shown in
FIG 1.

FIG. © is a magnified partial cross sectional view of a
fixed-side ceramic insulating cylinder in the vacuum switch _
showing a second embodiment of the present invention.

20 FIG. 7 is a magnified partial cross sectional view of a
fixed-side ceramic insulating cylinder in the vacuum switch
showing a third embodiment of the present invention.

FIG. 8 is a magnified partial cross sectional view of a
fixed-side ceramic insulating cylinder in the vacuum switch

25 showing a fourth embodiment of the present invention.



150f the first enbodinent in the present invention shown in FIG 1.
FIG 6 1s a magnified partial cross sectional view of a fixed-side
ceramc insulating cylinder in the vacuum sw tch show ng a second
enbodi ment of the present invention. 20 FIG 7 is a magnified parti al
cross sectional view of a fixed-side ceramic insulating cylinder in
t he vacuum switch show ng a third enbodi nent of the present

i nventi on. FIG 8 is a magnified partial cross sectional view of
a fixed-side ceramic insulating cylinder in the vacuum swi tch
25showi ng a fourth enbodi nent of the present invention. - 6 -

FIG 9 is a magnified partial cross sectional view of a fixed-side
ceram c insulating cylinder in the vacuumsw tch showing a fifth
enbodi nent of tQ%Gprgsggt |nventﬁp shows_a coi | sg&gggogsgd

in the vacuum switch 5" 6f “a" sPxt %ﬁﬂé%ﬁ%%gégcfﬂs?h%e%ﬁ%
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Springs; areg¥nht @dxth embodiment in the present invention, in which
three coil springs having the same circumferential length
are united.

FIG. 11 is a partially magnified view showing a coil
spring used in the vacuum switch of a seventh embodiment in

10 the present invention.

FIG. 12 is a partially magnified view showing a coil
spring used in the vacuum switch of an eighth embodiment of
the present invention, in which three coil springs are
united.

15 FIG. 13 is a partial cross sectional view of a vacuum
switchgear in which the vacuum switch in the first
embodiment of the present invention is mounted.

FIG. 14 is a partial cross sectional view of another
vacuum switchgear in which the vacuum switch in the first

20 embodiment of the present invention is mounted.

FIG. 15 is a cross sectional view of a vacuum switch of
a vacuum switchgear showing a ninth embodiment in the
present invention.

FIG. 16A is a perspective view of a concave part of an

25 electrode end plate used in the vacuum switch of a ninth



15FIG 13 is a partial_cross sectional view of a vacuum sw tchgear in
whi ch the vacuumswtch in the first enbodi mrent of the present

i nvention is nounted. FIG 14 is a partial cross sectional view
of anot her vacuum swi tchgear in which the vacuumswitch in the first

20enbodi nent of the present invention is mounted. FIG 15 is a cross

sectional view of a vacuumswi tch of a vacuum sw tchgear show ng a

ninth enbodi nent in the present invention. FIG 16A is
a perspective view of a concave part of an 25el ectrode end plate used
in the vacuumswitch of a ninth - 7 -_ )odi nent in the present
invention, and FIG 16B is its plane view FIG 17Ais a

perspective view of a convex part of an external end shield used in

the vacuum switgk t ' oq LN the ent..i nvent i on,
and FI G 17%%%8??‘%&% %ﬁeﬂ?ﬁ@ﬁe@%{% q&fggﬁélgﬁl’cr%’é%%;ﬁt iritgﬁallsv?%%v of
a vacuum swishgh-0f; @, vacuum swi t chgear showing a tenth embodi ment in

the present "invention.
FIG. 17A 1s a perspective view of a convex part of an

external end shield used in the vacuum switch of the ninth
5 embodiment in the present invention, and FIG. 17B is its
plane view.
FIG. 18 is a cross sectional view of a vacuum switch of
a vacuum switchgear showing a tenth embodiment in the
present invention.

10 FIG. 19 is a cross sectional view of a vacuum switch of
a vacuum switchgear showing an eleventh embodiment in the
present invention.

FIGs. 20A and 20B respectively show electric field
strength in an ordinary mode and a mode in the embodiment

15 of the present invention for comparison.

DETATILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
A first embodiment of a vacuum switch according to the

present invention will be described using FIGs, 1 to 5.

20 As shown in FIG. 1, the vacuum switch 1 in the first
embodiment of the present invention substantially comprises
a vacuum chamber 2, a fixed electrode 62 and a movable
electrode 6B disposed in the vacuum chamber 2, and a solid
isolation resin 21 covering the circumference of the vacuum

25 chamber 2.



10FIG 19 is a cross sectional view of a vacuum sw tch of a vacuum
swi t chgear show ng an el eventh enbodi nent in the present invention

FI Gs. 20A and 20B respectively show electric field strength in an
ordi nary node and a node in the enbodi nrent 15o0f the present invention
for conparison. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

A first enbodi ment of a vacuum switch according to the present
invention wll be described using FIGs. 1 to 5. 20As shown in FIG 1
the vacuumswitch 1 in the first enbodi nent of the present invention
substantially conprises a vacuum chanbers 2, a fixed el ectrode 6A and
a novabl e el ectrode 68 disposed in the vacuum chanber 2, and a solid
isolation resin 21 covering the circunference of the vacuum 25chanber
2. - 8 - The vacwum ataideer 22 cenppi s6€Sa af fdotrd-isiedeceghani C

i nsul ating cylinder 2A, a novabl e-side ceram c insulating cylinder 28
| i nked to thestixethgide ioecania, i asmbeib Ne-cidd reeem?Ad, iAstilxethgi de
end plate 3A linked to a fixed 5end of the fixed-side ceramc
i nsul ati ng cylimder 2B\ limkeds taxihe Oixedtsiols derenficxédssisheisnd
plate 3A being netallic and thinner than the insulating cylinders 2A
and 23, andculimdeh|hsiadd ixed-phidece8d platkedA diakedvabl @ Bixkdf
the novabl e-si de ceranmic insulating cylinder 23, the novable- 10side
end pl ate 38nBephdgrimetiidadosidgecpiadi¢ oinwilathieg cylinder 2A in its
axial direction, the fixed-side end plate 3A being metallic
and thinner than the insulating cylinders 2A and 2B, and a
movable-side end plate 3B linked to a movable end of the
movable-side ceramic insulating cylinder 2B, the movable-

10 side end plate 3B being metallic; the interior of the
vacuum chamber 2 is maintained in a high vacuum state.
Metalizing, which is well suitable to metal in brazing, is
applied to brazing faces between both insulating cylinders
23 and 2B and both end plates 3A and 3B to perform brazing

15 on both metallic end plates 32 and 3B.

Inside the vacuum chamber 2, the fixed electrode 6A& and
the movable electrode 6B, which moves in the axial
direction while facing the fixed electrode 6A, are
disposed; the fixed electrode 6A is held atuthe distal end

20 of a fixed-side electrode rod 7A, which passes through the
fixed-side end plate 3A in the vacuum chamber 2 in the
axial direction, and the movable electrode 6B is held at
the distal end of a movable-side electrode 7B, which passes

through the movable-side end plate 3B in the vacuum chamber

25 2 in the axial direction. A movable-side conductor 10 is



vacuum chanber 2 is _maintained in a high vacuum state. Metali zing,
which is well suitable to netal in brazing, is applied to brazing
faces between both insulating cylinders 2A and 2B and both end pl ates
3A and 38 to performbrazing 150n both netallic end plates 3A and 33.
I nsi de the vacuum chanber 2, the fixed el ectrode 6A and the novabl e
el ectrode 63, which noves in the axial direction while facing the

fi xed el ectrode 6A, are disposed; the fixed electrode 6A is held at
thedi stal end 20of a fixed-side el ectrode rod 7A, which passes

t hrough the fixed-side end plate 3A in Qpe vacuum chanber 2 in the
axial direction, and the novable el ectrode 6B is held at the distal
end of a anabIe side electrode 73, which passes through the

GiectFon, RoRBaBRE. & i Bl STV B et B i
of the mvable-side, ehecicads, tad.79.i pothe axial diyechign Lhal,is

opposite to the t he nova rode

movabl e- si dgncopdus el heahLyaconnestadyha.gageend of a

b dad S
bus 5side or |oa g edflxe S|de con%uctor € C|rcunference

of whi ch 'SCQQ&GEEQJ:W.[@ §%le@ﬂﬁ9'&1§&xoﬁoﬁﬁéé&d22uo o%eCQHBeSEEQ éﬁds a

end of the fixed-side electrode rod that 1s opposite to the en

whi ch tshe fisxgd ghecsi@de &Lk hsfbﬁé&l—sfcr@ ddntedrgide; copductor 11 is

10el ectrically connected to the other end of the bus side or |oad

side. The npvablfrsidgce! SEtiads 1QdcéBetrsa Viefdd cliliy muedcigyt he
axial direction in the drawing by an operating unit (not shown) to

nove the novabhe gbecis ogéhiifbtedChice¥hngng! O66the RGRA-8Rde

di sconnecting positions between 15the novabl e el ectrode 68 and the
fixed el ect eadetbdéie rod 72 el awsoPpodbt&hed stisdiRp@r bedwhych hehe
novabl e-side end plate 38, is disposed around the novabl e-si de

el ectrode rddxed electrode 6A is held; the fixed-side conductor 11 is

10 electrically connected to the other end of the bus side or
load side. The movable-side electrode rod 7B is vertically
moved in the axial direction in the drawing by an operating
unit (not shown)} to move the movable electrode 6B,
achieving closed, open, and disconnecting positions between

15 the movable electrode 6B and the fixed electrode 6A.

A bellows 9, which is supported by the movable-side end
plate 3B, is disposed around the movable-side electrode rod
7B so that even when the movable-side electrode rod 7B
moves upward and downward in the axial direction, the

20 vacuum state in the vacuum chamber 2 is maintained. A
bellows shield 8, which is supported by the movable-side
electrode rod 7B, is disposed around the bellows 9 to
prevent adhesion of metallic particles, which scatter due
to the arc generated between the electrodes during open and

25 close operations, to the bellows 9 and to relieve electric



78 so that even when the npvabl e-side el ectrode rod 78 noves upward
downward I n the axial direction, the 20vacuum state in the vacuum
chanber 2 is maintained. A bell ows shield 8, which is supported by
t he novabl e-side el ectrode rod 78, is disposed around the bellows 9
to prevent adhesion of nmetallic particles, which scatter due to the
arc generated between the el ectrodes during open and 25cl ose
operations, to the bellows 9 and to relieve electric - 10 - field
concentration on the ends of the bellows 9. An arc shield 5 which is
supported by the ceram cs insulating cyldnder, is disposed around the
fi xed el ectrode and novabl e 6A and 6B t0 prevent adhesion of fine
netallic 5partic|es whi ch scatter due to the arc generated from for

vacutm chanbor s SoRFRRR b0 Rne ' Fuli Sl TR EaPRERee PFORTSei ng
idnithoy S.Ad%hé%ié%f% SSEIAP S SubbBEotoby ML S aILE 105805 fhg
supported byt hgadi xeds %11%?0%@91 QPMQP&%&%% ,&g.d fe%ftgadé% d 3B,

are dlsposed near the |nner surfaces of t e netalized

surfaces of nbhignid xenl-Hderd PRUDLE- Shiles AT YT cflheSHé@&mﬂc
cylinders 2A and 2B to relieve electric fields, which woul
150t hebwi SepgPRCEmss At ik 1hateBdsaed thenetald z;%ﬁe§aﬁéa0§§om, for
example, open and close operations, to the inner surface of
the vacuum chamber 2 and thereby prevent isoclation
performance from being lowered. A fixed-side electric field
relieving shield 4A and a movable~-side electric field
10 relieving shield 4B, which are supported by the fixed-side
and movable-side end plates 3A and 3B, are disposed near
the inner surfaces of the ends of the metalized surfaces of
the fixed-side and movable-side ceramic insulating
cylinders 2A and 2B to relieve electric fields, which would
15 otherwise concentrate on the ends of the metalized surfaces
of the fixed-side and movable-side ceramic insulating
cylinders 2A and 2B, in the vacuum chamber 2.
The outside of the vacuum chamber 2 is covered with the
s0lid isolation resin 21 such as epoxy. A buffer layer Zd
20 is disposedhon the outer circumferences of the fixed-side
and movable-~side ceramic insulating cylinders 2A and 2B to
relieve stress concentration caused due to a difference in
thermal shrinkage ratios between the ceramic and the solid
isolation resin 21, the buffer layer 20 being a material

25 that has a thermal shrinkage ratioc between the ceramic and



of the fixed-side and novable-side ceramc insulating cylinders 2A

and 2E, in the vacuum chanber 2. The outside of the vacuum
chanber 2 is covered with the solid isolation resin 21 such as epoxy.
A buffer layer 20 20 is disposed on the outer circunferences of the
fi xed-si de and novabl e-side ceram c insulating cylinders 2A and 28 to
relieve stress concentration caused due to a difference in thernal
shrinkage ratios between the ceramc and the solid isolation resin
21, the buffer layer 20 being a material 25that has a thernal
shrinkage rati o between the ceram c and, the resin used for solid
isolation and is softer than the ceram ¢ and the resin used for solid
isolation. In this enbodinent, to relieve electric field
concentrati o] r I | Z arts,..bwhich are
brazi ng par ?gebg?\%\eﬁgn@%%i %ﬁlxe ﬁg#ﬁ%g&%ﬁ%’% alengqsu Sat’ %eéykﬁ%gh%A
and fi xed- sj ; t t V; -si.de ceramc
i nsul ati ng gg??ﬁggrg%%1§ﬁg%ﬁ%§gbpg%§?ggre%§lp égghgﬁiog'first coi
spring 30 and arseennd &Rbda S 3lreMbsl M & BlAldiiGy are
di sposed to 10cover these angular parts. How the first coil spring 30
and second eghtefPEitihmloithaliexRasag) WahduRe dRsGNIBEM HaLey, Fl Gs.
2 to 5. As shown in FIG 2, the first coil spring 30 Is forned
in a deughnywhighapee yratsinmg parvet Bbtbés vRETOExdNak geScdbyRiwd in a
spiral shape. The ends of the first coil spring

insulating cylinder 2A and fixed-side end plate 3A and

between the movable-side ceramic insulating cylinder 2B and
movable-side end plate 3B, a first coil spring 30 and a
second coil spring 31, which are metallic, are disposed to
10 cover these angular parts.
How the first coil spring 30 and second coil spring 31
are disposed will be described using FIGs. 2 to 5.
As shown in FIG. 2, the first coil spring 30 is formed
in a doughnut shape by using a metal wire member that is
15 wound in a spiral shape. The ends of the first coill spring
30 are united by winding a uniting line 40 as shown in FIG.
3. FIG. 4 illustrates how the first coil spring 30 is
united to the second coil spring 31, which has a larger
radius than the first coii spring 30 in the natural state.
20 A strong unity is achieved by performing uniting at three
or four positions as shown in FIG. 4.
Here, the circumferential length of the first coil
spring 30, which is stipulated on the drawing sheet of FIG.
2, 1s shorter than the length of the external circumference

25 of the end plate in the natural state, and the



30 are_united by winding g uniting line 40 as shown in FIG 3. FIG 4

Il lustrates how the first coil spring 30 is united to the second coi
spring 31, which has a larger radius than the first coil spring 30 in
the natural state. 20A strong unity is achieved by perform ng uniting
at three or four positions as showmn in FIG 4. Here, the
circunferential length of the first coil spring 30, which is
stipulated on the drawi ng sheet of FIG 2, is shorter than the length
of the external circunference 250f the end plate in the natural

state, and the - 12 - circunferential {gngth of the second coi
spring 31 is shorter than the length of the external circunference of
the ceramcs insulating cylinder 2A, 23 in the natural state. 5Next,

how the firgtre@hteSiidNg a.%n@r&@l 8eCORg §QidnPRIJiNg séhn&hgfhl have
been united, are attached wi |l be described using FIG 5is a

magni fi ed Vlsﬁwrﬁ)ért’i"}ﬁrﬁrtdme()fleh@%hf bxeghsi e HAIAME reNRELAEARD of
cylinder 2A in the vacuumswitch of the first enbodi nent shown in FIG
1. 10l n a sthtecéranti<chndwbaiagselithdsolat, @B ii% the natural

state.

5 Next, how the first coil spring 30 and second coil
spring 31, which have been united, are attached will be
described using FIG. 5. FIG. 5 is a magnified view of the
end of the fixed-side ceramic insulating cylinder 2A in the
vacuum switch of the first embodiment shown in FIG 1.

10 In a state in which, before solid isolation is
performed, the buffer layer 20 is disposed around the outer
circumference of the fixed-side ceramic insulating cylinder
2A, the first coil spring 30 and second coil spring 31 are
placed on the fixed-side end plate 3A from the fixed side

15 by being pressed, the second coil spring 31 with a larger
radius in the natural state being first placed; since the
circumferential length of the second coil spring 31 is
shorter than the length of the external circumference of
the fixed-side ceramics insulatiné cylinder 2A in the

20 natural state and the circumferential length of the first
coil spring 30 is shorter than the length of the external
circumference of the fixed-side end plate 3A in the natural
state, when the second coil spring 31 is positioned on the

outer circumference of the fixed-side ceramic insulating

25 cylinder 2A and the first coil spring 30 is positioned on



perfornmed, the buffer layer 20 is disposed around the outer
circunference of the fixed-side ceramc insulating cylinder 2A, the
first coil spring 30 and second coil spring 31 are placed on the
fixed-side end plate 3A fromthe fixed side 15by being pressed, the
second coil spring 31 with a larger radius in the natural state being
first placed; since the circunferential |length of the second coi
spring 31 is shorter than the length of the external circunference of
the fixed-side ceramics insulating cylinder 2A in the 20natural state
and the circunferential length of the-fiBst coil spring 30 is shorter
thanm the Il ength of the external circunference of the fixed-side end
plate 3Ain the natural state, when the second coil spring 31 is

posi tioned thet heteutetraimfmnenecendetbe fheed+sdeth sindeptetanx, the

i nsul ating 25cylinder 2A and the first coil spring 30 is positioned
on - 13 - £h&sbuceilcsprind 3@mued gfeqdnsl fdoidd spicdegedl pratex@mded.
the first coil spring 30 and second coil spring 31 are expanded.
Finally, the fi Féﬂaégw B | Figr 30 cadt sPagagnd? abitowgednst the
circunference of the fixed-side end plate 3A and 5agai nst the

net al i zed sQPF&EeCHFCHHEEEFOCL hBef fisadssiie @chmlatendtl ardng
cylinder 2A, and stops at a position at which the gggular part of the

fixed-Side @8RARFE Fhrurehaligedy pindere2af i She g &f whenfikedrsidg

coil spring 30 and second coil ring 31. At that tinme, the first
coi Sgringceramlc Prisu ating cyignde %A and stops at a position at

which the angular part of the fixed-side ceramic insulating
cylinder 2A is covered with the first coil spring 30 and
second coil spring 31. At that time, the first coil spring

10 30 and second coil spring 31 are fixed in a state in which
they are expanded from their natural lengths, so shrinking
forces act and thereby the first ceoil spring 30 and second
coil spring 31 do not move easily from their positions, at
which they are fixed by applying a conductive glue 36.

15 Accordingly, the fixed-side end plate 3A, the first coil
spring 30, and the second coil spring 31 united to the
first coil spring 30 are mutually electrically connected.

The same procedure is also executed on the movable side
to dispose and fix the first coil spring-30 and second coil

20 spring 31; after the first coil spring 30 and second coil
spring 31 have been fixed, molding is performed using the
solid isolation resin 21.

According to the vacuum switch in the embodiment
described above, the first coil spring 30 abuts against the

25 outer circumference of the fixed-side end plate 3A and



10 30 and second coil spring 31 are fixed in a state in which they
are expanded fromtheir natural |engths, so shrinking forces act and
thereby the first coil spring 30 and second coil spring 31 do not
move easily fromtheir positions, at which they are fixed by applying
a conductive glue 36. 15Accordingly, the fixed-side end plate 3A the
first coil spring 30, and the second coil spring 31 united to the
first coil spring 30 are mutually electrically connected. The
sanme procedure is al so executed on the novable side to dispose and
fix the first coil spring 30 and second; goil 20 spring 31; after the
first coil spring 30 and second coil spring 31 have been fixed,
nolding is performed using the solid isolation resin 21.

According tgq E2YetTIY t [ e J he
first coil spr'PIﬁsgﬁ/BO a%%%\glégggng?g? %Q%gﬁ%k{egre%d?%a%%g?eﬁlce ofs%ldh

fixed-side egflad At ANGg tyiffndefi‘g% nsind %en%hghigﬁdpéaﬁ%f&ﬁeth%f

the end of the fixed-side céramc insul atlng cyl i nder

angul ar par ¥i@édtdeid ioadmiicdensl api gg | O dd N aCY L AERT i 2Ain Vm.le%h

is an area on which an electric field |s concentrated, is covered
Wi th 5the fohsthish larsliar@r3@ andishes S&%&’%t&%‘tbdﬂ’h’.b”@o@é—red Qiith
which the first coil spring 30 is united. Accordingly, the
fixed-side end plmde GAL theingt Botard e Widhd soequapring tIE to
operating voltage, the first coil spring 30 and second coil spring
31, which cevech ttte Mfiarsgulcad lpapting 3held intddesi.de ceram c
i nsul ating cylinder 2A, and the netalized surface of the fixed-side
ceram c i nsul athegoryingidar tha disedubidé | gnelpdctal Gal, | yhe opoieaiteid 1
making their potentials equal to the operating voltage.

of which is equal to the operating voltage, the first coil

spring 30 and second coil spring 31, which cover the

10 angular part of the fixed-side ceramic insulating cylinder
2A, and the metalized surface of the fixed-side ceramic
insulating cylinder 2A are mutually electrically connected,
making their potentials equal to the operating voltage.

Accordingly, it becomes possible to relieve electric

15 field concentration on the angular part of the end of the
fixed-side ceramic insulating cylinder 23, and thereby a
partial discharge is less likely to occur even when a high
voltage is applied, preventing dielectric breakdown. 1In
addition; since the first coil spring 30 and secbnd coil

20 spring 31, which are metal wire members in a spiral shape,
have much clearance and do not have continuous narrow
clearance, a flow of resin is not impeded during molding by
use of the solid isolation resin 21, preventing voids from
being easily formed and making it possible to prevent the

25 isclation performance from being lowered.



Accor di ngl
concentrati

, it becones possible to relieve electric 15field
on on the angular part of the end of the fixed-side

ceram c insulating cylinder 2A, and thereby a partial discharge is
|l ess likely to occur even when a high voltage is applied, preventing

dielectric
second coi

breakdown. In addition, since the first coil spring 30 and
20spring 31, which are netal wire nenbers in a spiral

shape, have nuch cl earance and do not have continuous narrow

cl ear ance,
the solid i
formed and
from bei ng

a flow of resin is not inpeded during nolding by use of
solation resin 21, preventh?5v9ids frombeing easily
making it possible to prevent the 25isol ati on performance
| onered. - 15 - Since the coil springs used in this

rom bei : Sin .
i thstand hi gher TeRpS St GP6k Gy aard 06 Tih VRRk 8" &P o,

conducti ve
enbodi nent

R 1S, dEsReSed e AN heQFyéggy&%é%m faft é?ﬁﬁ%@a%q

I'n the present I nventi'on w e descri bed using

In the 5900'?1‘18?1@?09&193@1?&1@@!" dut 1FbCnoBaing Addl Ll t @okhxbihphBL,

coil spring 3

enmbodi nent ,

and second coll spring 31 uséd in the first
cRnblkksveotds SPrid®iddoswhich is 10nmetallic, is disposed

on the second coil spring 31, and the second coil spring 31 and third

coil spring 32 gegtynit edcasmiswildd of aSkBeend ha@ndddistengOiih $REI NY
30 is electrically connected to the fixed-side end plate 3A, the

10

15

20

25

present invention will be described using FIG. 6.

In the second embodiment shown in FIG. 6, in addition
to the first coil spring 30 and second coil spring 31 used
in the first embodiment, a third coil spring 32, which is
metallic, is disposed on the second coil spring 31, and the
second coll spring 31 and third coil spring 32 are united
as in FIG. 4. Since the first coil spring 30 is
electrically connected to the fixed-side end plate 3A, the
first coil spring 30, the second coil spring 31, the third
coil spring 32, the fixed-side end plate 3A, and the
metalized surface of the end of the fixed-side ceramic
insulating cylinder 2A are mutually electrically connected.

Thus, the density of isoelectric lines can be made
lower than in thé first embodiment by expanding the
distribution of isoelectric lines on the metalized surface
of the end of the fixed-side ceramic insulating cylinder 2A.
Then, electric field concentration can be further relieved
as compared with the first embodiment.

Although the fixed side has been used as an example,

the third coil spring 32 can alsc be united to the second



first coil spring 30, _the second coil spring 31, the third 15coi
spring 32, the fixed-side end plate 3A, and the netalized surface of
the end of the fixed-side ceramc insulating cylinder 2A are nmutually
el ectrically connected. Thus, the density of isoelectric |lines can be
made |ower than in the first enbodi nent by expanding the

20di stribution of isoelectric lines on the netalized surface of the
end of the fixed-side ceramc .insulating cylinder 2A. Then, electric
field concentration can be further relieved as conpared with the

first enbodi nent. Al t hough %%e_fixed si de has been used
as an exanple, 25the third coil spring can also be united to the
second - 16 - coil spring 31 on the novable side in the sane way to

achi eve theoaboVepelfEolt an cheAmYASHYI SMd Olh Qo JLALT da fribpdi ment

of the present i W escri bed using he

vacuum sw t ghy, £ & hend higd enedi.pent shown in FIG 7, a fixed-side
end plate 103A having a concave part 104A is used instead of the
fixed-side end pl aheudf ditddi of a third embodiment of the present
invention will be described using FIG. 7.
5 In the vacuum switch of the third embodiment shown in
FIG. 7, a fixed-side end plate 103A having a concave part
104A is used instead of the fixed-side end plate 3A in the
vacuum switch 1 described in the first embodiment.

That is, in the fixed-side end plate 103A, the concave

10 part 104A having an inward recess is formed near a linkage
with the fixed-side ceramic insulating cylinder 2A; the
first coil spring 30 is disposed in the concave part 104A.

The axial width of the concave part 104A is preferably
equal to or smaller than the axial thickness of the first

15 coil spring 30, and the concave part 104A is preferably
deep enough to accept the first coil spring 30.

In this embodiment, not only the same effect as in the
first embodiment described above is obtained, but also the
first coil spring 30 caﬁ be fixedly fitted to the concave

20 part 104A formed on the fixed-side end plate 103ARA, securely
fixing the first coil spring 30.

Although only the fixed side has been described here,
the first ceoil spring 30 can also be securely fixed by
forming a similar concave on a movable-side end plate 103B.

25 A wvacuum switch of a fourth embodiment of the present



vacuum switch 1 described in the first enbodinent. That is, in the
fi xed-side end plate 103A, the concave 10part 104A having an inward
recess is forned near a |inkage with the fixed-side ceramc
insulating cylinder 2A; the first coil spring 30 is disposed in the
concave part 104A The axial width of the concave part 104A is
preferably equal to or smaller than the axial thickness of the first
15coil spring 30, and the concave part 104A is preferably deep enough
to accept the first coil spring 30. In this enbodi ment, not only
the sane effect as in the first enbodtnEnt- descri bed above is
obtai ned, but also the first coil spring 30 can be fixedly fitted to
the concave 20part 104A fornmed on the fixed-side end plate 103A,
securel y fixvmntim fWirldt beodesspibed Bding FIG.ABthough only the
fi xed side has been described here, the first coil spring 30 can al so
be securely fixBd the fuaaviurg swisichi bér tentave hormbodomabt eslsowte iend
plate 103B. 25A vacuum swi tch of a fourth enbodi nent of the present
- 17 - inveht%ordmid Ifixeddéddei bed mbitry 493@ p8rtially having a thin

part 204A is used instead of the fixzed-side end plate 103Aa

5 described in the third embodiment.

That is, in the fixed~side end plate 203A, the thin
part 204A, which is thinner than the other fixed-side end
plate 203, is used instead of the part in which the concave
part 104A is formed in the third embodiment; the first coil

10 spring 30 is disposed on the thin part 204A.

The axial width of the thin part 204A is preferably
equal to or smaller than the axial thickness of the first
coil spring 30 because the first coil spring 30 is disposed
thereon.

15 In this embodiment, not only the same effect as in the
first embodiment described above is obtained, but also the
first coil spring 30 can be fixedly fitted to the thin part
204A formed on the fixed-side end plate 2033, securely
fixing the first coil spring 30.

20 Although only the fixed side has been described here,
the first coil spring 30 can also be securely fixed by
forming a similar thin part on a movable-side end plate
203B.

A vacuum switch of a fifth embodiment of the present

25 invention will be described using FIG. 9.



In the vacuum switch of the fourth enbodi nrent shown in FIG 8, a
fixed-side end plate 203A partially having a thin part 204A is used
instead of the fixed-side end plate 103A 5described in the third
enbodi nment . That is, in the fixed-side end plate 203A, the thin
part 204A, which is thinner than the other fixed-side end plate 2083,
is used instead of the part in which the concave part 104A is forned
in the third enbodinent; the first coil 10spring 30 is disposed on
the thin part 204A The axial width of the thin part 204A is
preferably equal to or smaller than the,axial thickness of the first
coil spring 30 because the first coil spring 30 is disposed thereon.
151 n this enbodi nent, not only the sane effect as in the first

mbodi describ ' i ned - i b 1
0530, canSpEhPEfle ApOY Gt BB BRTcpliiks PR iR Tihd S8k 10

spring 30 can be fixed to the in part

fixed-side .pbate J03A e X fq : 460k} . SPE 30.
20Al t hough g%?y %hegfixedg%?ﬁgwﬁagybggnagg%%$$%é%ﬁﬁgﬁg,t%ﬁe9¥%§§h

coi | springs3@ecand ab 5o be3rsacurakY £f ¥ deod MG oAt LRI LR thin
part on a novabl e-side end plate 203B. A vacuum sw tch of

a fifth enbagiimpt g@fdd NE7 RIRSEALL2ELA¥ENERO M J1i 28 dBSeaLdes: Usidg
FIG 9. - 18 - In the vacuum switch of the fifth enbodi ment

shown Bn Fl Gix8d-sisPridrangt desdzatsndi sppsatkouashde bheriipedisi de
end plate 3A in the first enbodi nent so that the spring guide 37 does
not touch the oehat e surdacehel fihet SEbxXedsrstigey Ger agi 8ispssddtdmg
cylinder 2A but overlaps it
a part where the spring guide 37 does not overlap the
fixed-side end plate 3A. The first coil spring 30 is hooked
on the end of the outer circumference of the spring guide
10 37 and firmly fixed between the spring guide 37 and the
metalized surface of the fixed-side ceramic insulating
cylinder 2A. WwWhen a spring guide 37 that is different in
the length over which the spring guide 37 covers the fixed-
side end plate 3A in the axial direction and in the
15 thickness at a point where the spring guide 37 touches the
first coil spring 30 is used, the extent to which the first
coil spring 30 is hooked can be adjusted.
That is, when the length over which the spring guide 37
covers the fixed-side end plate 32 in fhe axial direction
20 is equal to or smaller than the axial length of the first
coil spring 30 and the thickness of the spring guide.37 at
a point where the spring guide 37 touches the first coil
spring 30 is increased, the first coil spring 30 can be

firmly fixed. The distance between the fixed-side end plate

25 32 and the spring guide 37, by which the first coil spring



at other parts., and the first coil spring 30 is disposed on a part
where the spring guide 37 does not overlap the fixed-side end plate
3A. The first coil spring 30 is hooked on the end of the outer
circunference of the spring guide 1037 and firmy fixed between the
spring guide 37 and the netalized surface of the fixed-side ceramc
insul ating cylinder 2A. Wien a spring guide 37 that is different in
the I ength over which the spring guide 37 covers the fixed- side end
plate 3Ain the axial direction and in the 15thi ckness at a point
where the spring guide 37 touches the_fjygst coil spring 30 is used,
the extent to which the first coil spring 30 is hooked can be

adj ust ed. That is, when the lI'ength over which the spring guide

37 covers thg {&xeskiadde iendBEalkgn B dduding Adakndi [ gFty '
equal to or smaller thanlthgraxial %@ng h of the fPrstEEJP%ﬂgég#ig 30

and the thi gkngssciofciessSRiE REcIEL H#8r Ibat pARagngowhere the spring
gui de 37 touches the first coil spring 30 is increased, the first

coi | spring 30 masobe drifg uskegedn Theadiwt ange bebwegnsthen
fi xed-side end plate 253A and the spring guide 37, by which the first
coi |l springembodfnent3@r ghRopkedent simraitarcabhy 1equal désc PibsRIdiay
than the axial thickness of the first coil spring 30.

5 FIG. 10.

In the second embodiment described above, the
circumferential lengths of the first coil spring 30 to the
third coil spring 32 are different. 1In this embodiment
shown in FIG. 10, however, the first coil spring 30 to the

10 third coil spring 32 have the same circumferential length.
Accordingly, the first coil spring 30 to the third coil
spring 32 do not need to be distinguished; it suffices to
manufacture only one type of coil spring, reducing
manufacturing costs., In addition, when coil springs are

15 attached, there is no restriction as to which of the first
coil spring 30 and third coil spring 32 must be placed
first, improving the ease of assembly.

Although a case in which three coil springs are used
has beén described in this embodiment, even wﬁen two coil

20 springs are used, the same effect can be achieved by making
the lengths of their circumferences equal.

A coil spring used in a vacuum switch of a seventh
embodiment in the present invention will be described using

FIG. 11.

25 Although the coil springs are united by uniting their



A coil spring used in a vacuumswitch of a sixth enbodinent in the
present invention will be described using 5FIG 10. In the
second enbodi nent descri bed above, the circunferential |engths of the
first coil spring 30 to the third coil spring 32 are different. In
this enbodi mrent shown in FIG 10, however, the first coil spring 30
to the 10third coil spring 32 have the sane circunferential |ength.
Accordingly, the first coil spring 30 to the third coil spring 32 do
not need to be distinguished; it suffices to manufacture only one
type of coil spring, reducing manufactuk®ng costs. In addition, when
coil springs are 15attached, there is no restriction as to which of
the first coil spring 30 and third coil spring 32 nust be pl aced
first, inprewnidagwibe Baseauoftiagsénbky40 in #id hidugtt &ocasethn which
three coil springs are used has been described in this enbodi nent,
even when tesbedineR0sprihwendise ofséle fhestarmllefdpedngcah bee made
achi eved by nmaking the |l engths of their circunferences equal. A
coi | springtaséace neach ihan emd vr18edatseywhic epodnmehisin t he
present invention will be described using FIG 11. 25Al t hough the
coi | sprlng§mQP€1ﬂ%P¥edSB?CGnFP?n@n@$mﬁqe madgoto EAES @weh Qher and
un|t|n l'ine 48 nthe first to sixth_enbodi nents, the ends_of the
first |I r ﬁﬁ Sﬁh%IE?Fﬁ%ﬂﬁltSnﬁécefeEE% R HerseaiRIeraesl Hinaiack
themin thi di meng . |nqe tgs are made ta facgpeach ot her

and 5we|ded§rPﬂeg?%r?ﬁ éﬁﬂ?t tﬁﬁ Eﬁ? iy ai@cefPniingt apt

need to be used, so there are no parts where electric field
concentration is likely to occur, such as the ends of the
coil spring and the ends of the uniting line, enabling
10 electric field concentration to be relieved.
Although the first coil spring 30 has been used as an
example in the above description, it will be appreciated
that application to the second and third ceil springs 31
and 32 are also possible.
15 A coil spring used in a vacuum switch of an eighth
embodiment in the present invention will be described using
FIG. 12.
In the coil spring used in the vacuum switch of the
eighth embodiment shown in FIG. 12, hooks 35X and 35Y are
20 formed at the ends of the first coil spring 30 and uniting
is carried out through the hooks 35X and 35Y. The first
coil spring 30 to the third coil spring 32 are united at
different positions.
According to this embodiment, since the ends are united

25 by hooking the coil spring, the ease of assembly is



fromthe united point 42 and the uniting |line 40 does not need to be
used, so there are no parts where electric field concentration is
likely to occur, such as the ends of the coil spring and the ends of
the uniting Iine, enabling 10electric field concentration to be
relieved. Al t hough the first coil spring 30 has been used as an
exanple in the above description, it will be appreciated that
application to the second and third coil springs 31 and 32 are al so
possi bl e. 15A coil spring used in a vacuumswitch of an eighth

embodi ment in the present invention will,be described using FIG 12.
In the coil spring used in the vacuumsw tch of the eighth enbodi nent
shown in FIG 12, hooks 35X and 35Y are 20forned at the ends of the
first coil i 0 ni_t | I s.carried.qut _through the hooks, K 35X
and 35Y. TthF%Qg?gboi §%r?n8986é?%F¥rﬁ£tﬁ%l dSES%Png?¥%g“%£}e &t

uni ted at dhﬁi?é@@ﬁ‘%gﬂé }dél , parts, %}%eﬁct?}%(ndiﬂ?% LRk £ the

enbodi nent, since t é% s ar ni Yy hooki ng the ¢bi I spring,

the ease ofo%ﬁéfn@éyliéﬁﬁgngélazeLgQEQngna§hﬂ&ﬁ:%H@ dhal! by el coll

springs are united at er ent rtirons, parts, other than't

ends, of thg.gkBerycoid SRIJUIGS 2hie1ROgbLEaNed eAY iheigads of the
hooks, where electric field concentration is |likely to 5occur,

relievisng thecgkectélfedim dHeoRaBEEALT Ple Bl ddiRentration at the

ends of the hooks.

An embodiment in which the vacuum switch 1 described in
the first embodiment is mounted on a vacuum switchgear will
be described using FiG. 13.

10 As shown in FIG. 13, a vacuum switchgear 66 in this
embodiment mainly comprises a switch unit 50, operating
mechanisms 53 and 54 for operating the switch 51 in the
switch unit 50, a three-phase bus 60 for supplying electric
power to the switch unit 50, a load cable 61, which is

15 connected to the switch unit 50 and supplies electric power
to a load side, a current transformer 62 connected to the
load cable 61, and a metering room 67 disposed at the top
in the vacuum switchgear 66.

The switch unit Sb comprises a vacuum switch 51 with a

20 double-break structure in which two contacts for a break
and disconnection are accommodated in a single vacuum
chamber, an earthing switch 52 connected to the load side
through the vacuum switch 51 and a conductor, and the solid
isolation resin 21 molded to integrate these members. The

25 vacuum switch 51 and earthing switch 52 each include the



ends of the hooks. An enbodi ment in which the vacuumsw tch 1
described in the first enbodi nent is nounted on a vacuum sw t chgear
w Il be described using FIG 13. 10As shown in FIG 13, a vacuum
switchgear 66 in this enbodiment mainly conprises a switch unit 50,
operating nechanisnms 53 and 54 for operating.the switch 51 in the
switch unit 50, a three-phase bus 60 for supplying electric power to
the switch unit 50, a |load cable 61, which is 15connected to the
switch unit 50 and supplies electric power to a |load side, a current
transforner 62 connected to the | oad eaBRe-61, and a nmetering room 67
di sposed at the top in the vacuum sw tchgear 66. The switch unit 50
conprises a vacuum switch 51 with a 20doubl e-break structure in which
two contact Fifret andr eakomtdeailssgnriegsi 60 ané 3tcofhedapedatina
si ngl e vacuum chanber, an earthing switch 52 connected to the |oad
si de t hr ougkechanigBubd s ar B ragiggamechdutsorfomiteakéngokind
isolation resin 21 nolded to integrate these nenbers. The 25vacuum
switch 51 ands€apnPRFh§NGWPEEEs SanshEhe appudelinhanechapd sm Hr &5 amd
second coil springs 30 and 31. The operating mechani sm53 is an
oper ati ng nOPREATIATT BECRARENE fPratdedr3ebhnegts e Parts, and the
operating nmechani sm54 is an operating nmechanismfor the earthing
swi t ch.”® 5Accor dAF§OESLDH| §°e?%bﬂi%ﬁ&,1“§i“ﬁces%ﬂ‘ée sWre ik usat S0
havi ng i sol ati on performance i nproved by di sposing the first coil
Spring 30 akd'SBEoREOTer {ORAITHFTHERCE HBRHOVSL VAL FMPSLPEN5ERr
having hi oh dssglabhon Lokl aPidd Lo LaBEaPE Whing 31 is useq, a
vacuum switchgear having high isolation reliability can be
provided.

10 It will be appreciated that the vacuum switchgear
according to this embodiment can use any of the structures
in the embodiments described above.

Although only a case in which two or three coil springs
are united has been descried in each embodiment described

15 above, a case in which even four or more coil springs are
united is also of course applicable. In this case, the
spacing between isoelectric lines at the angular part of
the insulating cylinder can be expanded, so the electric
field concentration on the aﬁgular part of the insulating

20 cylinder can be relieved.

Next, another vacuum switchgear of an embodiment in the
present invention, which is different from the above
embodiment, in which the vacuum switch 1 described in the

first embodiment is mounted in the vacuum switchgear, will

25 be described using FIG. 14. A vacuum switchgear 166



10It will be appreciated that the vacuum swi tchgear according to this
enbodi ment can use any of the structures in the enbodi nents descri bed
above. Al t hough only a case in which two or three coil springs
are united has been descried in each enbodi nent described 15above, a
case in which even four or nore coil springs are united is al so of
course applicable. In this case, the spacing between isoelectric
lines at the angular part of the insulating cylinder can be expanded,
so the electric field concentration on the angular part of the

i nsul ati ng 20cylinder can be relieved: Next, another vacuum

swi tchgear of an enbodiment in the present invention, which is
different fromthe above enbodi nent, in which the vacuumswtch 1
descri bed i actoeding sto dritisdiembntiimentohms ethd rsamiee staootmre as in
switchgear, will 25be described using FIG 14. A vacuum sw tchgear
166 - 23 -thecaheveEnhvdimcstedbodrheed Uring HEGsaidd, sexatudirey ahe n
t he above enbodi ment described using FIG 13, excluding the swtch
unit 150, s®vatetitted Heséei pt Feraided drsunintties Wele. beToritdhwid ch
unit 150 copprises vacuum swi tches 151A and 151B forming a

doubl e- br eak®E®ructure in which two contacts for a break and

di sconnection are acconmmodated _in different vacuum chanbers

{ , ) an
eart hi Ag swi t chT82 Tt t8d % d 50hEomBEHSS JE2 T Gk teRes v As LAimnd

swi t ches 15&@; nd 1518 and a ichnductor, and the solid isolation
resin 21 fo ﬁt %ﬁgﬂqgla double-break structure in which two contacts

for a break and disconnection are accommodated in different
vacuum chambers, an earthing switch 52 connected to the
load side through the vacuum switches 151A and 151B and a
10 conductor, and the solid isolation resin 21 for integrally
molding these members. The vacuum switches 1512 and 151B
and earthing switch 52 each include the first and second
coil springs 30 and 31 for their switches.
The switch unit 150 may have a vacuum chamber for each
15 contact in a double-break structure as in this embodiment,
for example, which is advantageous in that the degree of
flexibility in manufacturing is increased.
In this embodiment as well, the switch unit 50, in
which the first coil spring 30 and second coil spring 31
20 are disposed to improve isolation performance, is used as
in the embodiment of the vacuum switchgear described above,
so a vacuum switchgear having high isolation reliability
can be provided.
It will be appreciated that the vacuum switchgear

25 according to this embodiment can also use any of the



nol di ng these nenbers. The vacuum swi tches 151A and 151B and eart hing
switch 52 each include the first and second coil springs.- 30 and 31
for their swtches. The switch unit 150 may have a vacuum chanber for
each 15contact in a doubl e-break structure as in this enbodi nent, for
exanpl e, which is advantageous in that the degree of flexibility in
manuf acturing is increased. In this enbodi ment as well, the
swtch unit 50, in which the first coil spring 30 and second coi
spring 31 20are disposed to inprove isolation performnce, is used as
in the enbodi nent of the vacuum swi t chgdlar- descri bed above, so a
vacuum swi t chgear having high isolation reliability can be provided.
It will be appreciated that the vacuum sw tchgear 25according to this
enmbodi ment ghruciweuda ahy efbediment4lesartibgdt abevei m4 hiey the
enbodi ments descri bed above, as in the enbodi nent of the vacuum
swi t chgear ERYINEE afoF@e vacuum swidudiuesy ylegcsabediabattd.ch two or
three coil springs are united has been descried in each enbodi nent
descri bed 5abovERPUHSETLY BhFeacevenvisilt toro war EnEee | cabk i srysinase
united is al so of course applicable, In this case, the spacing

bet ween i sodfecitited hids beent HesehtgA at Sach Gf“bf’ﬁém@fh%ﬂeaﬁqrﬁ@ed
cylinder can be expanded, so the electric field concentratjion on the

angul ar partPfer e GaF8ULEt FRICA GRYAR HA¥E O&n™B&er 8PLb\RREINGS are

united is also of course applicable. In this case, the
spacing between isoelectric lines at the angular part of
the insulating cylinder can be expanded, so the electric
field concentration on the angular part of the insulating
10 cylinder can be relieved.
A vacuum switchgear according to a ninth embodiment of
the present invention will be described with refgrence to
FIGs. 15 to 20.
FIG. 15 is a structural diagram of the vacuum
15 switchgear 70 according to the ninth embodiment of the
present invention.
| In FIG. 15, the vacuum chamber 75 is formed by
including the substantially cylindrical isolating cylinder
72, which is manufactured from an insulating material such
20 as ceramic. The fixed electrode lead 76 and movable
electrode lead 77 are oppositely disposed in the vacuum
chamber 75. The fixed electrode 76a is attached to the
internal end of the fixed electrode lead 76, and the
movable electrode 77a is attached to the internal end of

25 the movable electrode lead 77. The fixed electrode 76a and



A vacuum swi t chgear according to a ninth enbodi nrent of the present
invention will be described with reference to FIGs. 15 to 20. FIG 15
is a structural diagramof the vacuum 15swi tchgear 70 according to
the ninth enbodi nent of the present invention. In FIG 15, the
vacuum chanber 75 is forned by including the substantially
cylindrical isolating cylinder 72, which is manufactured from an
insulating material such 20as ceram c. The fixed electrode |ead 76
and novabl e el ectrode |l ead 77 are oppositely disposed in the vacuum
chanber 75. The fixed electrode 76a is &t tached to the internal end
of the fixed electrode | ead 76, and the novable el ectrode 77a is
attached to the internal end of 25the novable electrode |ead 77. The
fixed el ectToviebldelantradepfia ppeamruiaomeddérpfaaaseperior

manuf actured froma superior electric conductor such as copper. The
fixed el ect BoBEtTAFOrBIUE CEUBEEANES afIBPed- Shapbiked e ldfiteiede lead
flange 76b is forned; the flange 76b passes through the fixed

el ectrode 5&hd PIsRStARtigddyt RedsEriRRD o ok c8i defdpngnel 61 difge
76b is fixed to the fixed el ectrode end plate 73, . The novabl e

el ectrode | g‘é\ﬁ“@dﬁ i JSrgst i’ 8P AP BRE HEREhsithel Aikgd akrrtdiosisosed

i hole fornmed in the vabl e el ectrode _end
;fa§2a$4'tT§§§§§f£€J"¥§%ggn% the sur%ace of one sgge of the flange 76b

is fixed to the fixed electrode end plate 73.

The movable electrode lead 77 is substantially rod-
shaped similarly, and disposed so that it passes through a
hole formed in the movable electrode end plate 74. The

10 movable electrode lead 77 has a bellows 78 disposed between
it and the movable electrode end plate 74 as an expansion
and contraction means. The movable electrode lead 77 is
connected to the movable electrode end plate 74 through the
bellows 78.

15 The movable electrode 77a makes and breaks a contact
together with the fixed electrode 76a through a moving
means (not shown). A hole is formed at the center of the
fixed electrode end plate 73, and the fixed electrode lead
76 passes tHrough the hole. A hole is also formed at the

20 center of the movable electrode end plate 74, and the
movable electrode lead 77 passes through the hole.

To hermetically seal both ends of the isolating
cylinder 72 of the wvacuum chamber 75, the fixed electrode
end plate 73 and movable electrode end plate 74 are secured

25 to the both ends of the isolating cylinder 72. When the



10novabl e el ectrode lead 77 has a bellows 78 di sposed between it and
t he novabl e el ectrode end plate 74 as an expansi on and contraction
means. The novabl e el ectrode |lead 77 is connected to the novabl e

el ectrode end plate 74 through the bellows 78. 15The novabl e

el ectrode 77a nakes and breaks a contact together with the fixed

el ectrode 76a through a noving nmeans (not shown). A hole is forned at
the center of the fixed electrode end plate 73, and the fixed

el ectrode | ead 76 passes through the hole. A hole is also fornmed at
t he 20center of the novabl e electrode_e?g plate 74, and the novable
el ectrode | ead 77 passes through the hole To hernetically seal
both ends of the isolating cylinder 72 of the vacuum chanber 75, the
fixed el ectrg I 7 b ectrode end _plate, 74 are
secured 25t0 tﬁtgﬁ % 2%%SI§ hegggglé i iy cylfﬁbéFC7§gpﬁﬁehsthe

20 - el ectT odas,d0aq ANt /iR ARANPhaCLOSEne ATHAIL MANBIcLRHENEY al ed,

whi ch contarinates the inner cCi I’CU eren sur ating

cylinder 724 é@g@gd&@g&y t he
el ectrodes 7ga and 577a, eligscgl%cm&% C?Q%ﬁ%%?%e @EFQ%’.&% %f/l ;Sander 72.

Silver brazicegti-s1 usietet® dd x »Mi%ﬁeeﬂéi&éeé Ot:ﬁéwel'e@%%d}é@ he far‘icbe

isolating cylinder 72. To prevent the resulting electric field

concensratlonaatlgf%é$uﬁﬁuruhd$@%tthstwﬁsibEiKbIé¥¥x%@b@97§y|'ﬁykyér72
and novabl e el ectrode end plate 74, 10an internal end shield 74s is

attached sobthainghes bi®sd "® fix these parts to the inner wall of the

isclating cylinder 72. To prevent the resulting electric
field concentration at the brazing part between the
isclating cylinder 72 and movable electrode end plate 74,
10 an internal end shield 74s is attached so that the brazing
part between the isolating cylinder 72 and movable
electrode end plate 74 is covered.
The movable electrode end plate 74 is made of, for
example, stainless steel; its coefficient of linear
15 expansion is 16.0 x 107%(1/K). The coefficient of linear
expansion of the iscolating cylinder 72 made of alumina or
the like, which is fixredly joined to the movable electrode
end plate 74, is 7.5 x 107%(1/K).
This difference in thermal physical value causes vastly
20 different free expansion or contraction during a molding
process in which heat is applied, generating thermal stress
at an end of the brazing interface.
This embodiment prevents the generation of thermal
stress by reducing the brazing area ¢of members manufactured

25 from materials having different coefficients of linear



part between the isolating cylinder 72 and novabl e el ectrode end
plate 74 is covered. The novabl e el ectrode end plate 74 is nade
of, for exanple, stainless steel; its coefficient of |inear
15expansion is 16.0 x 10-6(1/K). The coefficient of |inear expansion
of the isolating cylinder 72 made of alum na or the like, which is
fixedly joined to the novable el ectrode end plate 74, is 7.5 X
10-6(1/K). This difference in thermal physical value causes vastly
20di fferent free expansion or contraction during a nolding process in
whi ch heat is applied, generating thermal stress at an end of the
brazing interface. Thi s enbodi nent prevents the generation of
thermal stress by reducing the brazing area of nmenbers manufactured
25f r om mat eFRBRBSHaYi n§idcef éhencoebbidiaiitemtts ldnepr newpansiqy of the
expansion. Since the coefficient of |inear expansion of the isolating
|l ayer 79, whPehatin®2lawend e Mhieh1ir)22i%0 |t gellf dili/Kereds from

t he coeffic;ent of |jnear expansion of the isolating_cylinder 72, it
¢

i s necessar YAF8e Y eVente e fdoR thenFoet hififaterch édnpart awpansion

i solating layer. 79, Accordingly, a stress relieving |ayer 72a (nade
of silicone°¥ugﬁ ri qqﬁ?qié&%&nﬁ§rcg3teﬂtcﬁﬁt4ﬁ9%ﬁﬂﬁ§¥ §8rPEREEHEN R

cpoe b | heckagk ohing DGRt T2, 0L P4 02 o s agu
brazing parkccordingly, a stress relieving layer 72a (made of silicone
rubber or the like) is coated on the outer surface and ends
of the isolating cylinder 72.
On the outside of the vacuum chamber 75 as well,

10 electric field relief is required in the brazing part
between the isolating cylinder 72 and movable electrode end
plate 74, so the external end shield 74e is fixed. An
attachment means between the external end shield 74e and
movable electrode end plate 74 is not brazing; the external

15 end shield 74e having a concave part 74c, which is
concentric with the movable electrode end plate 74, and the
movable electrode end plate 74 having a convex part 74b are
mutually fitted and fixed. Accordingly, after the vacuum
chamber 75 is formed by brézing the isclating cylinder 72,

20 fized electrode end plate 73, and movable electrode end
plate 74, the stress relieving layer 72a covers the outer
circumference of the isolating cylinder 72. After the
stress relieving layer 72a has been formed up to the ends
of the isolating cylinder 72, the external end shield 74e

25 is provided.



between_the isolating.cylinder 72 and novabl e el ectrode end plate 74,

so the external end shield 74e is fixed. An attachnent neans between
the external end shield 74e and novabl e el ectrode end plate 74 is not
brazi ng; the external 15end shield 74e having a concave part 74c,
which is concentric with the novable el ectrode end plate 74, and the
novabl e el ectrode end plate 74 having a convex part 74b are nutually
fitted and fixed. Accordingly, after the vacuum chanber 75 is forned
by brazing the isolating cylinder 72, 20fixed el ectrode end plate 73,
and novabl e el ectrode end plate 74, thejsgtress relieving |ayer 72a
covers the outer circunference of the isolating cylinder 72. After
the stress relieving |layer 72a has been fornmed up to the ends of the

isolating cylin Nndaa! d i IS spAvi ded -
28 - The brggﬁnégﬁéiﬁgdgfaiéﬁ%fﬁ%%iEgﬁa?%ﬁbﬁéﬁFfﬁﬁéﬁB9§¥aﬁg and
movabl e el eabtagge cate A Thd P1hRES78MDOM I terdddinBRLdG$EL ihed

again with reference to a magnified view (magnified view encl osed by

a circle). Haeceopsavegdal twitdC reFeh-enfBdr &M tiRRy QUL cNd shi el d
74e so as to face the convex part 74b formed on the novabl e el ectrode

end plate 74magherdésteleenhcl4deadl bivhe exterdal end sbhed ek t 74c
ext ends beyond the outer dianeter of the isolating cylinder 72, with

respect to thefopmadl en efrectaxadenandepliasei d¥d 106G posedtbnieds agied v
bel ow the isolating cylinder 72, and further extends beyond the
stress relievhngzl pyet 74a filirspased ohethevahiterel@ateronkeentdcelofe t he
i solating cylinder 72.
74. The distal end 74a of the external end shield 74e
extends beyond the outer diameter of the isoclating cylinder
72, with respect to the movable electrode end plate 74
10 disposed immediately below the isclating cylinder 72, and
further extends beyond the stress relieving layer 72a
disposed on the outer circumference of the isolating
cylinder 72.
The detailed structure of the external end shield 74e
15 will be described with reference to FIGs. 16 and 17.

FIG. 16A is a perspective view of the concave part 74b
of the electrode end plate 73, 74 described in the ninth
embodiment, and FIG. 16B is its plane view.

FIG. 17A is a perspective view of the convex part 74c

20 of the external end shield 74e described in the ninth
embodiment, and FIG. 17B is its plane view.

In FIGs. 16A, 16B, 17A, and 17B, the convex part 74b,
shown in FIGs. 16A and 16B, of the movable electrode end

plate 74 and the concave part 74c¢, shown in FIGs. 172 and

25 178, of the external end shield 74e are manufactured by



The detailed structure of the external end shield 74e 15wl | be
described with reference to FIGs. 16 and 17. FIG 16Ais a
perspective view of the concave part 74b of the el ectrode end plate
73, 74 described in the ninth enbodinent, and FIG 16B is its plane

Vi ew. FIG 17A is a perspective view of the convex part 74c
200f the external end shield 74e described in the ninth enbodi nent,
and FIG 17B is its plane view In FIGs. 16A, 16B, 17A, and 17B,

t he convex part 74b, shown in FIGs. 16A and 16B, of the novable
el ectrode end plate 74 and the concave 4fart 74c, shown in FIGs. 17A
and 2517B, of the external end shield 74e are manufactured by - 29 -
machi ni ng and/ or casting. A process of attaching the convex part
74b of the FdvabMaelaed/osdeashingl ate 74 and the concave part 74c of
the external end shield 74e will be described bel ow. 5The external
end shield 74e # PIRETS SedthBChhRY cHhe WABIEN G4t 78heohothom of
the novabl e el ectrode end plate 74 so that the convex part 74b of the
novabl e el eBYY ShreE ndaRtptonth AR dhe PaBcaye (Bartextdsr RA
end shield 74e are noST al i,gned 't+1 eac_t]to her. The 10external end
shield 74e RS SPIER ﬁ@doﬁgé?w% te ot khdeerserrobed el Y at e 74
until the exterpal end shi.eld 74g.touches the end.of the isolating
cylinddr 72. Th % %%hgrnal end sglefﬁl$ﬁ% ig posil 1one5 at ghe
circumference at the bottom of the movable electrode end
plate 74 so that the convex part 74b of the movable
electrode end plate 74 and concave part 74c of the external
end shield 74e are not aligned with each other. The
10 external end shield 74e is slid on the outer wall of the
electrode end plate 74 until the external end shield 74e
touches the end of the isolating cylinder 72. Thén, the
external -end shield 74e is turned, centered around the
axial direction of the vacuum chamber 75, so that the
15 concave part 74c of the external end shield 74e and the
convex part 74b of the electrode end plate 74 are mutually
mated. With the concave part 74c of the external end shield
74e and the convex part 74b of the electrode end plate 74
mﬁtually mated, the entire vacuum chamber 75 is molded by
20 the isolating layer 79 shown in FIG. 15.
As for the shape of the external end shield 74e in FIGs.
17A and 17B, the external end shield 74e is provided along
the curved surface of the external end. The distal end 74a

of the external end shield 74e is positioned toward the

25 isolating layer 79 beyond the external wall of the



external _end_shield Z4e jis turned. centered around the axi al
direction of the vacuum chanber 75, so that the 15concave part 74c of
the external end shield 74e and the convex part 74b of the el ectrode
end plate 74 are nutually mated. Wth the concave part 74c of the
external end shield 74e and the convex part 74b of the el ectrode end
plate 74 nmutually mated, the entire vacuum chanber 75 is nol ded by
20the isolating layer 79 shown in FIG 15. As for the shape of
the external end shield 74e in FIGs. 17A and 17B, the external end
shield 74e is provided along the curvedzgurface of the external end.
The distal end 74a of the external end shield 74e is positioned
toward the 25isolating | ayer 79 beyond the external wall of the - 30
- isolati ngi@ﬁhb@ﬂﬁ‘d{; L 1 GO NOAYGoddh &, eliaCthbCo T & 0 Staiengt h
of the electric field generated in the brazing parts between the ends
of the isol atiraggel! ondtHe B2 ctdikheiel @ Ch&sier tatias thd, baszsheWn in
FI Gs. 20A and 20B, the 5peak value in electrode strength in FI 20B
showi ng t hi paerbodétesdn itthd keider esebhe | IWETH1 0Ty iy 1iaveE thaind i
standard electric field shown in FIG 20A, in which a conventi onal
structure tlkabckacls plhetextir,nals endwshiel TicHle 2082 Baad20BN the
experinental result showed a 33% reduction). _

5 peak value in electrode strength in FIG. 20B showing this

embodiment in the present invention is lower than in a
standard electric fieid shown in FIG. 20A, in which a
conventional structure that lacks the external end shield
74e is used {(an experimental result showed a 33% reduction).
10 FIG. 18 is a partial cross sectional view of a vacuum
switch of a vacuum switchgear to which a shield plate is
attached, showing a tenth embodiment in the present
invention.
In FIG. 18, on the outside of the vacuum chamber 75 as
15 well, electric field relief is regquired in the brazing part
between the isclating cylinder 72 and movable electrode end
plate 74, as in the ninth embodiment. Accordingly, when the
external end shield 74e is attached, an attachment means
between the external end shield 74e and movable électrode
20 end plate 74 is not brazing; the external end shield 74e
having a concave part 74c¢, which is formed outside the end
of the vacuum chamber 75 and is concentric with the movable
electrode end plate 74, and the movable electrode end plate
74 having a convex part 74b are mutually fitted and fixed.

25 The convex part 74b of the movable electrode end plate



10FIG 18 is a partial_graoss.sectional view of a vacuumswtch of a

vacuum swi t chgear to which a shield plate is attached, showi ng a
tenth enbodi nent in the present invention. In FIG 18, on the outside
of the vacuum chanber 75 as 15well, electric field relief is required
in the brazing part between the isolating cylinder 72 and novabl e

el ectrode end plate 74, as in the ninth enbodi nent. Accordingly, when
the external end shield 74e is attached, an attachnent neans between
the external end shield 74e and novabl e el ectrode 20end plate 74 is
not brazing; the external end shield Z4e;having a concave part 74c,
which is forned outside the end of the vacuum chanber 75 and is
concentric with the novable el ectrode end plate 74, and the novabl e

el ectrode end phat ehd4chaving ;aa&owexoeafﬁe74&&&%1%&%%%1&%@
and fixed. 25The convex part 74b of the nmovabl e el ectrode end plate€

- 31 - 74 apditheagonsiyen pal tthedmaghitheqexiay nal rared shiekde 74e,
which are shown in the magnified viewin FIG 18, are manuf act ur ed

t hrough, fonaaxaapteredl @stdieg,0rdirngxambldpusginsdin Elo@mlﬂz% t he
convex part 74b of the novable 5el ectrode end plate 74 is formed over

3600 al ong mBhehenthy eiwi FIBNTIET, ennte, coNesx | pa itV 4 JIORBeCROVEXIPArt S
74b are fornmed, fixing is possible in this enbodinent. In their
at t achisent , eékastode deidrpiticoV4die forkedfotdie IxdivaXoparihe dntdfre
t he novabl e el ectrode end plate 74 and the concave 10Opart 74c of the
ext ernal endishimfdrddee cavdie iifsédo or more convex parts 74b are
formed, fixing is possible in this embodiment. 1In their
attachment, elastic deformation due to R of the convex part
74b of the movable electrode end plate 74 and the concave
10 part 74c of the external end shield 74e can be used.
Accordingly, in this embodiment, the external end shield
74e is slid on the outer wall of the movable electrode end
plate 74 in the direction 81 of insertion into the
electrode end plate 74 until the external end shield 74e
15 touches the end of the isolating cylinder 72, so that the
concave part 74c of the external end shield 74e and the
convex part 74b of the movable electrode end plate 74 are
mutually mated.
FIG. 19 1s a partial cross sectional view of a vacuum
20 switch of a vacuum switchgear to which a shield plate is
attached, showing an eleventh embodiment in the present
invention.
In the eleventh embodiment in FIG. 19, the external end

shield 74e is positioned so that it extends up to the

25 outside of the wacuum chamber 75; the external end shield



Accordingly, in this enbodi nent, the external end shield 74e is slid
on the outer wall of the novable electrode end plate 74 in the
direction 81 of insertion into the electrode end plate 74 until the
external end shield 74e 15touches the end of the isolating cylinder
72, so that the concave part 74c of the external end shield 74e and

t he convex part 74b of the novable el ectrode end plate 74 are
mutually mated. FIG 19 is a partial cross sectional view of a vacuum
20 switch of a vacuum switchgear to which a shield plate is attached,
showi ng an el eventh enbodi ment in the pt@sent invention. In the

el eventh enbodinent in FIG 19, the external end shield 74e is
positioned so that it extends up to the 25outside of the vacuum

chanber 75; 7tRelexiuiingd h@ SArERJthat 3bs bente sios apoEAREOHSE dLhF at e
that is ben£ so,as to c?yer thetbrazin part between the isolating
cylinder 72°5AERKRATTalPENESThEBL A 7282 1R ildPdPTedd 724 dftemmel
end of 5t heSt oG T ke S5 GRheid (e EnFEr HFF RO TS GRAR: A
cyll der 728 Bicen s dREhigdooipes e AL Blale e or
b a9, o e S B B LA R,
O o i i ind i e vl S e PO, T e
the magnifi ggié(itf%liapcézlh%s :‘Iagcu(f:@QtQ?e W aa(}{d“”i%d fE%QHQQs g%late
bent so as to cover the brazing part, significant electric
field relief can be expected inside and outside the vacuum
10 chamber 75.

Although the state of the convex part 74b of the
movable electrode end plate 74 and the concave part 74c of
the external end shield 74e, which are shown in the
magnified view in FIG. 19, can be manufactured through, for

15 example, plastic forming, the movable electrode end plate
74 has two or more convex parts. Their attachment is the
same as in the tenth embodiment; the elastic effect of the
state of the convex part 74b of the electrode end plate 74
and the state of the concave part 74c¢c of the external end

20 shield 74e is used. That is, the external end shield 74de is
slid on the outer wall of the movable electrode end plate
74 in the direction 81 of insertion into the electrode end
plate 74 until the external end shield 74e touches the end

of the isolating cylinder 72, so that the concave part 74c

25 of the external end shield 74e and the convex part 74b of



15 exanpl e, plastic formng, the novable el ectrode end plate 74 has
two or nore convex parts. Their attachnment is the sane as in the
tenth enbodi nent; the elastic effect of the state of the convex part
74b of the electrode end plate 74 and the state of the concave part
74c of the external end 20shield 74e is used. That is, the external
end shield 74e is slid on the outer wall of the novable el ectrode end
plate 74 in the direction 81 of insertion into the el ectrode end
plate 74 until the external end shield 74e touches the end of the
i solating cylinder 72, so that the conca¥e part 74c 250f the external
end shield 74e and the convex part 74b of - 33 - the electrode end
plate 74 are nutually nated. The isolating |ayer 79, which is
manuf act ur edher BARFEEPFE 0ING I dtick d 4ande hadtea bhegiatiesled t hi ckness,
is formed around the outer circunference of the vacuum chanber 75.
5Then, there isTR®r L8R #RHRT daNBar’dnc¥PAE) be PR HEAFTUFeChé rom
isolating layer 79, so it , is difficult to use a, conplex shape such as
convexes and<€dRcibeslasl i a8 desap BRSPS Hred HAAGKRGS Y chanbeimed.
I f, however, a strgcture in which_the bomdfsqg ed centr IPEhie%g 80
i s used for 2EPEREY F€ 1974 FHETELTFRENRT | ST At Ty™ &;@ 98, 'as an
ordi nary structur there is .a,risk . that. a_clearance.may be generated
when tRe 1 sOPERT ngRPEg el 70 TeX 5PRbaY TR THIGe Bkt SPnsPTeRd Shi Bits
74e shown IQSEEQ%EHg layer 79, so it is difficult to use a complex
shape such as convexes and concaves as the external shape
of the vacuum chamber 75. If, however, a structure in which
the bowl-shaped central shield 80 is used for electric
10 field relief in the isolating layer 79, as an ordinary
structure, there is a risk that a clearance may be
generated when the isolating layer 79 is formed.
The three external end shields 74e shown in these
embodiments each have a large curved surface at the distal
15 end 74a of the external end shields 74e with the concave
part 74c, and are positioned closer to the inside of the
isolating layer 79 than the outer circumferential wall of
the isolating cylinder 72. Accordingly, electric field
relief can be expected without a complex structure having,
20 for example, a large bend. Furthermore, since conductive
paint is applied to the surface of the external end shield
74e and the surface of the movable electrode end plate 74,
even if peeling occurs in the isolating layer and in the

contact interface between the concave part 74c of the

25 external end shield and movable electrode end plate 74,



enbodi ments each have a large curved surface at the distal 15end 74a
of the external end shields 74e with the concave part 74c, and are
positioned closer to the inside of the isolating |ayer 79 than the
outer circunferential wall of the isolating cylinder 72. Accordingly,
electric field relief can be expected without a conplex structure
havi ng, 20for exanple, a |arge bend. Furthernore, since conductive
paint is applied to the surface of the external end shield 74e and
the surface of the novable el ectrode end plate 74, even if peeling
occurs in the isolating layer and in thé%éntact interface between
the concave part 74c of the 25external end shield and novabl e

el ectrode end plate 74, - 34 - insulation performnce can be
ensured. - L;laéllginm?erformance can be ensured.



1. A vacuumswi tch having a fixed el ectrode, a novable el ectrode
facing the fixed electrode, an insulating cylinder (2A 2B), end
plates (3A, 33) covering both axial ends of the insulating cylinder,
a vacuum chanber internally accomodating the fixed el ectrode and the
nmovabl e el ectrode, a solid isolatior Besikn (21) nol ded on it he outside
of the vacuum chanber, one or nore first coi'l springs, each of which
i s disposed around the outer circunference of one end plate' while
touching the gpgirgsate and an end face of the insulating cylinder, an
one or nore second coil springs, characterized in that each of the
one or nore second coil springs is united to one of the first springs
and di sposed 4 oWndathenpswitch bevingid fikedadeotroteea mavablei ng
cylinder so as t : t he: : f the
hsul'at i ng. oyt i ngdfcfafe anelng RpdRALtrBle! ARIRUAIAGTA |
i nsul ating cyl i ndeder 34, ), end plales @%oﬁ’@?c@ﬁ\!@'l%rbq{ﬁs are
el ectrically conagelefdsaf fidmatatingioytintien aosondimenan-cl aim 1,
erein netali zi I.s applied to the ces: irection
of the insulatinggﬁyﬂﬁﬁﬁ@wyaﬁac?ﬂgngﬁgﬂﬁgaﬁggﬁnﬁﬁ%%ﬂggﬁQQ?hinner t han

the insul ati ng cghidnites mavableoeledrade t aeseliti iselatisnoresife
. e O - , .
nsul ating oyl neefy wldifed B dcssiHes oA B aLLamohamBds vacuum

swi tch accordi ng ) erein.,a third cqil, spring (32), which
is united to theogec@rnfﬂQf@iﬂ“'5§&qlln@”mgsdeéﬁeéﬁd’vgﬁc%u'ﬁdg'tsﬁe out er

ci reunf er ence of pbigq! ARl t Suter wiwuAETENCocof bhedendi | spr i ng
is electrically necied.to the sec i i - _ 4. The
vacuum swi t ch aCEg?R@i\H '?éo‘éf’éﬂg %e %&éﬁé%%@%@dfﬁ?@ havi ng an
i nward recess i sof theeguteting aylbnder, &g 5BE Or SIOTHEEeAR gPlte, on

i o the end pl abanls BiRASEeLAzbMein Mt dchgorhe g orand (e

first coil sprin spose t he concav art. The ;vacuum

swi tch accor di ngMareEesend CORAMEIGS o ‘t‘ﬂﬁﬁgﬁgroﬂ'\,e Qﬁg%ﬁfsst t hi nner
than other partsgpiifghoangdispasethargursdithei ogter ydircuraienf the end
plate, and the first cpil - ii | art of the
end plate. 6. Th@n9§cﬂﬁ#$§aﬁ%@ﬁgg§€89gﬁ§§f?§ %FJFQ????nggein a
spring guide. isadsfargeatt ofithe aadface shihginguating PKIRdShe spri ng
gui dle ?_095 nolt' Oéﬁﬁ’;?%t Ehe ﬁ?@eé{' @ifeﬁ@aﬂade@?oﬁﬂ? framiaﬁhg;he .

i nsul ati ng cylinder but overl aps e en : s, an e
first coil sprin§Y$ eh E eﬁﬁg%éﬂg %&%ﬁ@géﬁﬁgéﬂﬁﬂgﬁiﬁﬁéng gui de
does not overl apelgctriéallglmerwmmem switch according to Claim1 or 3,
wherein the circunferential length of the first coil is shorter than

the circunferential |engths of the second,and third coil springs.
2. The vacgum switch according to %C’alm 1, pring

wherein metalizing is applied to the end faces in the
axial direction of the insulating cylinder and the end
plates, which are thinner than the insulating cylinder,
are joined to the end faces of the insulating cylinder,
the end faces being metalized.

3. The vacuum switch according to Claim 1,
wherein a third coil spring (32), which is united to the
second coil spring, is disposed around the outer cir-
cumference of the insulating cylinder, and the third
coil spring is electrically connected to the second coil

spring.



8. The vacuum switch according to Claim1, wherein each of the coil
springs has the same circunferenti al Iength 9. The vacuum sw tch
according to Claim1, wherein each of t spring coils is forned in a
doughnut shape by using a netal wire nenber that is wound in a spiral

shape, the ends of_the coil spring being united by a uniting |ine,
j oi ned by wel dithg, T &ﬁe viatiean switebaesording & ﬁ}lamnt’lhe | ast case at

| east the first cowherpin @%@ﬂ@b@@@a‘%ﬁﬁ@(} gwﬁyfﬁ%rra s jaooked at

di fferent position gear accor0J| ng to
Claim1, conprisi ﬁem?ﬂge@éé ﬁ?ﬂ@?ﬁﬁeéﬁ Rliatagomedrghi sm f or
operating the vac

emdtpdate i3 b:razeﬂcto thenmsylatisgyviinidercangwer to
vacuum sw toh. i T A ESHAG fo %%%7@?*?58&3%%&92# 10 The

vacuum swi t ch, whi
vacuum sw tchgear accordi ng to cI ai m 10, wherein the vacuum swi tch

g o vacuam Shapte Vgl et dRe 0RO & o il g 1o G ai m
si ngl e vacuum cha
10, gvvherel n the v%ﬁﬁflﬁ’%\ﬂ WHH@&@%‘N& ?t 'I’?é‘%ig’h@'&éﬂ Reppaiiden fi xed
el ectrodes and novafdrmetersardde insulatindicylindensf thacitdphitanber .
and the first coil spring is disposed on the thin part
of the end plate.

6. The vacuum switch according to Claim 1,
wherein a spring guide-is disposed outside the end
plate so that the spring guide does not overlap the
end plate near the end face of the insulating cylinder
but overlaps the end plate at other parts, and the first
coit spring is fixed to the end plate where the spring
guide does not overlap it.

7. The vacuum switch according to Claim 1 or 3,
wherein the circumferential length of the first coil is
shorter than the circumferential lengths of the sec-
ond and third coil springs.

8. The vacuum switch according to Claim 1,
wherein each of the coil springs has the same cir-
cumferential iength.

9. The vacuum switch according to Claim 1,

wherein each of the spring coils is formed in a dough-
nut shape by using a metal wire member that is
wound in a spiral shape, the ends of the coil spring
being united by a uniting line, joined by welding, or
united by hooks, wherein in the last case at least the
first coil spring and the second coil spring are hooked
at different positions.



- 37 -

10. A vacuum switchgear according to Claim 1,

11.

12.

comprising,

the vacuum switch, an operating mechanism for op-
erating the vacuum switch, a bus for supplying eléc-
tric power to the vacuum switch, and an electric pow-
er cable connected to the vacuum switch, which sup-
plies electric power to a load side.

The vacuum switchgear according to claim 10,
wherein the vacuum switch has contacts between
fixed electrodes and movable electrodes in a single

vacuum chamber.

The vacuum switchgear according to Claim 10,
wherein the vacuum switch has one of the contacts
between fixed electrodes and movable electrodes in

a different vacuum chamber.,



