- 1 - TITLE OF THE | NVENTI ON VACUUM SW TCH AND VACUUM SW TCHGEAR BACKGROUND
OF THE INVENTION 5 [Field of the Invention] The present invention relates to
a vacuum switch and a vacuum sw tchgear, and nore particularly relates to a
vacuum swi tch and a vacuum swi tchgear that are suitable when the

ci rcunference of a vacuum chanber accommodating 10 the switch unit is

i sol ation-nol ded. [Description of Related Art] A vacuumswitch is a switch
that utilizing high-vacuum isolation performance; a conpact, SF6 gasl ess
switch can be achieved. 15 Some vacuum iwl tches have isol ation performance
i mproved by not only vacuum insul ati on but al so by the use of a double

| ayered isolating structure in which the <circunference of the switch
chanmber is covered with solid isolation resin. 20 Wen the circunference of
the swit ch TCHdib&E GtHE HAVVEMECIRIM switch is covered with solid isolation
resin, however, an electric field is concentrated at the ends of an

i nsul ati ng VAAYRHSWIIEAE ANt P Dh S GRIEAFhanber,  causi ng diel ectric
breakdown to be likely to occur. 25 Accordingly, a vacuumswitch in which

t he circunference

BACKGROUND OF THE INVENTION
5 [Field of the Invention]

The present invention relates to a vacuum 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 accommodating

10 the switch unit is isolation-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 also 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 Accordingly, a vacuum switch in which the circumference



- 2 of the switch chanber is covered wth solid isolation resin and relief
of electric field concentration at the ends of the insulating cylinder is
considered is described in Patent Docunent 1. 5 Patent Docunent 1 discl oses
a vacuumswitch in which electric field relieving shields, each of which is
formed in a doughnut shape by connecting both ends of a spiral spring nade
of conductive netal or resin, are disposed at the ends of an insulating
cylinder internally including a 10 fixed el ectrode and a novabl e el ectrode
to constitute a vacuum chanber and then_,these electric field relieving
shiel ds are covered by nol ding, so that électric field concentration at the
ends of the isolating layer is relieved. 15 Patent Docunent 1: Japanese

Pat ent Lai d-open No. 2005- 197061 SUMVARY OF THE | NVENTI ON However, the
structure dilsdbssedittipgaiPandmeitveredo’ it probl et iien kasifecause
t he doughnut -shaped electric field relieving shield disposed at each end of
the insul @&lhgFeyishder Hectarigogimit asrForthiean Bt denmsds mf bot h
ends of a single spiral spring, the angular part at the end of the

i nsul at i ng ©A igsratE@narnehinge 5 el @nyide k| ip idespsibadbnident r at ed,

cannot be covered and
Patent Document 1.

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 1: 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 field is most concentrated, cannot be covered and



- 3 thereby an electric field is concentrated on the angular part at the
end of the insulating cylinder, which may lead to dielectric breakdown.
Accordi ngly, an object of the present inventionis to 5 provide a vacuum
switch and a vacuum swi tchgear 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 vacuumsw tch
of the 10 present invention has a fixed el ectrode, a novable el ectrode
facing the fixed electrode, an insulatimng -cylinder, end plates covering
both axial ends of the insulating cylinder, a vacuum chanber internally
accommodating the fixed el ectrode and the novabl e el ectrode, 15 and a solid

i sol ation regirapiphded1ertt-he gytside sotohbkentracdemeghamennggharact eri zed
inthat, a first coil springs, each of which is disposed around the outer

circunferencetoht @Re end Blrateoihlse kUl RY1kAGeNd uBlidhe rand 1@agend face
of the insulating cylinder, and a second coil “springs, each 20 of which is

united to ene qkithe fir st-cSRELRYS and di sposed around the outer
circunference of the insulating cylinder so as to cover the angular part of

the end face ofadhgq:ifsy atiNgBudndsr +and the &nd plates, the (gnd faces
of the insulating cfllnﬁér, ané)the first agﬁisecong'cgﬁ

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
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

25 springs are electrically connected.
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25 springs are electrically connected. 4 To achieve the above object, a
vacuum swi t chgear of the present invention has a vacuum chanber forned by
hermetically connecting a fixed el ectrode end plate and a novabl e el ectrode
end plate to both ends of an isolating 5 cylinder, a fixed el ectrode | ead
and a novabl e el ectrode |ead oppositely disposed in the vacuum chanber, a
fixed electrode attached to an end of the fixed electrode |lead, and a
novabl e el ectrode attached to an end of the novable electrode |ead,
characterized in that, 10 the vacuum sw tchgear has an external end shield
di sposed around the outer circunference 8f "a connecti on part between the
isolating cylinder and the novable electrode end plate, a first fitting
part disposed on the inner circunferential surface of the external end
shield, 15 and B sxe®FRIVe i t1¢ mpPpes tokli sposed vrcele W ekehdrir end tipt ate
for facing the first fitting part, and both of the first fitting part and
t he second Hiaagnly jparantdran masua [Macyun tankgre oratingy thay t he vacuum switch
and the vacuum 20 sw tchgear of the present invention, the angular part at
the end of hewmetnisid bty neproyddtnider aafi el coldertedhds cerah pledtectaridc field i s
not concentrated on this part, dielectric breakdow is suppressed, and
t her eby i solatdlole resldcthidde yend plate to both ends of an isolating
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 wvacuum
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
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is inproved. 25 5 - BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a cross
sectional view of a vacuumswitch showing a first enbodinent in the present
invention. FIG 2 shows a coil spring used in the vacuumswitch of 5 the
first enbodinment in the present invention shown in FIG 1. FIG 3 is a
magni fied view showing a united state at the termnal ends of the coil
spring shown in FIG 2. FIG 4 shows a state in which two coils springs used
in 10 the vacuumswitch of the first enbodinent in the present invention
are united, the two coil springs having different circunferential |engths.
FIG 5is a partially magnified cross settion of the fixed-side ceramic
insulating cylinder in the vacuumswitch 15 of the first enbodinent in the
present invention shown in FIG1. FIG 6 is a magnified partial cross

sectional AR oY CRIBEES e Te8T ARAWINGS Ul ating cylinder in the vacuum

swtch show ng a second enbodi ment of the present invention. 20 FIG 7 is a
magni fi ed partifal® crbsss sectiohalSsG eVl 7199 xeld-&i TR wEt s et Gthsul ati ng

cylinder in the vacuumsw tch showing a third enbodi nent of the present
i nventi on. 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 coil 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. 6 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 wvacuum 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.



FIG 8 is a magnified partial cross sectional view of a fixed-side ceramc
insulating cylinder in the vacuumswitch 25 show ng a fourth enbodi nent of
the present invention. 6 FIG 9 is a magnified partial cross sectional view
of a fixed-side ceramc insulating cylinder in the vacuumswi tch showi ng a
fifth enbodi mrent of the present invention. FIG 10 shows a coil spring used
in the vacuumswitch 5 of a sixth enbodinment in the present invention, in
which three coil springs having the sanme circunferential length are

united. FIG 11 is a partially magnified_view showing a coil spring used in
the vacuum swi tch of a seventh enbodi nent’ in 10 the present invention. FIG
12 is a partially nmagnified view showing a coil spring used in the vacuum

switch of an eighth enbodi ment of the present invention, in which three
coi|l springs arelCun?t®d. 2 mrerE 198 Parhiphrerafs cposkicret i vhaY 9f av of a
vacuum sw tchgear in which the vacuumswitch in the first enbodi ment of
the presentfiFR@dniidh seramumtieruiatgnaysindgarin dheraeuwectidmdl vi ew
of another vacuum switchgear in which the vacuumswitch in the first 20
embodi ment VIO HEI pr el | eeedineint oot dte |G U5 ety 0ss secti onal

vi ew of a vacuum swi tch of
FIG. 10 shows a coil spring used in the wvacuum switch

5 of a sixth 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 0of a concave part of an

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



a vacuum swi tchgear showi ng a ninth enbodiment in the present invention.
FIG 16A is a perspective view of a concave part of an 25 electrode end
plate used in the vacuumswitch of a ninth - 7 enbodinment in the present
invention, and FIG 16B is its plane view FIG 17A is a perspective view
of a convex part of an external end shield used in the vacuumsw tch of the
ninth 5 enbodinent in the present invention, and FIG 17B is its plane
view FIG 18 is a cross sectional view of a vacuumswi tch of a vacuum

sw tchgear showi ng a tenth enbodi nent in,the present invention. 10 FIG 19
is a cross sectional view of a vacuum swi tch of a vacuum switchgear show ng
an el eventh enbodi ment in the present invention. FIGs. 20A and 20B
respectivel WeI ectric field strength in an ordinary node and a node in

the enbodi fserbtf Jtrhetl"t?r SE&ERET VERS o For A8 sorPB BBTAINSED

DESCRI PTI ON .CF THE PREFERRED EMBCDI MENTS A first enbodl ment of a vacuum

swit ch accdtdfify Wi&"the present invention will be described using FIGs. 1
to 5. 20 As shown in FIG 1, the vacuumsw tch 1 in the first enbodi nent of
the present invieHii oh/AubstameaiPSCebifrises 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.

DETAILED 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 6A 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.



a vacuum chanber 2, a fixed electrode 6A and a novable electrode 6B

di sposed in the vacuum chanber 2, and a solid isolation resin 21 covering
the circunference of the vacuum 25 chanmber 2. - 8 The vacuum chanber 2
conprises a fixed-side ceramc insulating cylinder 2A, a novabl e-side
ceramic insulating cylinder 2B linked to the fixed-side ceram c insul ating
cylinder 2A, a fixed-side end plate 3Alinked to a fixed 5 end of the
fixed-side ceramc insulating cylinder 2A in its axial direction, the

fi xed-side end plate 3A being netallic- gand thinner than the insul ating
cylinders 2A and 2B, and a novable-side end plate 3B linked to a novabl e
end of the novable-side ceramc insulating cylinder 2B, the novable 10 side

end plate 3B bejmng \F‘i‘étﬁhﬁi&iarﬁlﬁ@ri?t@&ﬁ%li%sti‘%i)&’@&%&ﬁ?él%i@ i's

mai ntai ned in a high vacuumstate. Metalizing, which is well suitable to

metal in braz g | PlHRA 1 brazifg, daces petusen,hotih, d 34 ng
cyl i nders ]2A and12 éﬁg'both end plafg§i3A anéggB to 5érf%}ﬁp%$g?%%g 15 on

bot h tal li.g | ; | nsj : 1 3 he fi d
oth netal Id.0 sepd plat es; @%%eogg%gélﬁ%g%@e@%ﬁ%& e fixe

el ectrode 6A an t he novabl e el ectr in the axi al

o recton Wiladanng e fiaeb eleniota B Brs st ded e
WhiChSpaSS%§meﬁpqgﬂatﬂ%&ed—side ceramic insulating 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
2R and 2B and both end plates 3A and 3B to perform brazing
15 on both metallic end plates 3A 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 at the 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



fixed-side end plate 3A in the vacuum chanber 2 in the axial direction, and
the novable electrode 6B is held at the distal end of a novabl e-side

el ectrode 7B, which passes through the novabl e-side end plate 3B in the
vacuum chanber 25 2 in the axial direction. A novabl e-side conductor 10 is 9
connected at an end of the novable-side electrode rod 7B in the axi al
direction that is opposite to the end at which the novable electrode 6B is
hel d; the novabl e-side conductor 10 is electrically connected to one end of
a bus 5 side or |load side. A fixed-side gonductor 11, the circunference of
which is covered with solid isolation résin 22, is connected at an end of
the fixed-side electrode rod 7A that is opposite to the end at which the
fixed el ectrode 6A s hel d; the fixed-side conductor. 11 is 10 electrlcally
connect ed tcd“ir}?e‘:ttﬁcl]eart et T tHe B MIFP i sidad S o e Gfbviablidt si de
electrode rod 7B is vertically noved in the axial direction in the draw ng
by an oper dths@* i td J(J%ﬁﬁtlscﬁbvﬂ)att d ARP T Srdvaiiie @t atogdisr

achi evi ng cl osed, open, and di sconnecting positions between 15 the novabl e
el ectrode EBRMPYHRE S isdarteiats r%é%@e%béh%\mo‘@blﬁﬂscwq s supported by
t he novabl e- S|de end | ate 3B, is disposed around the novabl e-si de

el ectrode rsawEap kthaits ekar ham tihe Grivmtteditfe Bleabds rod B  noves

upward and downward in the axial direction, the
5 side or load side. A fixed-side conductor 11, the

circumference of which is covered with solid isolation
resin 22, is connected at an end of the fixed-side
electrode rod 7A that is opposite to the end at which the
fixed electrode 6A 1is 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



20 vacuum state in the vacuum chanber 2 is maintained. A bellows shield 8,
whi ch is supported by the novabl e-side electrode rod 7B, is disposed around
the bellows 9 to prevent adhesion of netallic particles, which scatter due
to the arc generated between the el ectrodes during open and 25 cl 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 cylinder, is disposed around the fixed el ectrode and
movabl e 6A and 6B to prevent adhesion of fine nmetallic 5 particles, which
scatter due to the arc generated from for exanple, open and cl ose
operations, to the inner surface of the vacuum chanber 2 and t hereby
prevent isaql.ation performance frombeing | owered. A fixed-side electric
field relifeWihfy CORENd A4 Ll 4 \PamESsidde e ddlileoms el-d 28 REFi evi ng
shield 4B, which are supported by the fixed-side and novabl e-side end

pl ates 3A &3 “ar ¥Ndidpdses HRATLahEY M QHFHGSs IR id¥ds of the
nmetal i zed surfaces of the fixed-side and novabl e-side ceram c insulating
cyli nders SXldfderB tie diSRarekide@it tHicefdkeduflariwaded a5l ot her wi se
concentrate on the ends of the netalized surfaces of the fixed-side and
novabl e- si FOVEEIENIR iavslIoR ity Prafededhess oan @ 2B inen mete Mdcuum chanber

2. The outside of the vacuum chanber 2 is covered with the
5 particles, which scatter due to the arc generated from, for

example, open and close operations, to the inner surface of
the vacuum chamber 2 and thereby prevent isolation
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

solid isolation resin 21 such as epoxy. A buffer layer 20

20 is disposed on 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 ratio between the ceramic and
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solid isolation resin 21 such as epoxy. A buffer layer 20 20 is disposed on
the outer circunferences of the fixed-side and novabl e-side ceramc
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 ratio between the ceramic and - 11 the resin used for
solid isolation and is softer than the ceramc and the resin used for solid
isolation. In this enbodiment, to relievg electric field concentration on

t he external angular netalized parts, whi ch are brazing parts between the
fi xed-side ceramc insulating cylinder 2A and fi xed-side end plate 3A and
bet ween t he novabl e-side cerankﬁdkgsul tin der 2B and  _novabl e-si de

ond ol at & SBE & GHITS L) | RO S LTS Ahd AT et (T3 P nh ch ar e
netallic, are disposed to 10 cover these angu)ar parts. How the first coi
spring 30 %%‘Hégﬁ@%&he 55y Wed £H0F & ef WY1 Be descri bed using
FIG. 2 to 5 As shown in FIG 2, the first coil spring 30 is formed in a
doughnut shape By WHHhEPPIRIBE Wi e mebieive IS Gt LAt iithd in a spiral
shape. The ends of the first coil spring 30 are united by winding a uniting
line 40 as SHGRIGERTHIE ©r3.thg x4 aMalusnatled AWAlHE S BT tSoi| spring 30
'S 5 which are brazing parts between the fixed-side ceramid
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 coil 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 coil 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, is shorter than the length of the external circumference

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



united to the second coil spring 31, which has a larger radius than the
first coil spring 30 in the natural state. 20 A strong unity is achieved by
perform ng uniting at three or four positions as shown in FIG 4. Here, the
circunferential length of the first coil spring 30, which is stipulated on
the draw ng sheet of FIG 2, is shorter than the | ength of the external
circunference 25 of the end plate in the natural state, and the 12
circunferential length of the second coil spring 31 is shorter than the

| ength of the external circunference of {,the ceramics insulating cylinder

2A, 2B in the natural state. 5 Next, howthe first coil spring 30 and
second coil spring 31, which have been united, are attached wll be

descri bed i El .« _Fl IS ni fi ed vi ew.of the d.of the
Ciret o do laMlzPential &r‘?g“%&ﬁ AT R S O W ahe i S e %ot the fir st

enbodi nent Q in.FlG.1. 10 In.a e in.which, hefore saolid isolation is
per fornmed, % %g\%%lff ftélra écéléer ]jf(‘;‘qt? éalsfts%%‘see&xé:re&?ﬁg tcﬁercélﬁffee SI&S Eﬂference
of the fixed-side ceram.c insul.ating.cyljnder . the first coill spring 30
and second%gléal I°SENNg 315 3%1]5&%&3’&%1#3%2%4 %@d-l?i ggeeﬁl&t]b’lrﬁ‘tle 3A from
the fixed side 15 by being pressed, the second coil spring 31 wth a | arger
radius in thé Watural state being first placed; since the

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 insulating 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



circunferential length of the second coil spring 31 is shorter than the

| ength of the external circunference of the fixed-side ceram cs insulating
cylinder 2A in the 20 natural state and the circunferential |ength of the
first coil spring 30 is shorter than the length of the external
circunference of the fixed-side end plate 3Ain the natural state, when the
second coil spring 31 is positioned on the outer circunference of the

fi xed-side ceramc insulating 25 cylinder 2A and the first coil spring 30 is
positioned on - 13 the outer circunferdmie of the fixed-side end plate 3A
the first coil spring 30 and second coil spring 31 are expanded. Finally,
the first coil spring 30 abuts against the outer circunference of the

fixed-si de wnd plade SAantsraga st dHe Mbtal izt wid goetef Ide erd of
the fixed-side ceramc insulating cylinder 2A, and stops at a position at

whi ch the amgmarcqiar tspfindesdi xed- stdenaetam c shasHbatiing reC¥lxidatele 2A i S
covered with the first coil spring 30 and second coil spring 31. At that

time, the firstrooillgpring 4A0r30 @ndth seeonth cRi lasprd Ny Binar ecffd xed in a
state in which they are expanded fromtheir natural |engths, so shrinking

forces act Akt harehmddieddd Jr add SRIdNG R ah saead 326QiHg Sp“ ng 31

do not nove easily fromtheir positions, at which they are fixed by

?Egl fy:spgt acavg%{lw I8t Gldtt 36 edl B AGILIJHIthe iR Td X adrSida R Rlat & 3A
ceramic insulating cylinder 2A, 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 coil 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



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
t he novable 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, nmolding is perfornmed using the solid isolation resin 21.
According to the vacuumswitch in the enbodi nent described above, the first
coil spring 30 abuts against the 25 outer circunference of the fixed-side
end plate 3A and 14 against the netallized surface of the end of the

fi xed-side ceramc insulating cylinder 2A, and the angul ar part of the

fi xed-side ceramc insulating cylinder 2A, which is an area on which an

electric field. i ncentrat.ed,, is covered wi.ith 5 the first..coi]l] spring 30
and the sefdid" gti %%sepﬂeﬁ:d“ €4 ¢ UNGREh The 19 4 d &5 Ithseprﬁlﬁ‘&%ﬁli uni t ed.
Accordingly, the fixed-side end . plate , the potential. of which is equal
Lo’ the. ope Sy dT it Nite et Sl NS it Medid G ' 6ort ng
31, which caqver, the 10 anqul ar, part of the fixed-sjde ¢ceram, insulating

oyl i nder | SAXESE e SR o A EAE GV ST wd. Sifde ket area
insulating cylinder 2A are nmutually electrically connected, nmaking their
pot enti al s BRI Yo Fhé THG g S tag&© &Gy 1S CPESSeY 15dssi bl e

to relieve electric , , . .
5 the first coil spring 30 and the second coil spring 31, to

which the first coil spring 30 is united.

Accordingly, the fixed-side end plate 3A, the potential
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 2A, and thereby a
partial discharge is less likely to occur even when a high
voltage is applied, preventing dielectric breakdown. In
addition, since the first coil spring 30 and second 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 isolation performance from being lowered.



15 field concentration on the angular part of the end of the fixed-side
ceram c insulating cylinder 2A, and thereby a partial discharge is |ess
likely to occur even when a high voltage is applied, preventing dielectric
breakdown. In addition, since the first coil spring 30 and second coil 20
spring 31, which are netal wire nenbers in a spiral shape, have nuch

cl earance and do not have continuous narrow clearance, a flow of resin is
not inpeded during nolding by use of the solid isolation resin 21,
preventing voids from being easily fqrqﬁg_ﬁnd making it possible to prevent
the 25 isolation performance from being Towered. 15 Since the coil springs
used in this enbodinent are netallic, they have high heat resistance and

can w thstand i gher_tenperatures during nplding than en,, for exanpl e,
conduct i ve resi%r?%e cﬁ%epg%éjdf FNAES B St S t%ﬁp%#\{]%er’stecaoﬁfd enbodi nent
in the present .invention wll be d%fcribed.using FIG 6. In the second

t

enbodi ment "EHeW 5 AREY 61245 ¢ N 10 1 HETT QAL G P36 and

second coil spring 31 used in the first enbodinent, a third coil spring 32,
which i s 1QHHRGH HETDGIA R0 S 1919 (RS- Slcbrid oih Tpr i5RF PRATEE 1 ho
second coil spring 31 and third coil spring 32 are united as in FIG 4.

Si nce the fGFUIT0IVe &5y 90 4iSPRSSetrical |y connected to the fixed-side

end plate 3A, the i _ ,
5 Next, a vacuum switch of a second embodiment in the

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

10 metallic, is disposed on the second coil spring 31, and the
second coil 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

15 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 the first embodiment by expanding the

20 distribution of isoelectric lines on the metalized surface
of the end of the fixed-side ceramic insulating cylinder 2A.
Then, electric field concentraticen can be further relieved
as compared with the first embodiment.

Although the fixed side has been used as an example,

25 the third coil spring 32 can also be united to the second



first coil spring 30, the second coil spring 31, the third 15 coil spring
32, the fixed-side end plate 3A, and the netalized surface of the end of
the fixed-side ceramic insulating cylinder 2A are nmutually electrically
connected. Thus, the density of isoelectric lines can be nmade |ower than in
the first enbodi ment by expanding the 20 distribution of isoelectric |Iines
on the netalized surface of the end of the fixed-side cerami c insulating
cylinder 2A. Then, electric field concentration can be further relieved as
conpared with the first enbodi ment. ALt gh the fixed side has been used as
an exanple, 25 the third coil spring 32 can also be united to the second 16
coil spring 31 on the novable side in the sane way to achieve the above

gffect. A vac um SW tclglofo atth%i rd engoéﬂi n%g[/vi .Of thgfe pres%njt ionventi on will
e descri b&®'usi%hg G754 ¥ aPa&udh ltrbtjf SHE 7Y ¢Cenbodi nent _
ised i not o8 WG T XSEVE GEERT Bl ate 3A I n the vacuumewten 1
described in the first enbodinent. That |s, .in the fixed-side end plate
103A, the concdve 2 Mhatl tuRhavi ORRG NG s §he iSRS thear a
linkage wth the fixed-side ceramic jnsulating cylinder 2A; the first coi
spring 30 iEVEEPSRed il Bfe d@(ﬁ’?&d\?@dpélrstmﬂof&%' 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 can be fixedly fitted to the concave
20 part 104A formed on the fixed-side end plate 103A, securely
fixing the first coil spring 30.
Although only the fixed side has been described here,
the first coil spring 30 can also be securely fixed by

forming a similar concave on a movable-side end plate 103B.

25 A vacuum switch of a fourth embodiment of the present



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 enbodi nent, not only the sane effect as in the first enbodi nent
descri bed above is obtained, but also the first coil spring 30 can be
fixedly fitted to the concave 20 part 104A fornmed on the fixed-side end

pl ate 103A, securely fixing the first coil spring 30. Although only the

fi xed side has been described here, the7f+rst coil spring 30 can al so be
securely fixed by formng a simlar concave on a novabl e-side end plate
103B. 25 A vacuumswitch of a fourth enbodi nent of the present - 17 -

invention whiénbeodesenibpd 4skpgiFE& uSinynribe yacuum switch of the fourth
enbodi nent shown in FIG 8, a fixed-side end plate 203A partially having a

thin part 204Ani shusedcunst eadteh biethexeduskdecppddphahe 3034n 5n
described in the third enbodinent. That is, in the fixed-side end plate

203A, the thin spaétf29é&rsmBéCBnasplbtengo3Ahﬁar£b§1thﬁévihgeg-@hﬂﬁ end
plate 203, is used instead of the part in which the concave part 104A is

formed in phecthpifl egbedefenhstbhe bkrsheCOikedOssRE! BHI3P1 468 digpRSEd ON
the thin part 204A. The axial width of the thin part 204A 1s preferably
5 described in the third embodiment.

That 1is, in the fixed-side end plate 203A, the thin
part 204A, which is thinner than the other fixed-~side end
plate 203, 1is 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 203A, 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.



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

enbodi ment, not only the sane effect as in the first enbodi nent descri bed
above is obtained, but also the first coil spring 30 can be fixedly fitted
to the thin part 204A fornmed on the fixed-side end plate 203A, 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
formng a simlar thin part on a novabl e.si.de end plate 203B. A vacuum
switch of a fifth enbodi nent -of the present 25 invention will be described
using FIG 9. 18 In the vacuumswitch of the fifth enbodi nent shown in

n the f1rst enodiifen 8 it e o sarig GUTbE™ P BOBS Gt FBuCH the
el ood, S o e S e S coane raat g el iter 2A u
Do et e R SR 05, 0SS L USRI ot ey e ot
ci}cunference,of t he spr?ng guide 10 37 and firmy fixed between the spring
gui de 37 af®IiRg gulde 37 does not touch the metalized surface of the
5 fixed-side ceramic insulating cylinder 2A but overlaps it
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 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. When 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 3A in the 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 3A and the spring guide 37, by which the first coil spring



nmetal i zed surface of the fixed-side ceramc insulating cylinder 2A. Wen a
spring guide 37 that is different in the length over which the spring guide
37 covers the fixed- side end plate 3Ain the axial direction and in the 15
t hi ckness at a point where the spring guide 37 touches the first coi

spring 30 is used, the extent to which the first coil spring 30 is hooked
can be adjusted. That is, when the | ength over which the spring guide 37
covers the fixed-side end plate 3A in the axial direction 20 is equal to or
smal l er than the axial length of the figsgt _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 firmy

fixed. Th i st bet the fixed-sid d plat 3A, and i

Gutde a1 B DR f R REer abTY: Ry Y RS Shadien Pk BRer hbl v
|t ller. th th i al. thick f. the first il i 30. A

ool spri nG*udad THoKPoRcuTm SaFt CHEOT SdxtRE1BAbGdr ment §n the prosent

invention will be descrihed using. 5 FIG 10. |In.the second enbodi nent

descri bed abovd GHd SHTASESHERAR MESgis S o i ASEIEG spring 30 to

the third coil,.spring 32 . are different. In this odi.ment .. shown .in FI G
165 honevertBpd R g nog g’ Brarentl Sl nt Roh ™31 T B TR Y 15207 UB 1 hG

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. In 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 been described in this embodiment, even when 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 coll springs are united by uniting their



10 third 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

di stinguished; 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 nust be placed first, inproving the ease of
assenbly. Although a case in which three coil springs are used has been
described in this enbodi nent, even whenztowe coil 20 springs are used, the
sane effect can be achi eved by meking the I engths of their circunferences
equal . A coil spring used in a vacuumsw tch of a seventh enbodinment in the

present invenrtd @it lthderdesed hagheusiondn fhe likst2% Aldikawgh the coil
springs are united by uniting their - 20 ends with the uniting line 40 in

the first topddihientambadid®ts dMernas @ft tha If ispitingPido sRid RGGR0 are

made to face each other and welded to unite themin this enmbodi ment. Since

the ends aneg made o dhacr RAch Rf RN RRd £ Welided tHde iteriHinal ends of the

coil spring are elimnated fromthe united point 42 and the uniting |line 40

does not negddithhi US8dnc8OthReERqar grQOmHéétﬁo‘A’@gEé éhéﬁt bteeki ghd
concentration is |ikely to occur, such as the ends of

5 welded, the terminal ends of the coil spring are eliminated
from the 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 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 coil 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



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 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 ble. 15 A coil spring used in a vacuum swi tch of an eighth enbodi nent
in the present invention will be described using FIG 12. In the coi

spring used in the vacuumswitch of the eighth enbodi nent shown in FIG 12,
hooks 35X and 35Y are 20 forned at thezqnqs 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 enmbodi nent, since the ends_are ugited 25 bx hooking t he coi

spring, theé™dEYSH- asdeffl § PeuselifipPbveadllsPREeNdSpParalPLy 8t 2koi |
springs are united at different positions, parts, other than the ends, of
the ot her LHdilleI&HG ReS Eri@usiRGdried AT ttﬁ’ér’eﬁ@se S%he OthddKks, where
electric field concentration is likely to 5 occur, relievin%_the electric
field conc&¥edt i latSAMHI%erids FOSiitd Reskdeatn titoSdidett ithswhi ch the

vacuum switch 1 described in , _ , ,
hooks, where electric field concentration is likely to

5 occur, relieving the electric field concentration 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 50 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



the first enmbodi ment is nounted on a vacuum sw tchgear w ||

be descri bed

using FIG 13. 10 As shown in FIG 13, a vacuumswitchgear 66 in this

enbodi ment mainly conprises a switch unit 50, operating nmechanisns 53 and
54 for operating the switch 51 in the swtch 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 |oad cable 61, and a
metering room 67 di sposed at the top -4 12 he vacuum swit chgear 66. The
switch unit 50 conprises a vacuumswitch 51 with a 20 doubl e-break
structure in which two contacts for a break and disconnection are

accommodat &t Adt arfd NHENRWBIM ARy . 3@meAarihi nghswebehka®2ngonnected to

the | oad side through the vacuum swi tch 51 and a conductor,

and the solid

i sol ation resimhrdlsmdded ta idiad @Ry hestimibelsy phha idhg/agieim swit ch
51 and earthing switch 52 each include the - 22 first and second coi
springs 30 @tchhedtihPRAAIS NBndBERNHSRA3 P bR 1919 sEechani sm for
breaki ng and disconnecting parts, and the operating nechanismb54 is an
operati ng N Y W cldie frddY nhesSWdathimy AGEIEi ng to this enbodi nent,
since the switch unit 50 having isolation performance inproved by di sposing

the s According to this embodiment, since the switch unit 50

having isolation performance improved by disposing the

first coil spring 30 and second coil spring 31 is used, 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. 1In this case,

the

spacing between isocelectric lines at the angular part of

the insulating cylinder can be expanded, so the electric

field concentration on the angular 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

empodiment, 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



first coil spring 30 and second coil spring 31 is used, a vacuum sw tchgear
havi ng high isolation reliability can be provided. 10 It will be

appreci ated that the vacuum sw tchgear according to this enbodi nent can use
any of the structures in the enbodi nents described above. Al though only a
case in which two or three coil springs are united has been descried in
each enbodi nent described 15 above, a case in which even four or nore coi
springs are united is also of course applicable. In this case, the spacing
bet ween isoelectric Iines at the angulal3part of the insulating cylinder
can be expanded, so the electric field concentration on the angular part of
the insulating 20 cylinder can be relieved. Next, another vacuum sw tchgear

of an enbodicaertiing the thpsesepbdimeant has, tWal ehmes sdir:beneat akr am t he
above enbodinent, in which the vacuumswitch 1 described in the first

enbodi ment the BBYRHEEdmbddikentackedrswedchgea, rwd.l 125 kecdesighighedeusi ng
FIG 14. A vacuum swi tchgear 166 - 23 according to this enbodi nent has the

same struckyhiecasunit ke above erhkadi@eniiedesspithed usingpkl Gmit3ed
excluding the switch unit 150, so a detailed description will be omtted

here. 5 Thgeswi tch unit 150 conprises vacuum switches 151A and

5 The switch unit 150 comprises vacuum switches 151A and
151B forming a 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 151A 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 wvacuum switchgear

25 according to this embodiment can also use any of the



151E form ng a doubl e-break structure in which two contacts for a break and
di sconnection are accommobdated in different vacuum chanbers, an earthing
switch 52 connected to the |oad side through the vacuum sw tches 151A and
151B and a 10 conductor, and the solid isolation resin 21 for integrally
nmol di ng these nenbers. The vacuum swi tches 151A and 151B and earthing
swtch 52 each include the first and second coil springs 30 and 31 for
their switches. The switch unit 150 may have a vacuum chanber for each 15
contact in a doubl e-break structure as & this enbodi nent, for exanple,

whi ch is advantageous in that the degree of flexibility in manufacturing is
increased. In this enbodinent as well, the switch unit 50, in which the

first coil sgputdgrd andtBEecendod@@inknspri8gcdlbed0anbeedi sposadthe inprove
i solation performance, is used as in the enbodi mrent of the vacuum sw tchgear

descri bed ahpvaimef® afvapdUTnBWLICBEgEBEhhadiNgeBtghpbegokpbien reliability
can be provided. It will be appreciated that the vacuum sw tchgear 25

according to tmu&h@agadbﬂqgtacaasélaﬂ Wse cAnyY wef otth@nred4coslr upkrtings in the
enbodi nents descri bed above, as in the enbodinent of the vacuum sw t chgear

descri bed gbevenit&t ReYIBeOh! Medceaeq iR WAEBNkWBAOhehBr 88560t bedPr i NYS
are united has been descried in each enbodi nent descri bed
5 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 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 reference 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



5 above, a case in which even four or nore coil springs are wunited 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 sw tchgear according to a ninth

enbodi nent of the present invention will be described with reference to
FIGs. 15 to 20. FIG 15 is a structural diagramof the vacuum 15 sw t chgear
70 according to the ninth enbodi nent ef 2the present invention. In FIG 15,
t he vacuum chanber 75 is fornmed by including the substantially cylindrical
isolating cylinder 72, which is manufactured froman insulating materi al

such 20 asmeela@lieC o 1ERE rfdaeed 76l egly ede urerd utéard oo wakigeralect rode | ead
77 are oppositely disposed in the vacuum chanber 75. The fixed el ectrode

76a is attagqked i e qudtisr Ralcrert Qopdke .fixpd ehgelredect eade 76ca@nd the
novabl e el ectrode 77a is attached to the internal end of 25 the novabl e

el ectrode I7gads7BubEt@rftiieed el eetr0d@efba ANt c20 a TWRe 7@leglsr ode 77a
are manufactured froma superior electric conductor such as copper. The

:‘isxed el ecttiodRd;edthe #8dnyeSUBY YA ¥nrRdyenaped r igR M1 el ta cHkange 76b
5 end plate 73, and the surface of one side 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 vacuum 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



forned?fthe fl ange 76b passes through the fixed electrode 5 end plate 73,

and the su

rface of one side of the flange 76b is fixed to the fixed

el ectrode end plate 73. The novable electrode lead 77 is substantially rod-

shaped simlarly, and disposed so that it passes through a hole fornmed in
t he novabl e el ectrode end plate 74. The 10 novable el ectrode |l ead 77 has a

bell ows 78

di sposed between it and the novable el ectrode end plate 74 as an

expansion and contraction neans. The novabl e el ectrode lead 77 is
connected to the novabl e el ectrode end te 74 through the bellows 78. 15
The novabl e el ectrode 77a makes and bredaks a contact together wth the

fi xed el ectrode 76a through a noving neans (not shown).

f the fide el ectrode end plate 73, and the fixed el ectrode
gtPa ol '@ BHoI¥F iF AW %0 Forrd @PIthe 20 center of
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e electrode end plate 74, and the novable electrode |ead 77
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A hole is forned at

2 of the vacuum chanber 75, the fixed electrode end plate 73 and

T GRE &Hd HiaatisAatdry Sodurste 25 20 PRECBEERISHdsaof t he

cylinder 72. Wen the 26 el ectrodes 76a and 77a open or close,

iGentgedersdtiad d il c hdaiht SRT@ses e iTifst adesuntc end al

77a, is secured inside the isolating cylinder 72. Silver
brazing is used to fix these parts to the inner wall of the
isolating cylinder 72. To prevent the resulting electric
field concentration at the brazing part between the
isolating cylinder 72 and movable electrode end plate 74,
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
expansion is 16.0 x 107®(1/K). The coefficient of linear
expansion of the isolating cylinder 72 made of alumina or
the like, which is fixedly joined to the movable electrode
end plate 74, is 7.5 x 107%(1/K).

This difference in thermal physical value causes vastly
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

from materials having different coefficients of linear

an



surface of the isolating cylinder 72. Accordingly, a central shield 80,

whi ch encl oses the electrodes 76a and 5 77a, is secured inside the isolating
cylinder 72. Silver brazing is used to fix these parts to the inner wall of
the isolating cylinder 72. To prevent the resulting electric field
concentration at the brazing part between the isolating cylinder 72 and
novabl e el ectrode end plate 74, 10 an internal end shield 74s is attached so
that the brazing part between the isolating cylinder 72 and novabl e

el ectrode end plate 74 is covered. The rdvable el ectrode end plate 74 is
made of, for exanple, stainless steel; its coefficient of |inear 15
expansion is 16.0 x 10-6(1/K). The coefficient of |inear expansion of the

i sol ati ng @Kpanddion’2 sadecothal useddietenthefl ikaeavwhegpahsibhxedl yhioi ned
to the novable electrode end plate 74, is 7.5 x 10-6(1/K). This difference

in thermal ipysitdalg valye caysemi@astily 222@ diXd e ant® {160 expansi on or
contraction during a nolding process in which heat is applied, generating

thermal strnesgelat AFfenGmf fhen MAZide fftardmcef THine arkegiamyitorpr event s
the generation of thermal stress by reducing the brazing area of nenbers

manuf act ur e t22 firsomatatRy id)1s s M diifdf areMe Goefdd citentsyrLRfertd ReaAr - 27
expansi on. Since the coefficient of |inear expansion of the
5 crack from being generated in the isolating layer 709.
Accordingly, 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 brazing the isolating cylinder 72,

20 fixed electrode end plate 73, and movable electrode end
plate 74, the stress relieving layer 72Z2a covers the outer
circumference of the isoclating 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.



isolating layer 79, which is 22 to 26 x 106(1/K), is largely different from
the coefficient of linear expansion of the isolating cylinder 72, it is
necessary to prevent a 5 crack from being generated in the isolating |ayer
79. Accordingly, 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 chanber 75 as well, 10 electric field
relief is required in the brazing part between the isolating cylinder 72
and novabl e el ectrode end plate 74, sq_;%e_external end shield 74e is fixed.
An attachnent neans between the external” end shield 74e and novable

el ectrode end plate 74 is not brazing;, the external 15 end shield 74e having
a concave part 74c, which is cqncentric with the novabl e el ectrode end
plate 74, and tH¥ WRALIE F@%tc&?edﬁéeeerhot}}ﬂ a0 TR I g R Wonvek 3t 74b
are nmutually fitted and fjxed. K Accordingly, after the vacuum, chanber 75 is

formed by BIYANG HESTEA% i &HaLTae? 722 16 5 st Bedtt odd lem@ pl at e

73, and novable electrode end plate 74, the stress relieving | ayer 72a
covers t he &L Aafiereide TS e Ges fiad AR EVIGicdeVir After the
stress relieving layer 72a has been fornmed up to the ends of the isolating
cyl i nder 72magie fdadkriaw eidlasied Pyrse cizslied -.pr dhpdegncavegpart 74c

5 is formed on the external end shield 74e so as to face the
convex part 74b formed on the movable electrode end plate
74. The distal end 74a of the external end shield 74e
extends beyond the outer diameter of the isolating cylinder
72, with respect to the movable electrode end plate 74

10 disposed immediately below the isoclating 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. 17A and

25 17B, of the external end shield 74e are manufactured by



The brazing part between the isolating cylinder 72 and novable el ectrode
end plate 74 in this enbodinent will be described again with reference to a
magni fied view (magnified view enclosed by a circle) . The concave part 74c
5 is forned on the external end shield 74e so as to face the convex part
74b fornmed on the novable el ectrode end plate 74. The distal end 74a of the
external end shield 74e extends beyond the outer dianeter of the isolating
cylinder 72, with respect to the novable el ectrode end plate 74 10 di sposed
i mredi ately below the isolating cylindee972, and further extends beyond the
stress relieving layer 72a disposed on the outer circunference of the
isolating cylinder 72. The detailed structure of the external end shield
74e 15 wi hhchendagcehbgdrwebbrigference 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 thephodtls ebediaRm ngartheFldonvE&Bragti 7applanene ew. FIG 17A
is a perspective view of the convex part 74c 20 of the external end shield

74e descri hedabnet BeebibRe enboghgent 74andaFkGe EéBchgel barpl ane ¥eew. In
FI Gs. 16A, 16B, 17A, and 17B, the convex part 74b, shown in FIGs. 16A and

16B, of thenaDuakkengheehtod:end 7@bah@114ban@e56@lgeacgé§oaart 74c, shown
in FIG. 17A and 25 17B, of the external end shield 74e are nanufactured by

5 The external end shield 74e is positioned at the
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. Then, 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
mutually 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



- 29 - machining and/or casting. A process of attaching the convex part 74b
of the novable electrode end plate 74 and the concave part 74c of the
external end shield 74e will be described below. 5 The external end shield
74e is positioned at the circunference at the bottom of the novable

el ectrode end plate 74 so that the convex part 74b of the novable

el ectrode 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. Then, the external end
shield 74e is turned, centered around the axial direction of the vacuum

hanber 75,, that the .15 t 74c.of th t d_shield 74
and the | CorvaR AR Fa oS HE ol BELPEAG MM pF B L34 AP B FREuSTFYS mat od

Wth the concave part_74c of the external end shield 74e and the convex
part 74b ofSttrt‘?élgétl%e&fr &¢ e 724 mrlﬁer#atlé‘d,é'(engr@rﬁlinrge vacuum
chanber 75 is nolded by 20 the jsolating |ayer 79 %ggwn in EIG 15. As for
the shape &R4Ye DSLHESTaItienEr IR Qfd Thife FSW1AtENY AAARESF 117B2Tthdéxt er nal

end shield 74e is provided along the curved surface of the external end.

The di stal SSfFtEpde slatss MrerdmalsShad A dilFsrae 0 3365i40Fnddre owar d t he

5 peak value in electrode strength in FIG. 20B showing this
embodiment in the present invention is lower than in a
standard electric field shown in FIG. 20A, in which a
conventional structure that lacks the external end shield
74e 1is 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 required in the brazing part
between the isolating 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 electrode

20 end plate 74 1is 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



25 isolating layer 79 beyond the external wall of the 30 isolating cylinder
72. Accordingly, in the electric field strength of the electric field
generated in the brazing parts between the ends of the isolating cylinder
72 and the electrode plates 74, as shown in FIGs. 20A and 208, the 5 peak
value in electrode strength in FIG 20B showing this enbodinent in the
present invention is lower than in a standard electric field shown in FIG
20A, in which a conventional structure that |acks the external end shield
74e is used (an experinental result shpﬁfp_g 33% reduction) 10 FIG 18 is a
partial cross sectional view of a vacuu switch of a vacuum swi tchgear to
whi ch a shield plate is attached, showing a tenth enbodinent in the present
i nvention. ,}n FI G on t he out5|de of _the vacuun1chanber 75 as _ 15 wel |,

electric fidl dar}qslq@ FRGRGuiRTE i 1 T HRE Bridzi v Pl B e ihe 4%l at i ng

cylinder 72 and anabIe el ectrode end ate 74, as in the ninth enbodi nent.
Accor di ngl Y3 e Ehesh A%t ekthath %d‘&)a%rfﬁ’g]fqﬁ eV stk ehelB: @Fat t achment
nmeans bet ween the external end shield 74e and novabl e el ectrode 20 end
plate 74 i AV aEYIHY; CRIFRVEK erdal SEHP ki R T4 FikPa concave part
74c, which is fornmed outside the end of the vacuum chanber 75 and is

concentri c MithPuHe novable ¥l ecthiodeonsirRK Rakte 70 dhdhhaaimkis e

el ectrode end plate
electrode end plate 74 is formed over 360° along the entire

circumference, even if two 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 is 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 vacuum chamber 75; the external end shield



74 having a convex part 74b are nutually fitted and fixed. 25 The convex
part 74b of the novable el ectrode end plate 31 74 and the concave part 74c
of the external end shield 74e, which are shown in the nagnified viewin
FIG 18, are manufactured through, for exanple, plastic formng. Although,
in FIG 17, the convex part 74b of the novable 5 electrode end plate 74 is
formed over 360 along the entire circunference, even if two or nore convex
parts 74b are forned, fixing is possible in this enbodinent. In their
attachnent, elastic deformati on due te R2o0f the convex part 74b of the
novabl e el ectrode end plate 74 and the concave 10 part 74c of the external
end shield 74e can be used. Accordingly, in this enbodi nent, the external

end shi el d7424esi Fosted Oy Lhelawkerhwal li sobehfte sapwabke ebeelr ede end
plate 74 in the direction 81 of insertion into the electrode end plate 74

until the extermal pend PRiRldn’/4eeldsbodehesy he ierd of7ot had sekathag
cylinder 72, so that the concave part 74c of the external end shield 74e

and the cemwexnaanty 74k of rtheeqieyabl engl eghredectpadcplabeursé %ﬁﬁt_ayt ual l'y
mated. FIG 19 is a partial cross sectional view of a vacuum 20 switch of a

vacuum swi tgRyEk @ Mhickly anshilel o 4rl atse pos i talidhaehedons how Rggqar rel eventh
enbodi nent in the present invention.

5 the isolating cylinder 72 toward the center of the
isolating cylinder 72. Since, as described above, the
shield plate has a curvature part and is formed as a plate
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 of the external end

20 shield 74e is used. That is, 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 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



In the el eventh enbodinent in FIG 19, the external end shield 74e is
positioned so that it extends up to the 25 outside of the vacuum chanber 75;
the external end shield - 32 74e is fornmed by a plate that is bent so as to
cover the brazing part between the isolating cylinder 72 and external end
shield 74e. The distal end 74a of the curvature part of the external end
shield 74e is positioned fromthe end of 5 the isolating cylinder 72 toward
the center of the isolating cylinder 72. Since, as described above, the
shield plate has a curvature part and-is3¥ornmed as a plate bent so as to
cover the brazing part, significant electric field relief can be expected

i nsi de and outside the vacuum 10 chanber 75. Although the state of the

convex par tthethe nfctheie nvaldletal evs rapde randagl Bt enatedand t he concave part
74c of the external end shield 74e, which are shown in the magnified view

in FIG 19, canmrhe tedLdacidredydhroaghyhich 16 wxanpietupd@sttemf or m ng,
t he novabl e el ectrode end plate 74 has two or nore convex parts. Their

attachment jissiher sate® Biskd ddend£i hedodiventchidighed astic Rfdeat of
the state of the convex part 74b of the electrode end plate 74 and the

state of theqontate pAlde 48 iud fer @xderaml tiend, 20nahi @ldhpde 7. used.
That is, the external end shield 74e is slid on the outer wall of the
nmovablse el epidpde 1wk platL risk that a clearance may be formed in the
isolating layer 79, so it is difficult to use a complex
shape such as cdnvexes 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,



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 - 33 the electrode end plate 74 are nutually mated. The
isolating layer 79, which is manufactured from resin or the Iike and has a
prescribed thickness, is fornmed around the outer circunference of the
vacuum chanber 75. 5 Then, there is a risk that a clearance may be forned in
the isolating layer 79, so it is diffrc8ft-to use a conplex shape such as
convexes and concaves as the external shape of the vacuum chanber 75. If,
however, a structure in which the bow -shaped central shield 80 is used for
electric 10ifiseldtiehi pbriorhheceésohatbagehayeed79, as an ordi nary
structure, there is a risk that a clearance may be generated when the
isolating layer 79 is forned. The three external end shields 74e shown in

t hese enbodi nents 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
circunferential wall of the isolating cylinder 72. Accordingly, electric
field relief can be expected w thout a conplex structure having, 20 for
exanple, a large bend. Furthernore, since conductive



paint is applied to the surface of the external end shield 74e and the
surface of the novable 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 novabl e el ectrode end plate 74, - 34 -
i nsul ation performance can be ensured. 35 - WHAT IS CLAIMED IS 1. A vacuum
switch having a fixed el ectrode, a novable electrode facing the fixed

el ectrode, an insulating cylinder, end plates covering both axial ends of
the 5 insulating cylinder, a vacuum chanb®r-internally accommpdating the
fixed el ectrode and the novable el ectrode, and a solid isolation resin

nol ded on the outside of the vacuum chanber, characterized in that, a first
coil springgyaeach efamwtshigs di sposed around 10 the outer circunference
of one end plate while touching the end plate and an end face of the

insulating cylindery adgn SECQAW 1LRH NG | NG8%d eacdbfo i & devaBlid ed to
one of the first springs and di sposed around the outer circunference of

the insul ating-€cybhDdes 59y ashd Or CONEr o T oL ARG akpn PRk Sy ot Phgt he end face
of the insulating cylinder]; and the end plates, the end faces of the

insulating cylinger, and phecedissterNdysecond £0il SpEings @ke el ectrically

connect ed.
5 insulating cylinder, a vacuum chamber internally

accommodating the fixed electrode and the movable electrode,
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
10 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 of which is united to one of the
first springs and disposed around the outer circumference
of the insulating cylinder so as to cover the angular part
15 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 springs are electrically connected.
2. The vacuum switch according to Claim 1,
metalizing is applied to the end faces in the axial
20 direction of the insulating cylinder and that 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,

25 a third coil spring, which is united to the second coil



2. The vacuum switch according to Caiml, netalizing is applied to the end
faces in the axial 20 direction of the insulating cylinder and that the end
pl ates, which are thinner than the insulating cylinder, are joined to the
end faces of the insulating cylinder, the end faces being netalized. 3. The
vacuum switch according to Claim1l1, 25 a third coil spring, which is united
to the second coil - 36 spring, is disposed around the outer circunference
of the insulating cylinder, and that the third coil spring is electrically
connected to the second coil spring. 4.3%he vacuum switch according to Claim
1, 5 a concave part having an inward recess is formed near a brazing face
of the end plate, on which the end plate is brazed to the insulating

cylinder, apdihfatithaibpbstacakbun8PthBgoliscdi sposEffbRchhe 6enep¥e part.
5. The vacuum sw tch according to Caim1, 10 a thin part, which is thinner

than other;ipantigcihg c{0iRBArNeahqt RgatnsHbathngacybindeprohgt he end plate,
and that the first coil spring is disposed on the thin part of the end

I R o LR S L
near the end fgce ®fe vyacuum switch according to Claim 1,

5 a concave part having an inward recess is formed near a
brazing face of the end plate, on which the end plate is
brazed to the insulating cylinder, and that the first coil
spring is disposed in the concave part.

5. The vacuum switch according to Claim 1,

10 a thin part, which 1s thinner than other parts, is
formed near the insulating cylinder of the end plate, and
that the first coil spring is disposed on the thin part of
the end plate.

6. The vacuum switch according to Claim 1,

15 a spring guide is disposed outside the end plate so
that the spring guide does not overlap near the end face of
the insulating cylinder but the spring guide overlaps at
other parts, and that the first coil spring is fixed to the
end plate that the spring guide does not overlap.

20 7. The vacuum switch according to Claim 1 or 3,

the circumferential length of the first coil is shorter
than the circumferential lengths of the second and third
coil springs.

8. The vacuum switch according to Claim 1,

25 each of the coil springs has same circumferential



the insulating cylinder but the spring guide overlaps at other parts, and
that the first coil spring is fixed to the end plate that the spring guide
does not overlap. 20 7. The vacuum switch according to Claim1 or 3, the
circunferential length of the first coil is shorter than the
circunferential lengths of the second and third coil springs. 8. The vacuum
swtch according to Claim1l, 25 each of the coil springs has sane
circunferential 37 - length. 9. The vacuum switch according to Caim1l, each
of the spring coils is fornmed in a doug t shape by using a netal wre
menber that is wound in a spiral 5 shape, the ends of the coil spring being
united by a wuniting line. 10. The vacuumswitch according to Caim1, each
of the spring caoils is formed in a doughnut shape by using a netal wre
menber that'!§9%bund in a spiral 10 shape, the ends of the coil spring being
joined by welding. 11. The vacuum sw tch according to Caim1, each of the
spring coils is?forted iar By sugiit asieareingy Wi & et al wire nenber
that is wound in a spiral shape, the ends of the coil spring being united
by hooks, 15 arfR¢ha?f ath¢ esR¥12NeCPIEStiTof Pregd i by amPEH YecPoi |

by using a metal wire member that is wound in a spiral
5 shape, the ends of the coil spring being united by a
uniting line.
10. The vacuum switch according to Claim 1,
each of the spring coils is formed in a doughnut shape
by using a metal wire member that is wound in a spiral
10 shape, the ends of the coil spring being joined by welding.
11. The wvacuum switch according to Claim 1,
each of the spring coils is formed in a doughnut shape
by using a metal wire member that is wound in a spiral
shape, the ends of the coil spring being united by hooks,
15 and that at least the first coil spring and the second coil
spring are hooked at different positions.
12. A vacuum switchgear according to Claim 1,
the vacuum switchgear comprising,
the vacuum switch, an operating mechanism for operating
20 the vacuum switch, a bus for supplying electric power to
the vacuum switch, and an electric power cable connected to
the vacuum switch, which supplies electric power to a load
side.
13. The vacuum switchgear according to Claim 12,

25 the vacuum switch has contacts between fixed electrodes



spring are hooked at different positions. 12. A vacuum sw tchgear accordi ng
to daiml, the vacuum sw tchgear conprising, the vacuumsw tch, an
operating nechanismfor operating 20 the vacuum switch, a bus for supplying
el ectric power to the vacuumsw tch, and an electric power cable connected
to the vacuum sw tch, which supplies electric power to a load side. 13.
The vacuum swi tchgear according to Claim1l2, 25 the vacuum switch has
contacts between fixed electrodes 38 and novable electrodes in a single
vacuum chanber. 14. The vacuun1smjtchggﬁf_according to Caim12, the vacuum
switch has one of the contacts between fixed electrodes and novabl e

el ectrodes in a different vacuum 5 chanber. 15. A vacuum sw tchgear having a

vacuum chanmber formed by hernetically connecting a fixed el ectrode end

pl ate and @m\@r@@ Qtoﬁgee%d”bl tE 1S Dot SLRAMRET § sol ati ng
cylinder, a fixed el ectrode |ead and a novabl e el ectrode 10 |.ead oppositely
di sposed in thelYacdif CIRGHEY SW %G I QE&QLYdy 4t t!¢ran end of the
fixed electrode | ead, and a, novable el ectrode attached to an end_of the

movabl e el ect roe Yegdum chiat ek ef32e@P® nOt hate FHREIGEUUPT SHRER hee%# Y has an

external end shield , ,
electrodes and movable electrodes in a different vacuum

5 chamber.
15. A vacuum switchgear having a vacuum chamber formed
by hermetically connecting a fixed electrode end plate and
a movable electrode end plate to both ends of an isolating
cylinder, a fixed electrode lead and a movable electrode
10 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,
the vacuum switchgear has an external end shield
15 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,
and a second fitting part disposed on the electrode end
20 plate for facing the first fitting part, and both of the
first fitting part and the second fitting part are mutually
fitted.
16. The vacuum switchgear according to Claim 15,
the fitting part is formed as a concave part or a

25 convex part.



15 di sposed around the outer circunference of a connection part between the
isolating cylinder and the novable electrode end plate, a first fitting
part disposed on the inner circunferential surface of the external end
shield, and a second fitting part disposed on the electrode end 20 plate
for facing the first fitting part, and both of the first fitting part and
the second fitting part are mutually fitted. 16. The vacuum sw t chgear
according to Claim15, the fitting part is forned as a concave part or a

25 convex part. 39 17. The vacuun1smjgcgge§r according to Claim15, a
curved surface is formed at an outer circunferential end of the external
end shield and the distal end of the <curved surface is positioned closer to
an isolating Iaﬁ 5 than the outer circunferential wall _of the isolating
cylinder. 18. THe -vatbfin’8GHEBhgEaF CREEBF dPREOFBLEIalth 5317 he- distal end
of the external end shield, which is p05|t|oned out si de the vacuum chanber,
is formed so as?t GUEYSCoVEI LR M6r 451 FGIBRG AeBRedM tofe qlsr@ugtﬂe,;@nctwal nder
and each of the electrode end plates, and wherein the distal end is

positi oned Engsef tHet Retesnrdr e@fi shéeilopari f§e eystadernchad the end of

the isolating cylinder.
curved surface is positioned closer to an isolating layer

5 than the outer circumferential wall of the isolating
cylinder.
18. The vacuum switchgear according to Claim 15,
the distal end of the external end shield, which is
positioned outside the vacuum chamber, is formed so as to
10 cover a brazing part between the isolating cylinder and
each of the electrode end plates, and wherein the distal
end is positioned closer to the center of the isolating

cylinder than the end of the isolating cylinder.



