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@ A vacuum interrupter.

@ A vacuum interrupter of the invention includes, substan-
tially an envelope including a cylindrical housing {10} made
of a metallic material, a disc-shaped upper end plate (12)
made of an inorganic insulating material having an aperture
in the center portion thereof and a disc-shaped lower end
plate (14) made of an inorganic insulating material having an
aperture in the center portion thereof, an electrical contact
member including a stationary contact rod (16) inserted into
said envelope through said aperture of the upper end plate, a
stationary electrical contact {18} secured to said stationary
contact rod, a movable contact rod (20) inserted into said
envelope through said aperture of the lower end plate and a
movabie electrical contact (22) secured to said movabie
contact, a first sealing means for sealing hermetically said
upper end plate to said housing and inciuding a first auxiliary
sealing member (30) made of a plastic deformable metallic
material which is deformable by the thermal stress and a
metallized portion provided between said first auxiliary
sealing member and said upper end plate, a second sealing
member for sealing hermetically said lower end plate to said

housing and including a second auxiliary sealing member
(32) made of a plastic deformable metallic material which is
deformable by the thermal stress and a metallized portion
provided between said second auxiliary sealing member and
said lower end plate, first supporting means for supporting
and securing hermetically said stationary contact rod to said
upper end plate including a metaliized portion provided
between said upper end plate and said stationary contact
rod, and hermetic seal means for sealing movably and
hermetically said movable contact rod (20) to said lower end
plate including a bellows (40) for securing said movable
contact rod to said lower end plate and a metatllized portion
(34b) provided between said lower end piate and said
bellows. According to the present invention, the sealing
performance of the envelope is enhanced by using the
auxiliary sealing members in the sealing portions of the
envelope.
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.A VACUUM INTERRUPTER

The present invention relates to a vacuum
interrupter and, more particularly, a vacuum interrupter

manufactured by using a suitable metallic auxiliary sealing

material.

Vacuum circuit interrupters are, denerally,
constructed by a highly evacuated envelope, a stationary
electrical contact provided in the envelope, a movable

electrical contact provided in . the envelope so as to be

. opposite to the stationary electrical contact and shields.

The envelope comprises, substantially, a tubular housing, a
pair of end plates. The housing is, generally, fabricated
by a c¢ylindrical insulating material, and a pair of
metallic end plates used to form the evacuated envelope.

Moreover, the vacuum interrupter is, generally,
constructed by the steps of fixing an upper and a lower end
plates to each axial end of a cylindrical insulating having
respectively, mounting a bellows on the- lowe end plate,
inserting a movable contact rod iﬁto the bellowé, securing
a movable electrical contact on the movable contact rod,
and incorporating a stationafy contact rod housing a
stationary electrical contact at the bottom thereof to the
upper end plate.

In this conventional vacuum interrupter, it is
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.difficult to makqtheéiameter of the envelope large because-

the envelope 1is very expensive when a large diameter
housing made of glass or ceramics is used as a part of the
envelope. Further, material made of an _alloy Fe-Ni-Co or
to provide .
an alloy of Fe-Ni is usually employed[a vacuum-tight seal.
This vacuum tight-seal is also very expensive 55 Qell as
having magnetic properties. The vacuum interrupter,
therefore, becomes very expensive an;f low reliaH{lity
because the temperature thereof rises due to the eddy

current generated by high current flow of the contact rods.

~y
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It is an object of the present invention to
provide é highly reliable and high performance vacuum

interrupter.

- ) L Ny - . . 13
In carrying out the present invention in one

form, there is provided a vacuum interrupter and method of
making :

A;he vacuum interrupter comprising an evacuated envelope
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. including a cylindrical housing made of a metallic material

and having metallized portions formed at the axial ends
thereof and a disc-shaped upper end plate made of inorganic
ceramics such as a high alumina contained ceramics or
crystallized glass and having an aperture at the center
thereof, a sttionary electrical contact mounted on an end
of a stationary contact rod inserted into said envelope
through said aperture of said upper end plate, a movable
contact rod inserted into the envelope through the aperture
of said lower end plate, a bellows supporting said movable
contact rod and made of a metallic material in the form of
an austenite stainless steel, having an uppér end, the
lower end of said bellows is fixed to said lower end plate
by means of a brazing material, shielding means for

shielding the inner surface of the insulating portion of

. the envelope, and an auxiliary sealing member for aiding

the brazing between the metallic portion and the insulating
portion.

According to a second aspect of the present
invention, therefore, there 1is provided- a method of
manufacturing a vacuum interrupter which comprises a step
of:

providing a cylindrical housing made of a
metallic material in the form of an austenite stainless
steel, disposing a disc-shaped upper end plate having an
aperture in the center thereof and a disc-shaped lower end

plate by means of an auxiliary sealing members which are
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. made of Cu or Fe, having'substantially the same coefficient

cf thermal expansion as the insulating upper and lower end
plates, both of which are made of inorganic insulating
materials at the respective axial ends of said housing to
form an envelope, mounting a bellows of an austenite
stainless steel, having an upper end and a lower énd, on
the central portion of said lower end plate by means of
said brazing material, supporting a movable contact rod of
Cu, having an upper and a lower end, at the upper end of
said bellows by means of said brazing material,

mounting movable electrical contact made of an
alloy including Cu on the upper end of said movable contact
rod by means of said brazing material,

inserting a stationary contact rod of Cu, having
an upper and a lower ends, in the aperture ofrsaid upper
end plate by means of said brazing material,

) mounting a stationary electrical contact made of
an alloy including Cu, at the lower end of said stationary
contact rod by means of said brazing material, and

heating said inserted brazing 'material to a
brazing temperature range between 900°C -and 1050°C while
evacuating the envelope at a pressure less than 1.0"5 Torr.
in order to melt said brazing material and evacuated
gaseous products of brazing.

According to a third aspect of the invention,
therefore, there is provided a method of constructing a

vacuum power interrupter which comprises the steps of:

AX)
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. supporting an upper end plate made of an inorganic

insulating material and having an aperture in the center
portion thereof horizontally, inserting’ a stationary,
contact rod made of Cu into séid aperture pf the aperture
of the upper end plate by means of brazing material,
mounting a sttionary electrical contact made of an alloy
including Cu on an end of said stationary contact rod to
form a stationary portion, disposing a lower end porti;n of
a bellows made of an austenite stainless steel on a lower
end plate made of an-inorganic insulating material, having

an aperture in the center portion thereof, by means of a

metallized portion and a braéing méterial, inserting a

movable contact rod made of an alloy inciuding Cu into said
bellows through said aperture of the lower end plate by
means of a brazing material, disposing a movable electrical
contact made of Cu on an end portion of said stationary
contat to form a movable portion, providing a housing made
of a non-magnetic metallic material, mounting a first
auxiliary sealing member made of a metallic material which
is deformable by the thermal stress at a high temperature

among the cooling process after brazing, mounting a second

auxiliary sealing member made of a metallic material which .

is deformable due to the thermai stress in brazing by means
of a brazing material to form a housing portion, heating
said stationary portion, said movable portion and said
housing portion to a brazing tempegature range between

900°C and 1050°C while evacuating said sttionary portion,
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. said movable portion and said housing portion at a pressure

5 Torr. in order to melt said

which is 1less than 10~
brazing materials and evacuate gaseous products of brazing,
mounting said brazed stationary portion on said first
auxiliary sealing member of the housing portion by way_of.a
brazing material, mounting said brazed movable portion on
said second auxiliary sealing member of the housing portion
by way of a brazing material and, heating said prevf;hsly
assembled interrupter to a brazing temperature range
between 550°C to 1050°C while evacuating at the envelope at
a pressure which is less than 107> Torr. in order to melt
said brazing materials and evacuate gaseous products of

brazing.
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The invention as claimed provides:

A vacuum power interrrupter comprising in
combination;

an envelope including a cylindrical housing made
of a metallic material, a disc-shaped upper end plate made
of an inorganic insulating material having an aperture in
the center portion thereof and a disc-shaped lower end
plate ﬁade of an inorganic insulating material having an
aperture in the center portion thereof; |

an electrical contact member including a
stationary contact rod inserted into said envelope through
said aperture of the upper end plate, a stationary
electrical contact secured to said stationary contact rod,
a movable contact rod inserted into said envelope through
said apperture of the 1lower end plate and a movable
electrical contact secured to said movable contact, both of
the stationary contact rod and the movable contact rod are

made of Cu;

a shielding member for shielding inner surface of

said envelope; .

a firstrsealing'means for sealing hermetically
said upper end plate to said housing and including a first
auxiliary sealing member made of a plastic deformable
metallic material which is deformable by the thermal stress
and a metallized portion provided between said first
auxiliary sealing member and said upper end plate;

a second sealing member for sealing hermetically
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.said lower end plate to said housing and including a second

auxiliary sealing member made of a plastic deformable
metallic material which is deformable by the thermal stress
and a metallized portion provided between said second

auxiliary sealing member and said lower end plate;

0043258

first supporting means for supporting and
secﬁring hermetically said stationary contact rod to said
upper end plate including a metallized portion provided
between said upper end plate and said stationary contact
rod; and .

hermetic seal means for sealing movably and
hermetically said movable contact rod to said lower end
plate including a bellows for securing said movable contact
rod. to said lower end plate and a metallized portion

provided between said lower end plate and said bellows.

An advantage offered by the invention is that by

constructing an envelope by employing a.housing made of a
non-magnetic metallic material, end plates made of
insulating materials in the form of .a ceramics or
crystallized glass and auxiliary sealing members made of
metallic materials which are deformable due to the thermal

stress at the hlgh temperaturg,it is possible
to prov1de a vacuum power interrupter of which a dlameter

can be easily and inexpensively made large in order to

enhance the performance of the vacuum power interrupter,
!
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Ways of carrying out the invention are described in
detail below with reference to drawings which illustrate

several specific embodiments, in whichi-

Figure 1 is a cross :_sectib‘h.éi.wview throuéh a
vacuum interrupter embodying one form of the invention.
Figure 2 is an enlarged view of a partial portion
of the interrupter of Figure 1.
Figure 3 is an enlarged view of a partial portion
of the interrupter of Figure 1.
| - Figure 4 is a graph showing characteristics of
metallic materials employed in the vacuum interrupter of
the present invention.
Figure 5 is a fragmental sectioned view of other

embodiment of a vacuum interrupter according to the present
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. invention.

Figure 6 is an enlarged view of a partial portion
of a modification of the interrupter shown in Figure 5.

Figure 7 is an enlarged view of a partial portion
of other modification of the interrupter shown in Figure 5.

Figure 8 is an enlarged view of a parfial bortion
of further modification of the interrupter shown in
Figure 5.

Figure 9 is a fragmental sectioned elevational
view of a modification of the interrupter of Figure 5.

Figure 10 is a fragmental sectioned elevational

view showing other embodiment of the present invention.

Figure_ll is a fragmental sectioned view of other
embodiment of a vacuum interrupter according to the present
invention.

Figure 12 is a fragmental sectioned view of
further embodiment of a vacuum interrupter according to the
present invention.

Figure 13 is a cross sectioned.view of a partial
portion of a modification of the interruptefrof Figure 12,

Figure 14 is a cross sectioned view of other
modification of the vacuum interrupter of Figure 12,

Figure 15 is a cross'sectioned view of further
modification of the vacuum interrupter of Figure 12.

Figure 16 is a fragmental sectioned view of an
embodiment of a vacuum interrupter accqrding to the present

invention.
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Figure 17 is.a fragmental sectioned view of a
modification of the vacuum interrupter of Figure 16.

Figure 18 is a fragmental sectioned view of other
embodiment of a vacuum interrupter acéording to the present

invention.

Figure 19 is a fragmental sectioned view of a
modification of the vacuum interrupter of Figure 18.

Figure 20 is a fragmental sectioned view of other
embodiment of a vacuum interrupter according to the present
invention. 7

Figure 21 1is a fragmental sectioned view of
further embodiment of a vacuum interrupter according to the

present invention.

Referring to the drawing, particularly ¢to
Figures 1 to 3, there is shown as first embodiment of a
vacuum interrupte in accordance with the present invention.
The vacuum interrupter Af the invention .comprises,
substantially, " an_ evacuated~ envelbpe A including a
cylindrical housing 10 made of a non-magnetic material in
the form of.an austenite stainless - steel, an upper end
plate 12 and a lower end plate 14, both of which are méde of
inorganic materials such as alumina ceramics or
crystallized giass, an eleé;rical contact member B
including a stationary contact rod 16 supported by the
upper end plate 12, a stationary electrical contact 18

secured to the statiohary contact rod 16, a movable contact
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.rod 20 supported by the lower end plate 14, a movable

electrical contact 22 secured to the movable contact rod
20, and a shielding member C for shielding an internal
surface Sf the end plates 12 and 14.

The vacuum interrupter of the invention further
comprises first sealing means D for sealing he?métically
theiupper end plate 12 to the housing 10, second sealing
means E for sealing hermetically the lower end plate 14,
first supporting means F for Suppofting and securing
hermetically the stationary contact rod 16 to the upper end

plate 12, and hermetic seal means G for sealing movably and

hermetically the movable contact rod 20 on the lower end

plate 14.

As is shown in Figure 1, the upper end plate 12
is secured to one end of the housing 10, and the lower end
plate 14 is secured to other end of the housing 10 to form
the envelope A. In the electrical contact member B, the
stationary eleqtrical contact 18 has a circular recess 1l8a
provided'in the centerrportion thereof. .an end portioq of
the stationary contact rod 16 is inserted.and secured to
the bore 18a. The movable electrical  contact 22 is
provided with a circular recess 22a in the center portion
thereof and a ring-shaped slot 22b on the opposed surface
to the stationary electrical contact 18. An end portion of
the movable contact rod 20 is inserted and secured to the
recess 18a, and an electrical contact ;ing 22c is disposed

on the slot 22b to form the contact member B.

*y
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The shielding'member C comprises a first main
arc-shield 23 mounted on the stationary contact rod 16, a
first auxiliary shield 24 secured on the upper end plate
12, a second main arc-shield 26 mounted on the movable
contact rod 20 and a second auxiliary shield 28 secured to
the lower end plate 14.

In more detail, axial and circular stepped
portions 10a and 10b are provided at inner surfaces of open
end portions of the housing 10. A first auxiliary sealing
member 30 is fitted between the housing 10 and the upper
end plate 12, A second auxiliary sealing member 32 is
provided between the housing 10 and the lower end plate 14,
The first auxiliary brazing member 30 has a ring-shaped
flat portion 30a and a tubular portion 30b formed in one
piéce with the flat portion 30a. The second auxiliary
sealing member 32 has also a ring-shaped flat portion 32a
and a tubular portion 32b formed in one peace with the flat
portion 32b. The upper end.plate ;2 has an apérﬁure 12a
provided in the center portion‘ thefebf and a tubular
portion 12b formed at the peripheral edge portion thereof.
The lower end plate 14 has an aperture l4a.provided in the
center portion thereof and a tubular portion 14b formed at
the peripheral edge portion thereof.

As is shown in Fiqures 1 and 2, first sealing
means D comprises the stepped portion 1l0a of the housing
10, the first auxiliary sealing member 30 fitted in the"

stepped portion 1l0a of the housing 10, and the upper end
g,
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. plate 12 disposed on the auxiliary sealing member 30 by

means of a metallized portion 34 provided on an end of the
tubular portion 12b of the upper end plate 12. The second
sealing means E comprises the stepped portion 10b of the
housing 10, the second auxiliary sealing member 32 fitted
in the stepped portion 10b of the housing 10, ana the lower
end plate 14 fitted in the auxiliary brazing member 32 by
means of a metallized portion 34 provided on an end of the
tubular portion of the lower end plate 14.

As is shown in Figures 1 and 2, a clip ring 36a
is fitted into an annular slot 1l6a provided on the
circumferential surface of the sttionary contact rod 1.
The stationary' contact rod 16 is inserted into the
housing 10 through a third auxiliary sealing member 38.
The third auxiliary sealing member 38 is provided with a
tubular portion 38a and a flange portion 38b. A metallized
portion 34 1is provided in an inner surface of the
aperture 12a of the upper end plate 12. The tubular
portion 38a of the third auxiliary sealing member 38 is
inserted into the aperture 12a by way of the metallized
portion 34, Accordingly; the first supporting means F
comprises the clip ring 36a and the third auxiliary sealing
member 38. ‘

As 1is shown in Figures 1 and 3, the movable
contact rod 20 is inserted into a bellows 40. An upper
end 40b of the bellows 40 is secured in vacuum-tight seal

by means of a brazing material 42. A lower end of the
L]
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. bellows 40 is inserted into the aperture l4a of the lower

end plate 14 and is secured in vacuum-tight seal by means
of a metallized portion 34b and a brazing material 42 to

form the hermetic seal means G.

In more detail, the cylindrical housing 10 of the
envelope A is made of a non-magnetic metallic material in
the form of the austenite stainlessrsteel which has the
high mechanical strength; Both open end portions of the
housing 10 are provided with axial stepped portions 10a and
10b located inner periphery side of the housing 10. The
upper end plate 12 is made of an inorganic insulating
material in the form of cerami¢s"or crystallized glass and
ﬁas a ring-shaped p;ojection 12b projecting toward the
inner side of the envelope 10. The lower end plate 14 is
made of an inorganic insulating material such as ceramics
or crystallized glass and has a ring-shaped projection 14b
at the edge portion thereof and projecting toward thé inner

side of the envelope 10. The first auxiliary sealing

member 30 is made of a plastic déﬁbrmabie metallic material

such as Cu and is provided “with a fing-shaped flange

portion 30a and a short tubular-shaped projection 30b; As
is best shown in Figure 2, the flange portion 30a of the
first auxiliary sealing member 30 is disposed on the
stepped portion 1l0a of the houéing io; The flange 24a of
the first auxiliary shield 24a is provided between the
stepped portion 10a of the housing 10 and the flange 30a of

the first auxiliary sealing member 30. The projection 12b
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.0f the upper end plate 12 is disposed on the flange portion’

30a of the first auxiliary sealing member 30 via a
metallized portion 34. The brazing materials 42 azre
provided between the stepped portion 10a of the housing 10
and the flange 30a of the first auxiliary sealing member 30
and between the end of the housing 10 and the tubular
portion 30b of the first auxiliary brazing member 30.
Accordingly, the first sealing means D is comprised by the
stepped portion 1l0a, the ring-shaped projection 12b of the
upper end plate 12, the metallized portion 34 provided on

the end surface of the projection 12b of the upper end

plate 12 and the brazing materials 42.

As is shown in Figure 1, the second sealing
means E comprises, similar to the first connecting means D,

the stepped portion 10b of the housing 10, the second

- auxiliary sealing member 32 provided in the stepped

porti5n 10b of the housing 10, the projection 1l4b of the
lower end plate 14 is fixed into the second auxiliary
sealing member 32 via a metallized portién 34.

As is best' shown 1in Figures .i and 2, the
stationary contaét rod 22 is made of Cu, and is inserted
into the housing 10-through the aperture 12a of the upper
end plate 12 and is secured to'the upper end plate 12 by
means of the first supporting means F, The first
supporting means F comprises the aperture 12a of the upper
end plate 12, a third auxiliary brazing member 38 having a

tubular portion 38a and a flange portion 38b integrally

\d
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. formed with the tubular portion 38a, which is made of a

plastic deformable material in the form of Cu, the upper
end plate 12 made of the inorganic insulating material, a
metallized portion 34 which is provided on an inner surface
of the aperture l2a, a clamping member in the form of a
cover ring 36a fixed- into an annular groove l6a of the
stationary contact rod 16.

The movable electrical contact 22 hés a circular
recess 22a, a ring-shaped slot '22b and a ring-shaped
contact segment 22c fixed into the slot 22b. The movable
contact fod 20 is insertea and fixed in the circular slot
22a of the movable electrical contact722. As is shéwn in
Figure 3, the movable cbntact rod 20 is movably secured to
the lower end plate 14 by means of the second supporting
means G including the bellows 40 mounted on the movable
contact rod 20, a clamping member in the form of a cover
ring 36c fixed to an annular groove 20a of .the movable
contact rod 20 and a brazing material 42. An upper end of
the bellows 40 is secured to the movabie contact rod 20. A
lower eﬁd'of the bellows is inserted iﬁtowthe aperture l4a
of the lower end plate 14 and ié secured - to the lower end
plate 14 by the metallized portion 34 provided on an inner
surface of the aperture l4a and a brazing material 42.

The shielding member C is made of a non-magnetic

material in the form of an austenite stainless steel. The

main arc-shield 23 comprises a circular flat portion 23a, a-

tubular portion 22b and an aperture 23c provided at the
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.center portion of the flat portion 23a. The arc-shield 23

is inserted to the stationary contact rod 16 through the
aperture 23c and is fixed to a clamping member in the form
of a cover ring 36b fixed to an annular slot 16b of the
stationary contact rod 16 by means of the brazing
material 42. The first auxiliary shield 24 cbmpéises a
tubular portion 24a and a flange portion 24b. The flange
portion 24b of the first auxiliary shield 24 is secured to
the stepped portion 1l0a of the housing 10. The first
auxiliary shield 24 has a smaller diameter than that of the
first main arc-shield 22 and is coaxially provided with
respect to the first main arc-éhield 22. The second main
arc-shield 26 of the shielding member C has a circular flat
portion 26a, a tubular portion 26b and an aéerture 26¢

provided at the center portion of the flat portion 26a.

.The arc-shield 26 is mounted on the movable contact rod 20

by the aperture 26c, cover ring 36c and the brazing
material 42. The second auxiliary shield 28 has a tubular
portion 28a and a flaqge portion 28b which is secureq to
the stepped porfion 10b of the housing 10.

Referring now to the material of each component
of the vacuum interrupter, the housing 10 is made of a non-
magnetic metallic material in tﬁe form of an austenite
stainless steel having the high mechanical strength. Each
of the upper and lower end plates 12 and 14 is made of the

inorganic insulating material such as an ceramics or a

crystallized glass. Metallized portions 34 are made of

»
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-metal alloy obtained by adding Mo or Mn to Ti (Mn-Ti alloy

or Mo-Mn-Ti alloy) having the same coefficient of thermal
expansion as that of the end plates 12 and 14, having a
brazing temperature between 600°c and 100°c. The
stationary contact rod 16 and the movable contact rod 20
are made of Cu having-a brazing temperature between 600°¢C
and 1000°C. The electrical contacts 18 and 22 are made of
Cu. The shielding member C is made of a non-magnetic
material in the form of an austenite stainless steel. The
bellows 40 is made of an austenite stainless steel. Each
of the first auxiliary sealing member 30 and the second
auxiliary sealing member 32 is m#de of a plastic deformable
material in the form of Cu which is deformable by the
thermal stress generated between the metallic housing 10
and the end plates 12 and 14 in slow cooling after the
brazing and which is empioyed to enhance the sealing
connection between the metallic housing 10 and_thé upper
and lower end plates 12 and 14 -having the different
coefficients of thefmal expansion from that of the housing
10. The auxiliary sealing members 30 and 32 can be made of
Fe which is also deformable by the thermal stress in
cooling after brazing. Further, the auxiliary sealing
members 30 and 32 can be made of Fe-Ni-Co alloy or Fe-Ni
alloy, which has the approxiﬁately same coefficient of
thermal expansion with that of the end plates 12 and 14, in
case that the housing 10 is made of Cu or Fe which is

deformable by the thermal stress generated in slow cooling

8
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.after the brazing. The third auxiliary sealing member 38

is made of Cu which is also deformable by the thermal
stress generated by the difference of the coefficient of
thermal expansion between the upper end plate 12 and the
stationary contact rod 16. Further, the third auxiliary
brazing member 38 can be made of Fe-Ni-Co alioy.or the
Fe-Ni alloy, as in the case of the first and second
auxiliary sealing members 30 and 32, Additionally, the
shielding member C can be made of the- inexpensive Fe when
the vacuum interrupter is employed to thg relatively low
current and low voltage power system.

A method of manufacturing a vacuum interrupter
according to the first embodiment of the présent invention
is now described in conjunction with Figures 1 to 4 of the
accompanying drawings.

Referring to Figure 1, the vacuum power
interrupter is constructed by the steps of disposing
firstly the lower end plate 14 horizontally at the axial
end of the housing 10 by means of the‘brazing'material,
mounting the bellows 40 on the lower end piate 14 by means
of the brazing material 42 such that a tubular portion 40a
is inserted into the aperture l4a of the lower end plate 14
by way of the metallized portibn 34b, fitting the second
auxiliary sealing member 32 into projecting portion 14b of
the lower end plate 14 by way of the metallized portion 34
and the brazing material 42, disposing the flange portion

28b of the second auxiliary shield 28 by way of the brazing

]



10

15

20

25

- 0043258

.material 42, fitting éhe stepped portion 10b of the

housing 10 to the second auxiliary sealing member 32 by way
of the flange 28b of the shield-28, surrounding the movable
contact rod 20 at the upper end 40a of the bellows 40 by
means of brazing material 42, supporting the movable
contact rod 20 on the bellows 40 by means of the cover
ring 36c, inserting the second main arc-shield 26 to the
movable contact rod 20 such that the tubular portion 26b is
directed toward the lower end plate 14 and the flat
portion 26a is fixed to the cover ring 36c by means of
brazing material 42, mounting the electrical movable
contact 22 6n thé upper end of the movable contact rod 20
by means of the circular groove 22a and the brazing
material 42, disposing the sttionary electrical contact 18
at the lower end of the stationary contac% rod 16 by means
of the circular recess 18a and the brazing material,
disposing the first main arc-shield 22 on the stationary
contact rod 16 by means of the cover ring 36b and the
brazing material 42, disposiﬂg tﬁe flahge 24b of the first
auiiliary shield 24 on the stepped portion 1l0a of the
housing 10 by means of the brazing material 42, fitting the
first auxiliary sealing member 39 into the stepped
portion 10b of the housing 10 by means of the flange 24b of
the shield 24 and the brazingimaterial 42, inserting the
sttionary contact rod 16 into the aperture 12a of the upper
end plate 12, inserting the third auxiliary sealing

member 38 to the stationary contact rod 16 such that the
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- tubular portion 38a of the brazing member 38 is fitted into

the aperture 1l2a by way of the metallized portion 34a,
securing the‘stationary contact rod 16 to the upper end
plate 12 by means of the aperture 1l2a, the metallized
portion 34a, the third auxiliary brazing member 38, the
cover ring 36a and the brazing material 42, and. di'sposing
the upper end plate 12 on the first auxiliary sealing
member 30 by means of the metallized portion 34 and the
brazing material 42. The following steps are further
carried out: heating the brazing materials 42 which are
inserted into between each component of the vacuum power
interrupter at the brazing temperature which is between
950°C and 1050°C_ while evacuating at the pressure which is
less than 10-5 Torr. in a vacuum oven, and letting gases
induced by heating each component out of the vacuum power
interrupter. When the brazing material inserted in each
compoﬁent is melted the respective components of the vacuum
power interrupter are securely and hermetically fixed each
other. Additionally, it -‘is preferable that héat_:ing
temperature is high within the range of meléing temperature
of brazing material and the pressure is less than 1073
Torr. The temperature of the vacuum furnace is gradually
decreased to the room temperfure and the vacuum power
interr-upter assembled is maintained at the room temperature
during predetermined time interval. In this case, the
upper limit of the heating temperature is determined by

1053°C of copper melting temperature, and lowest heating

*a
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- temperature is determined by 900°C of brazing temperature

of stainless steel. The highest heating temperature may be
less than 900°C by providing the Ni plating on the brazing
portions such as the housing 10 and the bellows 40 made of
the austenite stainless steel. - —

Figure 4 shows the thermal characteristics of the
tensile strength F and the expansion U of Cu and Fe, with
respect to to the temperature T. 1In Figure 4, a curva Al
shows the tensile strength of thg Cu with respect to the
temperature, and a curve B, designates the tensile strength
of the Fe with respect to'the temperature. Further, a
curve A, shows the expansion réte of Cu, and a curve B2
shows the expansion rate of .Fe with 'respect to the
temperature. As is shown by the curves Ay, By and A,, B, of
Figure 4, the tensile strengtﬁ of the material made of Cu
decreases with the increment of temperature, and the
expansion rate decreases and then increases with the
increment of the temperature. . Accordingly, it 1is
appreciated that the deformability is Eerformed due to the
thermal stress in brazing and ghereby the sealing of the
junctions of the envelope is seéured and that the residual
thermal stress is very small, because the tensile strength
the auxiliary sealing members made of Cu or Fe are very
small comparing with that of the insulating end plates 12
and 14 made of the inorganic insulating materials such as

the ceramics or the glass, when the auxiliary sealing

members are brazed to the housing 10 and the end plates 12
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.and 14 at the high temperature less than 900°C.

Accordingly, the high sealing performance and the high
mechanical strength of the envelope are obtained by
employing the auxiliary sealing member made of Cu, Fe,
Fe-Ni-Co alloy or Fe-Ni alloy, 1in spite that the
coefficients of the thermal expansion of the end plates 12
and 14 made of the inorganic insulating material in the
form of ceramics differ from that of the housing 10 made of

the metallic material such as the .austenite stainless

steel, Cu or Fe. It is considered that the high sealing

performance between the end plates 12 and 14 and the
housing 10 is obtained when the housing 10 is made of Fe,
because the coefficient of thetﬁal expansion of the Fe is
smaller than that of the Cu in spite that tensile strengt
of the Fe with respect to the temperature is larger than
that of Cu as is shown in Fiqure 4 and that the creep
strain rate of Fe is smaller than that of Cu, under the
predetermined temperature. Further, the high sealing
performance between the end plate 14 and the bellows 40 can
be obtained due to thé plastic deformatioﬁ thereof, since
the thickness of the bellows 40 is §ery small (about
0.1 - 0.2 mm) and the thermal stress thereof is smaller
than that of the lower end platé 14,

From the foregoing description, it will be
appreciated that the following advantages can be achieved
in the first embodiment of the vacuum interrupter according

to the present invention:

®y
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Since the auxiliary sealing members which are
deformable due to the thermal stress generated in cooling
after the brazing are employed to connect the end plates
made of insulating materials to‘the metallic materials in
the form of the housing and the stationary contact rod,. the
sealing performance -of the interrupter 1is extremely
enhanced by the aid of the auxiliary sealing members.

Since the sealing between the components of the
vacuum interrupter and the removement of the gas generated
in brazing are simultaneously carried out by heating the
pre#iously assembled interrupter at the temperature
ranging from 900°C to 1050°C in the vaéuum oven, ther
manufacturing process 1is simplified as well as high
reliable and good performance vacuum interrupter can be
obtained.

Figure 5 shows the second embodiment of the
vacuum interrupter in aqcordance with the present
invention. 'In the second embodiment of the vacuum
interrupter, the difference £from the first embodiment
stated above.;esidés in a shielding member C, the second
sealing meanérE, the first securing means F and hermetic
seal means G. In Figure 5, the same reference numerals
designated in Figure 1 through  Figure 3 indicate
corresponding parts of the vacuum power interrupter and
therefore a detailed description of the corresponding parts

described above will be omitted.

As shown in Figure 5, a first main arc-shield 44
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- has a disc-shaped flat portion 44a having an approximately"

same diameter as that of the stationary electrical contact
18, a tubular portion 44b formed integrally with the flat
portion 44a and a curved portion 44c curved rectangularly
from the outer edge of the flat portion 44a. The tubular
portion of the first main arc-shield 44 is fitfed.to the
sfationary contact rod 16. A first auxiliary shield 46 has
a circular £flat portion 46a, a tubular portion 46b, a
flange portion 46d and an aperture 464 provided in the
center of the flat portion 46a. The flange portion 464 is

secured to a stepped portion 10a of a housing 10. A second

main arc-shield 48 comprises, similar to the first main

arc-shield 44, a circular flat portion 48a, a tubular

portion 48b and a curved portion 48c. The tubular

portion 48b is fitted to a movable contact rod 20, A

.second auxiliary shield 50 has a disc-shaped f£flat

portic;n 50a, a tubular portion 50b and an aperture 50c
provided at the center portion of the flat portion 50a. An
open end of the shield 50 is secured to an internal surface
of a lower end plate 14,

A peripheral portion of an upper end plate 12 is
disposed on the flange 46c of the shield 46 by means of a
brézing material. A diameter of the upper end plate 12 is
smaller than an inner diameter of the stepped portion 1l0a
of the housing 10. A first auxiliary sealing member 30 has
a_ ring-shaped flat portion 30a aq@ a short tubular

portion 30b. The tubular portion 30b is fitted into the

*y



10

15

20

25

27 0043258

.stepped portion 1l0a, and the upper end plate 12 is fitted

into the auxiliary sealing member 30 to form the first
connecting means E.

A stationary contact rod 16 comprises an upper
rod portion 1l6c and a lower rod portion 164 whose radius is
smaller than that of -the upper rod portion l6c. Brazing
material 42 is inserted along the edges of the central
aperture 1l2a of the upper end plate 12, the bottom of upper
rod portion 1l6c and the upper end of the 1lower rod
portion 16d. The lower rod portion 164 is inserted into
the envelope A through the aperture 12a of the upper end
platg 12 and the stationary contact rod 16 is supported to
the end plate 12 by the upper rod portion 1l6c to form the
first securing means F. A lower end of a bellows 40 is
fixed to an inner surface of the lower end plate 14 by
means of a metallized portion 34. Accordingly, the sealing.
performance is enhanced, because the mechanical.gt;ength of
sealing is increased.

| Figure 6 through Figure 8 show modifications of
the shielding member C of the vacuum power interrupter of
Figure 5., As is shown in Figure 6, a tubular portion 50b
of a second auxiliary shield 50 is provided with a tapered
portion 50c at an open end portion of the tubular
portion 50c. By providing the tapered portion 504,
mechanical strength of connection between the shield 50 and
a lower end plate 14 1is enhanced, because the thermal

stress due to difference of the coefficient of thermal
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.expansion in brazing. In the modification of the shielding

member C, a semi-circular annular slot 50e is provided on a
surface of the tubular portion 50b of the second auxiliary
shield 50. By the provision of the annular slot 50e to the
tubular portion 50c of the shield 50, the thermal stress is
reduced in brazing the shield 50 to the lower end plate 14.
In the shielding member C shown in Figure 8, a plurality of
axial slits 50f are provided on an open end of the tubular
portion 50b of the shield 50. According to the shielding
member C of Figure 8, the thermal stress is eliminated in

brazing the shield 50 to the 1lower end plate 14 by

providing the slits 50 in the open end of the tubular

portion 50c.
Figure 9 shows a further modification of the

vacuum interrupter of Figure 5. As is shown in Figure 9, a

second auxiliary shield 50 comprises a c¢ircular flat

portion 50a, a tubular portion 50b formed integrally with
the flat portion 50a, an aperture 50c provided at the
center portion thereof and a flange portion 50g curved
rectangularly with respect to the tubular pértion 50b. The
flange portion 50g is secured to a second auxiliary brazing
member 32,

The vacuum interrupter of the second embodiment

is manufactured by the same steps as that of the

‘-manufacturing method of the vacuum interrupter of the first

embodiment. Namely, a brazing material is firstly disposed

between each component of the vacuum power interrupter.

L
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. Next, the wvacuum interrupter previously assembled is

located and inserted into a vacuum furnace and thereafter
the vacuum power interrupter is heated at the brazing
temperature which 1is between 900°c and 1050°C while
evacuating at the pressure which is less than 1073 Torr.
After the brazing material inserted in each component is
melted, the temperature of the vacuum furnace is gradually
decreased to a predetermined temperature and is maintained
the vacuum furnace to the predetermined temperature during
the given time interval. The temperature of the vacuum
furnace is further gradually decreased to a room
temperature. When the temperature is decreased to the room
temperature, the respective components of the vacuum
interrupter are securely and hermetically fixed each other.

Referring now to a third embodiment according to
the vacuum power interrupter which is similar to that of
the first and the second embodiments stated above, in this
embodiment brazing is executed in- two steps, and the
difference from the embodiment describeé above resides in a
shielding member, seéling means and securing means. As is
shown in Figure 10, a stepped portion 1l0c is provided at an
outer surface of one end of a housing 10. A stepped
portion 10d is provided at an outer surface of other end of
the housing 10, A first auxiliary sealing member 30 is
formed with a tubular shape and is fitted and secured to
the stepped portion 10c via a metallized portion 34. An

upper end plate 14 is fitted into the first auxiliary
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. sealing member 30 and is hermetically secured to the

brazing member 42 by means of a metallized portion 34 to
form first éealing means D. A second auxiliary sealing
member E is formed with a tubular shape and is fitted and
secured to the stepped portion 104 of the housing 10 via a
metallized portion 34. A lower end plate 14 is fitted into
the second auxiliary sealing member 32 and is hermetically
secured to the second auxiliary sealing member 32 by means
of a metallized portion 42 to form second sealing means E.
The upper end plate 12 is provided with an aperture 1l2a #t
the center portion thereof. A stationary contact rod 16
has an upper rod portion 16c and a lower rod portion 164 of
which diameter .is smaller than that of the upper rod
portion 16c. A third auxiliary sealing member 38 comprises
a first tubular portion 38a, a flat portion curved
rectangularly from the first tubular portion 38a and a
second tubular portion 38c which has a large diameter and a
shorter than the first tubular portion 38a. The first
tubular portion 38a of the third auxiliary sealing
member 38 is fitted to the lower rod pofEion 16d of the
stationary contact rod 16, and an open end of the second
tubular portion 38c of the third auxiliary sealing
member 38 is secured to an inner surface of the upper end
plate 14 by means of a metallized portion 34 and a brazing
material to form the first supporting means F.

The shielding member C comprises a cup-shaped

first main arc-shield 23 mounted on the stationary contact

‘y
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.rod 16, a tubular-shaped.first auxiliary shield 24 fixed to

an inner surface of the upper end plate 12 by means of a
metallized portion 34, and a brazing material, a sececnd
main arc-shield 26 mounted on a flange 20e of the movable
contact rod 20 so as to be directed toward the lower end
plate 14 and a tubular-shaped second auxiliary shield 28
fixed to an inner surface of the lower end plate 14 so as to
be located coaxially with respect to the second main arc-
shield 26. Since the auxiliary shields 24 and 26 are,
respectively, securéd to the end plates 12 énd 14, the
voltage potential is maintained to an intermediate value
between that of the stationary contact rod 16 and that of

the housing 10 and thereby the insulating strength within

" the envelope A is enhanced.

The materials of the components of the third
embodiment according to the present invention are as
follows: Each component of the shielding member C is made
of an austenite stainless steel. The auxiliary shields 24
and 28 can also be made of Cu or Fe which is deformable by
the thermal stress generated by brazing the auxiliary
shield 24 and 28 to the end plates 12 and 14 in gradual
cooling or can be made of Fe-Ni-Co alloy aro Fe-Ni alloy
which has the approximately same coefficient of thermal
expansion as that of the inorganic material such as an
alumina-ceramics. |

A method of manufacturing a vacuum interrupter

according to the third embodiment of the present invention
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.will now be described in conjunction with Figure 10 of the’

accompanying drawings. For convenience of explanation, the
brazing material is not shown in Figure 10. The vacuum
interrupter is constructed by the steps of supporting the
upper end plate 12 horizontally such that the etallized
portions 34 are directed toward the upper direction,
disposing the first auxiliary shield on the upper end
plate 12 via the metallized portion 34, mounting the third
auxiliary sealing member 38 to the upper end plate 12 by
means of the metallized ©portion 34 and the brazing

material, inserting the stationary contact rod 16 from the

lower direction into the first tubular portion of the third

auxiliary sealing member 38, mounting the first main arc-
shield 22 on the cover ring 36¢c which is fixed to an
annular groove 16b of the stationary contact rod 16 by
means of the brazing material, and fixing a stationary
electrical contact 18 to an end of the stationary contact

rod 16.

The following steps are then further effected:

The lower end plate 14 is supported horizontally so that
the metallized portions 34 is directed toward the upper
direction. The bellows 40 is disposed on the lower end
pléte 14 by way of the metallized portion 42, ©Next, the
movable contact rod 20 is inserted from the upper side into
the -bellows 40 and is disposed onrthe upper end 40a of the
bellows 40 by means of the flange 20e and thereafter the

brazing mateiral is inserted between the upper end 40a and

L)

W

Lo

=



10

15

20

25

33— 0043258

. the flange 20e. The second main arc-shield 26 is inserted

to the upper end portion of the movable contact rod 20 and
is engaged with the flange 20e by means of the brazing
material. The movable electrical contact 22 is secured to
a circular recess 22a of the movable electrical contact 22
by means of the brazing material. Lastly, a contact
ring 22c is secured in a circular recess 22b of the movable
electrical contact 22.

Additionaily, the auxiliary shields 24 and 28 of
the shielding member C can be made of a plastic deformable
metallic material such as Cu or Fe which is deformable in
slowrcooling and due to the thermal stress generated in
brazing, or can be made of Fe-Ni-Co alloy or Fe-Ni alloy
which has same coefficient of thermal expansion as that of
the inorganic insulating material such as the ceramics.
Further, another method of assembling the stationary side
is not limited to the method stated above, the following
steps can be carried out: fhe step is that moﬁnéing the
axiliary shield 24 on the upper end plates 12, inserting
the éhird auxiliary sealing member 38 to the stationary
contact rod 16, engaging the first main arc-shield 23 with
the cover ring 12c¢, and supporting the stationary side
after inserting the stationary contact rod 16 into the
aperture l2a of the upper end plate .12.

The following steps are now effected: Each of the
previously assembled stationary portion, the movable

portion and the metallic housing portion is inserted into
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. the vacuum furnace, a hydrogen environmental furnace or a

deoxidation environmental furnace and is heated by the
conventional method in order to enhance the activation of
the surface of the material made of the austenite stainless
steel and to carry out the digassing. Thereafter the
temperature of each the vacuum £furnace Iis Vgradually
decreased to the brazing temperature and is kept to the
predetermined temperature during a predetermined time
interval. The temperature of the vacuum furnace is further
decreased to the room temperature. The ;eak test of the
brazed stationary portion, the movable portion and the
housing portion are carried out in order to confirm the
sealing performance of the stationary and the movable
portion. When the sealing performance is good, second step
of brazing is carried out in order to construct the vacuum
interrupter. When the sealing performance is wrong, the
brazing stated above is again carried out. 1In the second
step of brazing, the temporary construction of the vacuum
interrupter is carried out by £fitting the stationary
portion and the movable portion to the housing portion.
The temporarily assembled 1is heated at- the temperature
ranging from 500°C to 1050°C at the pressure less than 1077
Torr. In the process of the second step, each of said three
portions is redegassed and then is brazed at high vacuum.
Thereafter, the temperature of the vacuum furnace is
decreased to a predetermined temperature and is kept during

a predetermined time interval at the deformation

£
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. temperature. The temperature of the vacuum furnace is

further decreased from said deformation temperature to the
room temperature.

Although each of the auxiliary brazing members is
brazed to the metallic housing 10 at the first step of
brazing 1in accordance with the manufacturing method
described above, it is possible to braze the auxiliary
sealing members to the end plates in the first step of
brazing. Further, it is possible to carry out the brazing
of the stationary portion and the movable portion in the
fist step of brazing and thereafter to insert the auxiliary
sealing members between the metallic housing and the end
plates in previous assembling which is carried out prior to
the second step of brazing.

From the foregoing description,. it will now be
appreciated that the following advantages as well as the
advantages stated above embodiments of the present
invention can be achieved in the vacuum power igterrupter
according to the present invention:

Since each of a tationary portion, a movable
portion and a housing portion is firstlf and previously
assembled in the first step of brazing and, thereafter, the
interrupter is assembled in the second step of brazing, the
leak check can be performed in the first step of brazing
and thereby the high réliability of sealing of the juncture

is further enhanced.

Figure 11 shows a fourth embodiment of the vacuum
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. power interrupter according to the present invention. The

interrupter of this embodiment is characterized in that an
evacuated envelope A comprises a housing 10 made of a non-
magnetic material such as an austenitic stainless steel,
disc-shaped end plates 12 and 14 made of an inorganic
insulating material such as a ceramic or glass secured to
end portios of the housing by way of auxiliafy sealing
members.

As is shown in Figure 11, first sealing means D
comprises a first auxiliary sealing member 30 made of a
metallic material such as an austenitic stainless steel
connected to the housing 10 and the periphery of an upper
end plate 12. Second sealing means E includes a second
auxiliary sealing member 32, of the same material as the

first auxiliary sealing member 30, connected to the

housing 10 and the periphery of a lower end plate 14. 1In

more detail, the first auxiliary sealing member 30
comprises a first annular portion 30b, the outer diameter
of which is the same as that of the housing 10, a first
flange portion 30a, a second annular portion 30c formed
integrally with the first flange portion - -30a and a second
flange portion 30d formed integrally with the second
annular portion 30c. The first annular portion 30b is
fixed to an end of the housing 10. The peripheral surface
of the upper end plate 12 is fitted into the first annular
portion 30b of the first auxilia;y_ sealing member 30,

sandwiching a metallized portion 34 therebetween. The

%y
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. second sealing means E includes a second auxiliary sealing

member 32 having a first annular portion 32b, a first

flange portion 32a, a secopd annular portion 32c formed

" integrally with the first annular portion 32b by way of the

first flange 325, a second flange 324, and a third annular
portion 32e formed integrally with the second annular
portion by way of the second flange 324.

A shielding member C includes a first curved
auxiliary shield 52 secured to the second flange 304 of the
first auxiliary sealing member 30 and a second auxiliary
shield 54 which is secured to the second flange 32c¢ and the

third annular portion 32e of the second auxiliary sealing

.member 32.

Figure 12 shows a modification of the vacuum
power interrupter of Figure 11. 1In the interrupter shown
in Figure 12, a first auxiliary sealing member 30 of the.
first sealing meand D comprises a first annular portion 30b
and a second annular portién 30f of diameter sﬁaller than
that of the first annular portion 30b and formed integrally
with the first annular portion by way of a flange
portion 30a. The first annular portion 30b is fitted into
the housing 10 and secured to the inner surface of the -
housing by means of brazing. The peripheral surface of an
upper end plate 12 is fitted into the second annular
portion 30f and secured by means of brazing to form the
first seéling means D. A second sealing means E includes a

second auxiliary sealing member 32 having a first annular
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. portion 32b, a flange portion 32a, and a second annular-

portion 32f formed integrally with the first annular
portion 32b via a £flange portion 32a, and is secured
similarly to the first sealing means D.

Figures 13 through 15 show further modifications
of the interrupter of Figure 1l. In the intefrupter of
Figure 13, a first auxiliary sealing member D includes a
flange portion 30a, a first annular portion 30b, a second
flange 30g and a éecond annular portion 30f, all which are
formed integrally. . The first annular portion 30b fits

sealingly within the housing 10, and second flange 30g is

secured on an end of the housing 10. An upper end plate 12

is fitted into the second annular portion 30f, sandwiching
therebetween a metallized portioh 34, to form the firs?
sealing means D.

A second sealing means E includes a second
auxiliary sealing member 32 formed similarly to the first
auxiliary sealing member 30 and is constructured similar to
the first sealing means D.

In the interrupter shown in Fiqure 14, a first
annular auxiliary sealing member 30 is secured to an outer
stepped portion 10c of the housing 10, and an upper end
plate 12 fits sealingly within the first annular auxiliary
sealing member 30 and is fixed to an end of éhe housing 10.
Second sealing means E comprises a second annular auxiliary
sealing member 32 secured to an outer stepped portion 104,

and a lower end plate 14 fitted sealingly within the second
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. annular auxiliary sealing member 32 and fixed to an end of

the housing 10.

In the interrupter of Figure 15, a first
auxiliary sealing member 30 has a flange 30a and a annular
portion 30b. The inner end of the flange 30a is securedto
an outer stepped portion 10c of the housing 10, and an
upper end plate 12 is fitted into and secured to the
annular portion 30b sandwiching therebetween a metalized
portiop 34, to form first sealing means D. Second sealing
means E includes a second auxiliary sealing member 32 which
comprises a flange 32a and an annular portion 32b, and
which is formed as described for the first sealing means D.

In accordance with the vacuum power interrupter
of the fourth embodiment, the mechanical strength against
the mechanical shock generated in the interrupting
operation is greatly increased, since the sealing portions_
are provided with curved stress-relieving portions..

Figure 16 shows a‘fifth embodiment of-the vacuum
pover interrupter according to the present invention. The
vacuum  power interrupter of this embodiment i§
characterized in that auxiliary sealing members are secured
hermetically to both end portions of a metallic housing and
are further secured to insulating end plates hermetically.
As is shown in Figure 16, a first auxiliary sealing
member 30 comprises a first flange portion 30a, a first
annular portion 30b connected to the outer edge of the

first flange 30a, a second flange 30g formed perpend-
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. icularly with respect to the first annular portion 30b, and

a second annular portion 30c connected to the inner edge of
the first flange 30a. An end of a metallic housing 10 is
secured to the second flange 30g. An end of a ring-shaped
projection 12b of an upper end plate 12 is secured to the
first flange 30a of the first auxiliary sealing‘meﬁber 30,
sandwiching therebetween a metallized portion 34 to form
the first sealing means D. A second auiiliary sealing
member 32 is formed similarly to the first auxiliary
sealing member 30. An end of the houéing»lo is secured to
a second flange 32f of the second auxiliary sealing
member 32, and a ring-shaped projection 14b of a lower end
plate 14 is secured to a first £flange 32a, sandwiching
therebetween a metallized portion 34 to form the second

sealing means E. A first supporting means ¥ includes a U-

shaped third auxiliary sealing member 38 for sealingly

connecting a stationary contact rod 16 to an inner surface
of the upper end plate 12. A shielding member C includes a
first curved auxiliary shield 52 which is secured to a
second annular portion 30c of the first auxiliary sealing
member 30 by means of spot welding, and a second curved
auxiliary shield 54 which is secured to a second annular
portion 32e of the second auxiliary sealing member 32 by
means of spot welding.

Figure 17 shows a modification of the
interrupter of Figure 16. The differences between the

interrupter of Figure 17 and the interrupter of Figure 16
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. reside in the shape of an auxiliary sealing member for

aiding the positioning of auxiliary shields for brazing.
As ‘is shown in Figure 17, a first auxiliary sealing
member 30 has a ring-shaped flange 30a and a curved
portion 30c curved inwards and formed integrally with the
flange 30a. An end ‘of a housing 10 is secured to the
flange.30a of the first auxiliary sealing member 30, and an
end of thé curved portion 30c¢ is secured to an end surface
of a ring-shaped érojection 12a of an upper end plate 12 by
means of a metallized portion 34 secured by brazing to form
the first sealing means D. A second auxiliary sealing
membgr 32 comprises a ring-shaped flange 32a and a curved
portion 32c curved inwards and forﬁed integrally with the
flange 32a.. The flange 32a ié, similar to the first
auxiliary sealing member 30, secured to - an end of the
hoﬁsing 10 and an end of the curved portion 32¢ of the
second auxiliary sealing member 32 is secured to an-end of
a ring-shaped projection 145 of a lower end plate 14 by
means of brazing such that the lower end plate 14 is spaced
apart from the housing 10, in order to form second sealing
means E. A shielding member C includes a first auxiliary
shield 52 which is curved inwards and a second auxiliary
shield 54 curved inwards. One end of the shield 52 is
fixed to an inner surface of the curved portion 30c of the
first auxiliary sealing member 30 by brazing or spot
welding and the other end is brazed to the inner surface of

the upper end plate 12. An end of the shield 54 is secured
i



10

15

20

25

~42 -~ 0043258

. to an inner surface of a lower end plate 14 by brazing, and

an axial portion of the shield 54 is fastened to the curved
portion 32c of the second sealing member 32 by brazing or
spot welding.

In accordance with the vacuum jpower interrupter
shown in Figures 16 and 17, mechanical stress éué to the
interrupting operation of the interrupter is relieved as
well as the thermal stress due to brazing, and high
reliability of sealing and high -efficiency of the
interrupter can be achieved, since the auxiliary sealing
members have the curved stress-absorbing portions.
Further, the diameter of the housing can be increased
inexpensively apd easily, and brazing material can be
provided easily in the assembly, since the ends of the
housing and the end plates are hermetically connected by
means of the auxiliary sealing members.

] Figure 18 shows a sixth embodiment of the vacuum
power interrupter according to the present invention. 1In
the vacuum power interrupter of Figure 18, auxiliary
sealing members 'are provided with at least one curved
portion for absorbing the mechanical stress generated by
activation of the interrupter or by thermal stress during
bfazing. One end of the auxiliary Sealing member is
secured to an end portion of the' housing by means of
brazing, and other end of the auxiliary sealing member is
fastened to an end plate.

In more detail, a cylindrical housing 10 is made

]

3
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. of a non-magnetic metallic material such as an austenitic

stainless steel of which the mechanical strength is
relatively large. The housing 10 has a flange l0e curved
toward the axis of the housing 10. A first auxiliary
sealing member 30 comprises a flange portion 30a, an
annular portion 30b curved at right angles with respect to
the flange portion 30a, and a curved portion 30h curved

into a semi-circular shape. One end of the housing 10 is

inserted into the annular portion 30b of the first

auxiliary sealing member 30. One end of the curved
portion 30h is secured to the end of a projection 12b
provided on the rim of an upper end plate 12, sandwiching a
metallized portion 34 therebetween. Accordingly, 'the
first sealing means D comprises the first auxiliary sealing
member 30 having the flange portion 30a, the first annular
portion 30b extending at right angles and the semi-circuiar
curved portion 30h, the end of the housing 10, which is
inserted into the annulaf. portion 30b of £he first
auxiliary sealing member 30, and the rim of the upper end
plate 12 to which the end of the curved portion 30h of the
first auxiliary sealing member 30. The second sealing
means E comprises an end of the housing 10, a second
aukiliary sealing member 34 having a ring-shaped flange
portion 32a, an annular portion 32b having a diameter
smaller than that of the flange portion 32a, and a curved
portion 32h formed integrally with the flange portion 32a

and the annular portion 32b, and an end of a projection 14b
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. which is secured to an end of the annular portion 32b of

the second auxiliary sealing member 32. First supporting
means for supporting and securing hermetically a stationary
contact rod includes a cup-shaped third auxiliary sealing
member 38 and a ring-shaped metallized portion 34 provided
on an upper surface of the upper end plate 12, Oné end of
the third auxiliary sealing member 38 is fixed to a lower
rod portion 16d of the stationary contact rod 16. The
other end of the auxiliary sealing member 38 is secured to
the upper surface of- the upper end plate 12 by means of the
metallized portion 34 to support the stationary contact
rod 16. Each of the auxiliary sealing members is made of a
metal, such as Qu or Fe which is deformable by the thermal
stress generated by the slow cooling after brazing.

A shielding member C comprises a first main arc-

) shield 56 mounted on the stationary contact rod 16, a first

auxiliary shield 58 provided coaxially with respect to the
first main arc-shield 56, a second main arc-shield 60
mounted on a movable contact-rod 20 and a second auxiliary
shield 62 provided coaxially with respect- to the second
main arc-shield 60. The first main arc-shield 56 comprises
a first annular portion 56a fixed to the 1lower rod
portion 16d and secured to a stationary glectrical
contact 18, a ring-shaped flat portion 56b formed
integrally with the first tubular portion 56a and a second
annular portion 56¢c formed integrqlly with the flat

portion 56b and directed toward the upper end plate. The

o
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. second main arc-shield 60 is formed by a first annular

portion 60a fitted to the movable contact rod 20 and
fastened to a movable electrical contact 22, a ring-shaped
flat portion 60b formed integrally with the first annular
portion 60a and a second annular portion 60c formed
integrally with the flat portion 60b and directed toward
the lower end plate 14.

The first auxiliary shield 58 includes a first
annular portion 58a having an outer diameter smaller than
that of the first main arc-shield, a first flange
portion 58b extending outwards from the first tubular
portion 58a, a second annular portion 58c formed
integrally with an outer edge of tﬁe first flange
portion 58b; a second flange portion 584 extending
outwards from the second annular portion 58c and baving an
outer diameter larger than that of the flange 10e of the
housing 10 and a annular projection 58e projecting from the
outer edge of the second fl;nge'po;tion 58d. The second
annular portion 58c of the first auxiliary shield 58 1is
mounted on the housing 10 by inseting the second annular
portion 58c into the flange 10e of the housing 10 and
engaging the second flange portion 584 to the outer surface
of the flange 10e of the housing 10. The upper end
plate 12 fits into the corner between the second flange
portion 584 and the projection 58e of the second auxiliary
shield 58. The second auxiliary shield 62 has a first

annular portion 62a having a smaller diameter than that of
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. the second main arc-shield 60 and coaxially located with

the second main arc-shield 60, a flange portion 60b
extending outwards from the first annular portion 60a and a
second annular portion 60c formed integrally with the
flange 60b. The second annular portion 60c is inserted
into the annular portion 32c of the second auxiliary
sealing member 32 and is secured to the annular portion 32c
of the second auxiliary sealing member 32 by means of spot
welding. The shielding member C is made of an austenitic
stainless steel. .

In accordance with the vacuum power interrupter
of the sixth embodiment, since each of the auxiliary

sealing members 1is provided with at 1least one curved

.po;tion, the impact force applied to the housing during

interrupting operation is absorbed by the curved portion of
the auxiliary member; similarly, thermal stress is absorbed
by the curved portion. Since mechanical stress and thermal
stress are eliminated, the diameter of the housing can be
increased inexpensively and easily.

Figure 19 designates a modification of the
interrupter of Figure 18. As is shown-in Figure 19, a

shielding member D includes an approximately disc-shaped

' first auxiliary shield 64 Thaving an inner curved

portion 64a which has a smaller diameter than that of the
flange l0e of housing 10. The first auxiliary shield 64 is
made of an austenitic stainless steel and is fixed to the

flange portion 1l0e by brazing. The second auxiliary

A\
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_shield 28 has a ring-shaped flange portion 28b affixed to a

second auxiliary sealing member 32 of second sealing
means E.

The second auxiliary sealing member 32 of the
second sealing means E has a flange portion 32a, a first
annular portion 32b formed integrally with the flange
portion 32a and a circular projection 32g projecting from
the outer edge of the flange portion 32a and having a
larger diameter than the housing 10. One end of the
annular portion 32a is affixed to the upper surface of a
lower end plate 14 by means of a metallized portion 34. An
end of the housing 10 is secured to the flange portion 32a
of the second auxiliary sealing member 32 to form the
second sealing means E.

Second supporting means G  comprises a
bellows 40, an upper end 40b of which is secured to a
movable contact rod 20 and a lower end 40a of which is
inserted into an aperture.l4a prqvided in tﬁe. central
portion of the aisc-shaped lower end plate 14 and brazed to
a fourth auxiliary sealing member 66. The fourth auxiliary
sealing member 66 is made of a metallic material such as Cu
or Fe and is U-shaped. An end of the fourth auxiliary
sealing member 66 is secured to a metallized portion 34
provided on a ring-shaped projection which is fixed on the
inner surface of the lower end plate 14 near the
aperture l4a by brazing. In accordance with the wvacuum

power interrupter shown in Figure 19, the same advantages
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. as those of Figure 18 can be achieved.

Figure 20 shows a vacuum power interrupter
employing the present invention. In the vacuum power
interrupter of Figure 20, ring-shaped metallized
portions 34 are provided on the central and peripheral
projections 12c¢ and 12b of the outside surface éf én upper
end plate 12 and on the central and peripheral projections
l4c and 14b of the inside surface of a lower end plate 14.
A first auxiliary selaing member 30 is fitted to the upper
ené plate 12 such that a flange portion 30a engages with
the projection 12b formed near the center of the upper end
plate by way of the metallized portion 34 and a annular
portion 30b is ﬁitted to the outer edge surface of the
upper end plate 12. The annular portion 30b of the first
auxiliary sealing member 30 is fitted and secured "to a
stepped portion 10a of a housing 10 to form a first sealing
means D.

A second auxiliary sealing member 32 is fitted
and secured to the lower end plate 14 such that a flgnge
portion 32b engages with the projection 14b of the lower
end plate 14 by way of the metallized portion 34 and an
annular portion 32a is fitted to the outer edge surface of
the lower end plate 14. The annular portion 32a of the
second auxiliary sealing member 32 is fitted and secured to
a stepped portion 10b of the housing to form the second
sealing means E. In accordance wi;h the vacuum power

interrupter shown in Figure 20, it is easy to provide
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. brazing material between each component of the interrupter

and to perform the assembly, because the upper end plate 12
and " the lower end plate 14 are aligned in the same
direction.

Figure 21 shows a seventh embodiment of a vacuum
power interrupter according to the present invention. 1In
accordance with the embodiment, a part of a shielding
member C is made of a metallic material which is deformed
by the thermal stress generated in cooling after brazing
and is employéd in an auxiliary sealing member to aid
sealing between the metallic material and the insulating
mate;ial.

In more detail, the shielding member C comprises
a first main arc-chield 22 mounted on a stationary contact
rod 16, a first auxiliary shield 70, a second main arc-
shield 26 mounted on a movable contact rod 20 and a éecond~
auxiliary shield 72. The first auxiliary shield 70 is made
of a metallic material, such as Cu or Fe, which is deformed
by the thermal stress in slow cooliné after the brazing.
The first auxiliary shield 70 comprises an annular
portion 70a and a flange portion 70b extending outwards
from the annular portion 70a. One end of the flange
portion 70b of the first auxiliary shield 70 is disposed
between a stepped portion 10a of a housing 10 and an upper
end plate 12 to be employed as a first auxiliary sealing
member 30 of first sealing means D. The second shield 72

is made of the same material as that of the first auxiliary
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. shield 70, The second auxiliary shield 72 is formed by a

tubular portion 72a and a flange portion 72b outwardly
extending from the tubular portion 72a. An end portion of
the flange portion 72b is fitted between a stepped
portion 10b of the housing 10 and a lower end plate 14 and
is also employed as a second auxiliary sealing membef 32 of
second sealing means E.

According to the vacuum power interrupter of
Figure 21, the number of elements of. the interrupter is
reduced and thereby the constructual of the interrupter is
simplified, since a part of element of the shielding
member C is made of a metallic material such as Cu or Fe
which is deformed by the thermal stress in brazing and is
employed as the'auxiliary sealing member for aiding thg

sealing the interrupter. It is easy to position the

. auxiliary shield in the ‘envelope, because the auxiliary

shields are fitted between the end plates and the end
portions of the housing.

Although the stepped portions are provided in
order to secure the shields in the embodiment stated above,
the stepped portions may be omitted and stepped portions
may be provided on end portions of the shields in order to
secure the shields.

The vacuum power interrupters shown in Figures 5
to 21 are manufactured by the same method as that of the

vacuum power interrupter shown in Figure 1 to 4.

11
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While preferred embodiments of the invention

have been shown and described, it will be apparent to those
5 8Skilled in the art that modifications can be made without

departing from the invention,

the scope of which is defined in the appended claims.

Accordingly, the foregoing embodiments are to be considered

illustrative, rather than restricting of the invention and

those modifications which come within the meaning and range

10 of equivalency of the claims are to be included herein.
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.WHAT IS CLAIMED IS:

1. A vacuum power interrrupter comprising in

_ combination;

an envelope including a cylindrical housing made
of a metallic material, a disc-shaped upper end plate made
of an inorganic insulating material having an apertﬁre in
the center portion thereof and a disc-shaped lower end
plate made of an inorganic insulating material having an
aperture in the center portion thereof;

. an electrical contact member including a
stationary contact rod inserted into said envelope through
said aperture of the wupper end plate, a stationary
electrical contact secured to said stationary contact rod,
a movable contact rod inserted into said envelope through
said apperture of the 1lower end plate and a movable
electrical contact secured to said movable contact, both of
the stationary contact rod and the movable contact rod are
made of Cu;

a shielding member for shielding inner surface of
said envelope;

a first sealing means for sealing hermetically
said upper end plate to said housing and including a first
auxiliary se;ling member made of a plastic deformable
metallic material which is deformable by the thermal stress
and a metallizéd portion provided between said first
auxiliary sealing member and said upper end plate;

a second sealing member for sealing hermetically

¥

®)
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. said lower end plate to said housing and including a second

auxiliary sealing member made of a plastic deformable
metallic material which is deformable by the thermal stress
and a metallized portion provided between said second
auxiliary sealing member and said lower end plate;

first supporting means for supporting and
securing hermetically said stationary contact rod to said
upper end plate including a metallized portion provided
between said upper end plate and said stationary contact
rod; and

hermetic seal means for sealing movably and
hermetically said movablé contact rod to said lower end
plate including a bellows for éecuring said movable contact
rod to said lower end plate and a metallized portion
provided between said loﬁer end plate and said bellows.
2. il A vacuum power interrupter as claimed in glaim 1,
wherein said first sealing means comprises an end portion
of said housing, said first auxiliéry sealing member
secured to said end portion of said housing and a
peripheral edge portion of said upper end-plate secured to
said first auxiliary sealing member via the metallized

portion.

1 or 2,

3. A vacuum power interrupter as claimed in claim A
wherein said second sealing means comprises other end

portion of said housing, said auxiliary sealing member
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-4
. secured to said other end of the housing and a peripheral
edge portion of said lower end plate secured to said second

sealing member via the metallized portion.

5 4. A vacuum power interrrupter as claimed in
any preceding ; .
fclaim, wherein said first and second auxiliary sealing

members of the first and second sealing means are made of

Cu.
any of
10 5. A vacuum power interrupter as claimed inLclaimS
1 to 3, '

[yherein said first and second auxiliary members of said

first and second sealing means are made of Fe.

6. A vacuum power in;errupter as claimed in claim 2,
15 wherein said €£first sealing means comprises a stepped
portion provided in an inner surface of one end portion of
said housing, the first auxiliary sealing member having a
ring-shaped flange portion and a ,tubular portion fitted
into said stepped portion of said housing, and a ring-
20 shaped projection formed in an outér edge portion of said
disc-shaped upper end plate and secured to said flange
portion of said first auxiliary sealing member by means of

the metallized portion.

25 7. A vacuum power interrupter as claimed in claim 3,
wherein said second sealing means comprises a stepped

portion provided in an inner surface of said other end

w
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.portion of said housing, the second auxiliary sealing

member having a ring-shaped flange and a tubular portion
fitted into said stepped portion of the housing, and a
ring-shaped projection formed in an outer edge portion of
said lower end plate and secured to said flange portion of

said second auxiliary sealing member by means of the

metallized portion.

any preceding
8. A vacuum power interrupter as claimed iq‘claim,

wherein said first supporting means for supporting
hermetically said stationary contact rod to said end plate
further comprises a third auxiliary sealing member made of
a non-magnetic material which is deformable by the thermal

stress in brazing.

9. A vacuum power interrupter as claimed in claim 8§, .

wherein said third auxiliary sealing member is made:of Cu.

10. A vacuum power interrupter as claimed in clainm 8,
wherein said third auxiliary sealing member of said first
supporting means is made of Fe.

. preceding
11. A power vacuum interrupter as claimed in/claim,
wherein said hermetic seal means comprises a bellows having
an upper end secured to said movable contact rod a lower
end inserted into and secured to said aperture of said

lower end plate by means of the metallized portion.
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8, 9 or 10,
-12. A vacuum interrupter as claimed in claim/

wherein said third auxiliary sealing member of the first
supporting means comprises a tubular portion inserted into
and secured to the aperture of said upper end plate by the
metallized portion and a flange ©portion secured
hermetically to the upper end plate by means 65 the
metallized portion.

8, 9 or 10,
13. A vacuum interrrupter as claimed in claim/ .
wherein said third auxiliary sealing membgr of ﬁhe first
supporting means comprises a first tubular portion secured
to a stationary contact rod, a ring-shaped flat portion
formed integrally with said first tubular portion and a
second tubular portion formed integrally with said flat
portion and secured to an inner surface of an upper end by
“means of a metallized portion.
14, A vacuum interrupter as claimed in claim 2,
wherein said first sealing means comprises a stepped
portion provided in an outer surface of one -end portion of
said housing, a tubular first auxiliary sealing member
secured to said stepped portion of said housing and an
ouﬁer circumferential surface of the upper end plate
secured to an inner surface of said first auxiliary sealing

member by means of a metallized portion.

15. A vacuum interrupter as claimed in claim 3,

A\l
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-wherein said second sealing means comprises a stepped

portion provided in an outer surface of other end portion
of said housing, a tubular second auxiliary sealing member
secured to stepped portion of said housing and an outer
circumferential surface of the lower end plate secured to
an inner surface of said second auxiliary sealing member by
means of the metallized portion.

any preceding
16. A vacuum interrupter as claimed in/claim,
wherein said shielding member comprises a first main arc-
shoeld mounted on said stationary contact rod by means of a
brazing material and a first auxiliary shield fixed to said
first sealing member of said first sealing means, a second
main arc-shoeld mounted on said movable contact rod, and a
second auxiliary shield secured to said second auxiliary
sealing member of said second sealing means, each of said

shield is made of non-magnetic metallic material including

an austenite stainless steel.

17. A vacuum interrupter as claimed in claim 16,
wherein said second auxiliary shield having a .tubular

portion secured to an inner surface of the lower end plate.

16 or 17,

18. A vacuum interrupter as claimed in claim
wherein said second auxiliary shield having thermal stress
releasing means for eliminating the thermal stress in

brazing.
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- 19. A vacuum interrupter as claimed in claim 18,

wherein said thermal stress releasing means comprises a
tapered portion provided in the tubular portion of saigd

second auxiliary shield.

20. A vacuum interrupter as claimed in claim 18,
wherein said thermal stress releasing means comprises an
annular groove provided on the circumferential surface of

the tubular portion of said second auxiliary shield.

21. A vacuum interrupter as claimed in claim 18,
wherein said thermal stress releasing means comprises a
plurality of axial slits provided aléng with the
circumference of an open end portion of said tubular

portion of the second aﬁxiliary shield.

any of {7 to 21,

22, A vacuum interrupter as claimed in/ claims [

wherein said first auxiliary shield is secured to an inner
surface said upper end plate, and said second auxiliary
shield is secured to an inner surface of said lower end

plate.

23. A vacuum interrupter as claimed in claim 16,
wherein each of said first and second auxiliary sealing
members having a first flange portion secured to an end of
the housing and a second flange portion, and each of said

first and second auxiliary shields is secured to said
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- second flange portion.

any of 1 to 5,
24. A vacuum interrupter as claimed h1Lc1aimsL

wherein each of said first and second auxiliary sealing
member comprises a first tubular portion secured to an
inner surface of one-end of said housing and a second

tubular portion secured to an outer circumferential surface

of an end plate.

25. A vacuum interrupter as claimed in claim 24,
wherein each of said first and second auxiliary sealing

members further housing a second flange portion secured to

an end of said housing.

in claims
26. A vacuum interrupter as claimedLZ and 3, wherein
each of said first and second auxiliary sealing members
haviné a first tubular portiqn secured to a circumferential
surface of an end plate and a flange portion of which an
end portion is secured to a stepped poftion provided in an

outer circumferential surface of an end portion of said

housing.

27; , A vacuum interrupter as claimed in claims2 and 3,
wherein each of said first and second auxiliary sealing
members has a first flange portion secured to an end of a
ring-shaped projection, a first tubular portion formed

integrally with said first flange portion and a second
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. flange portion formed integrally with said first tubular

portion and secured to an end of said housing.

28. A vacuum interrupter as claimed in claim 2,
wherein said first auxiliary sealing member comprises a
tubular portion secured to an outer circumferential surface
of said housing, a flange portion inwardly extending from
said tubular portion and a stress absorbing portion curled
inwardly from said flange portion and -secured to an upper

end surface of an upper end plate.

29. A vacuum interrupter as claimed in claim 3,
wherein said second auxiliary sealing member comprises a
flange portion a tubular portion having a smaller dizmeter
than that of said flange portion formed integrally with
said flange portion by way of a curled portion and secured

to a ring-shaped projection of a lower end plate.

any preceding
30. A vacuum interrupter as claimed in/ claim,

wvherein said hermetic seal means including a bellows of
which one end is secured to said stationary contact rod and
of which other end portion is inserted into an apperture of
said lower end plate and a fourth auxiliary sealing member
which is deformable by the thermal stress generated in

cooling after brazing.

31. A vacuum interrupter as claimed in claim 29,
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. further comprising a shielding member Thaving an

approximately disc-shaped shield having an inner curvéd
portion and Having a smaller diameter than that of the
housing, said shield is mounted on an end portion.

wherein
32. A vacuum interrupter as claimed in claim 1,Lsaid
envelope includes an upper end plate having a projection
provided on an outer surface of the upper end plate and a

lower end plate having a projection provided on an inner

surface of the lower end plate.

33. A vacuum interrupter as claimed in claim 1,
wherein said shielding member comprising a shield made of a
metal which is deformable by the thermal stress generated

in cooling after the brazing.

-

34. A vacuum interrupter as claimed in claim 33,
further comprising a first auxiliary sealing member

including a portion of said shield and a second auxiliary

sealing member including a portion of said shield.
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