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@ Vacuum circuit interrupter.

@ A vacuum circuit interrupter inciudes a cylinder (21, 111)
made of a metal relatively easy to deform platically, and first
and second insulating disks (22, 23, 112, 113) closing the
ends of the metallic cylinder {21, 111) to form therewith an
evacuated envelope (20, 110). A stationary conductive rod
(31, 121) enters the envelope (20, 110) through the first disk
(22, 112} in such a manner as to provide a seal therewith. A
movable conductive rod (32, 122} movably enters the
envelope (20, 110) through the second disk (23, 113). A
bellows (39, 129) is fixed at its one end to the movable rod
(32, 122) and at its other end to the second disk {23, 113) in
such a manner as to provide a seal about the movable rod
(32, 122) to allow for movement thereof without impairing
the vacuum inside the envelope {20, 110). Stationary and
movable electrodes (33, 34, 123, 124) are connected to the
stationary and movable rods (31, 32, 121, 122) respectively in
such a manner as to engage and disengage with each other
according to the movement of the movable rod (32, 122).
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DESCRIPTION

VACUUM CIRCUIT INTERRUPTER

This invéntign relates to a circuit interrupter
and more particularly to an interrupter of the vacuum type
which includes an evacuated envelope, in which a pair of
movable and statibnary contact rods are afranged to open
and close a circuit. | |

In a vacuum circuit interrupter of therprior art,
a pair of contacts selectivelyrengagingrwith each other are
housed in an evacuéted 'envéiope composed of é proper
combination of insulating and metallic members, the former
being made of glass or ceramic and the latter being made of
an iron-nickel orr iron—nickel—cobalt alloy having a
coefficient of thermal expansion whichJCIbsely'matchés that
of the glass or ceramic. However, thé;ifon4nickei or iron-
nickel-cobalt alloy is relatively ekpensive.

It is an object of the present invention to
provide a vacuum circuit interrupter which has a reiafively
high reliability. | |

It is anotherrobject of fhe'present invention to
provide a vacuum circuit interruptef which has a reiatively
high durability.

It is a further object of the present invention
to provide a vacuum ciféuit'interrupter'which is relatively
inexpensive. |

The vacuum circuit iﬁtéfrupter of the present

invention includes a cylinder made of metal relatively easy
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to deform plastically, and first and second insulating
disks closing the opposite ends of the metallic cylinder to
form therewith an evacuated envelope. The first and second
disks each have a central aperture. A stationary
conductive rod coaxially enters the envelope through the
central aperture of the first disk, and is fixed to the
first disk in such a manner as to provide a seal therewith.
A movable conductive rod coaxially and movably enters the
envelope through the central aperture of the second disk
without impairing the vacuum inside the envelope.
Sttionary and movable electrodes are connected to the
stationary and movable rods respectively in such a manner
as to engage with each other when the movable rod moves
toward the stationary rod and disengage when the movable
rod moves away frqm the stationary rod.

The above and other objects, features and
advantages of the present invention will be apparent from
the following description of preferred embodiments
thereof, taken in conjunction with the drawings, in which:

Fig. 1 is a longitudinal partly sectioned view of
a vacuum circuit interrupter according to a first
embodiment of the present invention;

Fig. 2 is an enlarged view of the joint between
the metallic cylinder, the upper insulating disk and the
upper auxiliary shield, in Fig. 1;

Fig. 3 is an enlarged view of the joint between

the metallic cylinder, the lower insulating disk and the
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lower auxiliary shield, in Fig. 1;

Figs. 4 to 10 are each sectional views of the
joints between a metallic cylinder, an insulating disk and
an auxiliary shield, according to alternative embodiments
of the present invention;

Fig., 11 1is a graph of tensile strength and
expansion rate against temperature for copper and iron,
wherein the solid cur&es denote the tensile strengths and
the broken curves denote the expansion rates;

Fig. 12 is a longitudinal partly sectioned view
of a vacuum circuit interrupter according to a second
embodiment of the present invention;.

Fig. 13 is a longitudinal partly sectioned view
of a vacuum circuit interrupter according to a third
embodiment of the present invention;

Fig. 14 is a longitudinal partly sectioned view

of a vacuum circuit interrupter according to a fourth

-embodiment of the present invention;

Fig. 15 1is a -longitudinally half-sectioned
diagrammatic view of a vacuum circuit interrupter according
to a fifth embodiment of the bresent inyention;

Fig. 16 is a section of the insulating disk of
the vacuum circuit interrupter in Fig. 15 taken along the
diameter line thereof; and

Fig. 17 is a detailed and enlarged view of the
engagement between the insulating disk and the cylindrical

shield of the vacuum circuit interrupter in Fig. 16.



10

15

20

25

_ - 0043186

Referring to Fig. 1, there is shown a vacuum

- circuit interrupter of a first embodiment of the present

invention which is in its closed state and has an evacuated
housing or envelope 20. The envelope 20 consists of a
metallic cylinder 21 and a pair of insulating disks 22 and
23 closing the opposite ends of the cylinder 21.

~Each of the disks 22 and 23 has a circular
central aperture 24 therein and concentfically' arranged
annular projections 25 and 26 on the inner surface thereof.
In other words, the disks 22 and 23 each have an annular
groove 27 so as to form the,projections 25 and 26 on its
inner and outer peripheries respectively. The projections
25 and 26 each have their surfaces ground beforehand to be
covered with metalized layers 28 and 29 respectively. The
grooves 27 facilitate the grinding of the projections 25
and 26 and are approximately 0.1 to 0.5 mm in depth. The
metallic cylinder 21 is brazed at its opposite ends to the
outer metalized layers 29 on the insulaping disks 22 and 23
respectively to fix the disks 22 and 23 thereto.

The cylinder 21 is made of a plastically
deformable metal, such as copper or iron, which Iis
relatively inexpensive and is relatively easy to deform
plastically, in the cooling process after brazing, to
alleviate the thermal stresses generated during brazing. A
non-magnetic metal such as copper is more preferable to a
magnetic metal such as iron for the cylinder 11, because

vibration force exerted thereon by an alternating current
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-'passing thrdﬁgh the ingerruﬁter is weaker than that on a

'magnetic metal and conSequéntly the interruptet' has a

relatively high durability and réliability. The disks 22

and 23 are made of an inorganic insulator, such as alumina

" ceramic or crystallized gléss. ‘The metalized 1ayefs;28'and

29 are made of aEmangéheée—titaﬁium alloy or molybdenum-

manganese-titanium alloy which has a similar thermal

expansion coefficient to that of alumina ceramic.

A pair of conductive, | circular-section
stétiona;y and movable contact rods 31 and 32 project
through the apertures 24 in the uppér and lower disks 22
and 23 respectively to enter the envelope 20 in such a
manner as to extendréoéxially Qiﬁhiﬁstﬂé'éylindériél in an

aligned configuration. The rods 31 and 32 are made of

 copper or a copper'alléy.' A pair of stationaryxand movable

disk-shaped electrodes 33 and 34 are secured coaxially to
the stationary and movable contact rods 31° and 32

respectively at their inner ends. The stationary and

" movable electrodes 33 and 34 have circular recesses 35 and

36 respectively on their outér surfaces. The inner ends of
the stationary and movablé COntaci-ﬁfoés 31 ‘énd 32 ‘are
fitted into the recesééé 35 and 36 respectively and brazed
to the étatidnar§ ‘and movable eleéfrbdes'-33” and 34
respectively. The mévaﬁié‘élécftodé 34 is formed with a
coaxial énnularrgroove 37 on its upp;r surface. A ring-
shaped contaét 38 isrfittéd'iﬁka Eﬁe gfoove 37 and is

brazed to the movable electrode 34. The stationary contact
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rod 31 is secured to the upper disk 22, while the movable
contact rod 32 is suitably mounted for vertical movement,
as described hereinafter. When the movable contact rod 32
moves upward or toward the stationary contact rod 31, the
contact 38 engages the stationary electrode 33 as shown in
Fig. 1, thereby closing the interrupter. When the movable
contact rod 32 moves downward or away from the stationary
contact rod 31, the contact 38 disengages the stationary
electrode 33, thereby opening the interrupter. Suitable
actuating means (not shown) is coupled to the _movable
contact rod 32 to drive the same upward or downward.

A flexible metallic bellows 39, made of
austenitic stainless steel, coaxially surrounds the
movable contact rod 32 inside the envelope 20 to provide a
seal about the rod 32 to allow for vertical movement
thereof without impairing the wvacuum inside the
envelope 20. The bellows 39 is brazed circumferentially at
its upper end to the lower surface of an annular flange 40
formed on the rod 32 near the upper end thereof, and at its
lower end to the inner metalized layer 28 on the lower disk
23. The stationary contact rod 31 is provided with an
annular groove 41 about its periphery just below the upper
disk 12 into which a ring 42 is fitted and brazed to the rod
31. An annular supporting member 43 made of copper or iron
is provided between the ring 42 and the inner metalized
layer 28 on the upper disk 22 and is brazed to the ring 42

and the layer 28 to provide a seal about the rod 31. Thus
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the stationary contact rod 31 is secured to the upper
disk 22,

A pair of cylindrical upper and lower aUXiIiary
shields 44 and 45 are coaxially secured to the upper and

lower ends of the metallic cylinder 21 respectively. The

upper auxiliary shield 44 has an integrally formed flange

46 at its upper end, whose periphery is brazed to the
cylinder 21. The lower *auxiliary shield 45 has a similar
flange 47 at its lower end, whose periphery is also brazed
to the cylinder 21. The auxiliary shields 44 and 45 are
made of austenitic séainiess steel, or may be made of
copper or iron. /

A pair of cup-shaped main shields 48 and 49 are
coaxially secured to the staEionary'and movable contact
rods 31 and 32 respectively near their inner ends. The
shields 48 and 49 are made of a similar metal to that
forming the shields 44 and 45. The main shields 48 and 49
are provided in their bases with central apertures 50 and
51 respectively through which the rods 31 and 32 pass, and
have a greater diameter than that of the;shieids 44 and 45.
The upper main shield 48 faces upward in such a manner as
to cover the lower opening of the upper auxiliary shield 44
and partly overlap the lower end of the shield 44 axially.
The stationary contact rod 31 is brovided near its lower
end with an annular grbove 52 about . its periphery into
which a ring 53 is fitted and brazed to the rod 31. The

upper main shield 48 is brazed along the periphery of its
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central aperture 50 to the upper surface of the ring 53.
The lower main shield 49 faces downward in such a manner as
to cover the upper opening of the lower auxiliary shield 45
and terminate at its lower end near the same felative axial
position therewith as that of the upper end of the shield
45 when the movabie rod 32 is in the closed position as
shown in Fig. 1. The lower main shield 49 is brazed along
the periphery of the central aperture 51 to the upper
surface of the flange 40 on the rod 32. The lower shields
45 and 49 substantially enclose the bellows 39 to protect
the same from the deposition of metallic vapors produced by
arcing across the electrodes 33 and 34 or the contact 38.
The upper shields 44 and 48, and the lower shields 45 and
49 substantially isolate the upper and lower disks 22 and
23 respectively from the electrodes 33, 34 and the contact
38 to protect the inner surfaces of the disks 22 and 23
respectively from the deposition of metallic vapors.

As best illustrated in Fig. 2 (showing the un-
brazed condition), the upper end of the cylinder 21 bas an
annular double-step 54 on its inner surface. The inside
diameter of the cylinder 21 discontinuously increases with
the upward direction at the double-step 54. The upper disk
22 is fitted into the largest diameter part 557 of the
double-step 54 and is brazed at the metalized layer 29 to
the larger diameter shoulder 56 of the double;step 54 with
a ring-shaped, rectangular section piece of brazing metal

57 interposed therebetween. The flange 46 of the upper
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auxiliary shield 44 is fitted into the middle diameter part
58 of the double-step 54 and is brazed to the metallic
cylinder 21 in such a manner as to be parallel to but
spaced away from the upper disk 22. -

As best illustrated in Fig. 3 (showing the un-
brazed condition), the lower end of the cylinder 21 has an
annular double-step 59 on its inner surface. The inside
diameter of the cylinder 21 discontinuously increases with
the downward direction at the double-step 59. The iower
disk 23 is fitted into the largest diameter part 60 of the
double-step 59 and is brazéd at the metalized layer 29 to
the larger diameter shoulder 61 of the double-step 59 with
a ring-shaped, rectangular section piece of bfazing metal
62 interposed -therebetween. The flange 47 of the lower
auxiliary shield 45 is fitted into the middle diameter part
63 of the double-step 59 and is brazed to the metallic
cylinder 21 with a ring-shaped wire of brazing metal 64
interposed between the upper surface of the flange 47 and
the lesser diameter shoulder 65 of the double-step 59. A
ring-shaped thin spacer 66 made of austenitic stainless
steel, copper, or iron is provided between the lower
surface of the flange 47 and the metalized layer 28 on the
lower disk 23 inside the piece of brazing metal 62 to
locate the lower auxiliary shield 45 so that the flange 47
of the shield 45 will be parallel to but spaced away from
the lower disk 23 so as not to touch the same when the

interrupter is temporarily .assembled as described
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hereinafter.

As illustrated in Fig. 4 (showing the un-brazed
condition), the upper end of the metallic cylinder 21 may
be provided with an annular step 70 on its outerrsurface
instead of the double-step 54. In this case, the outer
projection 26 of the wupper disk 22 is fitted and then
brazed to the step 70 with a ring-shaped, rectangular
section piece of brazing metal 71 interposed between the

metalized layer 29 on the projection 26 and the shoulder 72

of the step 70, while the flange 46 of the shield 44 is

placed on the top end of the cylinder 21. The lower end of
the metallic cylinder 2l may be designed in a similar
manner to the upper end thereof.

As illustrated in Fig. 5 (showing the un-brazed
and inverted condition), the metallic cylinder 21 may be
provided with an annular step 73 on the outer surface of
its upper end instead of the double-step 54, and may be of
a lesser outside diameter than that of the upper disk 22 so
as to form an annular shoulder 74 outside the cylinder 21.
In this case, .the outer projgction 26 of the disk 22 is
fitted and then brazed to the step 73 with a ring-shaped,
circular section piece of brazing metal 75 placed on the
metalized layer 29 of the projection 26 or the shoulder 74
and abutted against the metallic cylinder 21 at the inner
corner, while the flange 46 of the shield 44 is placed
similarly to that shown in Fig. 4. The lower end of the

metallic cylinder 21 may be designed in a similar manner to
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the upper end thereof.

As illustrated in Fig. 6 (shoﬁing the un-brazed
condition), the upper end of the metallic cylinder 21 may
be provided with an annular double-step 76 on its outer
surface in such a manner that the outside diameter of the
cylinder at the double-step 76 discontinuously decreases
with the upward direction, and that the least diameter
part 77 of the dduble—stép 76 has a slightly less outside
diameter than the inside diameter of the projection 26 of
the upper disk 22 and has a slightly lower height than that
of the projection 26. 1In this case, the outer projection
26 of the disk 22 is fitted and then brazed to the smaller
and largér diameter shoulders 78 and 79 of the double-step
76 with a ring-shaped, circular section piece of brazing
metal 80 interposed between the metalized layer 29 on the
projection 26 and the larger diameter shoulder 79 of the
double-step 76, while the flange 46 of the shield 44 is
placed similarly to that shown in Fig. 4. The lower end of
the metallic cylinder 21 may be designed in a similar
manner to the upper end thereof. |

The metallic cylinder 21 may be made of
austenitic stainless steel which is a non-magnetic material
and has a relatively high mechanical strength. In this
case, the metallic cylinder 21 should be provided with a
thermal stress relieving or absorbing structure, which is
composed of an annular, semicircular section groove 81

formed on each of the end surfaces of the cylinder 21 in
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contact with the projections 26 of the disk 22 or 23,
while the flanges 46 or 47 of the shields 44 or 45 are
placed on the projections 26, as shown in Fig. 7. The
structure may be constructed of a thin cylindrical segment
82 formed on each of the ends of the cylinder 21 by annular
step-shaped grooves 83 on the inner end surfaces of the
disk 22 or 23, as shown in Fig. 8. The end of each thin
segment 82 is in contact with the projection 26 of the disk
22 or 23. As shown in Fig. 9, the structure may be
constructed of an thin annular segment 84 formed on each of
the ends of the cylinder 21 by an annular, recténgular
groove 85 on the inner surface of the cylinder 21. The
groove 85 is positioned away from the end of the cylinder
21 so that a thick cylindrical segment 86 will be provided
between the thin segment 84 and the projection 26 of the
disk 22 or 23 and that the end surface of the thick segment
86 or the cylinder 21 will be in contact with the
projection. As shown in Fig. 10, the structure may be
constructed of an thin annular, wave-shaped segment 87
formed at each of the ends of the cylinder 21. The thin
segment 87 1is bent inward to form a U-shaped section
thereof and is in contact at the end surface thereof with

the projection 26 of the disk 22 or 23.
To manufacture the vacuum circuit interrupter
designed as above, the vacuum circuit interrupter is
temporarily assembled with brazing metal interposed

between the components and then the temporarily assembled
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vacuum circuit interrdptef is brazéd within a wvacuum
furnace.

In order to temporarily assemble the vacuum
circuit interrupter, first the insulating disk 23 is
suppor ted horizontally so that the metalized iéyers 28 and
29 thereon face upward and secondly the bellows 39 is
placed coaxially on tﬁé disk 23 with brazing metal
interposed between the inner metalized laYer 28 and the
lower end of the bellows 39. Thirdly the auxiliary shield
45 is placed coaxial1y on the disk 23 while the spacer 66
(see Fig; 3) is interpoéed between Ehe flange 47 théreof
and the outer metalized layer 29. ‘Then thé movable ébntact
rod 32 is inserted into the bellows 39 ftom abové:until the
flange 40 therédf'ébuts oh the upéef énd of the bellows 39
with brazing ﬁetai interposed between the”fiange 40 and the
upper end of the bellows 39.: |

At the upper end bf the movable contact rod 32,
the shield 49 is first engaged to the flange 40 with
braéing.>metai interposed therebétweeh, and the movable
electrode 34'with the contact 38 fitted into the groove 37
with brazing metal interposed therebetween is fitted onto
the upper end 6f the movable conEact'fod 32 with 5rézing
metal pléced at the bottom of the recess 36. |

After the movable bértioné composed of the
movable electrode 34 and theiéther parts are temporarily
assembled on the disk 23 as mentioned above, the metallic

cylinder 21 is fitted on the périphefy of the disk 23 and
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the periphery of the flange 47 of the shield 45 at the
double-step 59. As shown in Fig. 3, the brazing metal
pieces 62 and 64 are first interposed between the cylinder
21 and the disk 23 at the metalized layer 29, and between
the cylinder 21 and the flange 47 of the shield 45
respectively.

The stationary electrode 33 is fitted by the
recess 35 to the end of the stationary contact rod 31 with
brazing metal interposed therebetween, while the shield 48
is engaged to the ring 53 mounted on the rod 31 with
brazing metal interposed therebetween. After the rod 31
with the electrode 33 and the shield 48 is inserted into
the cylinder 21 so as to be carried on the movable
electrode 34, the flange 46 of the upper auxiliary shield
44 is fitted to the cylinder 21 at tﬁe double-step 54 (see
Fig. 2) thereof. Then the supporting hember 43 is fitted
to the stationary contact rod 31 and is engaged to the ring
42 with brazing metal interposed therebetween. The upper
disk 22 is placed on the supporting member 43 with brazing
metal interposed between the inner metalized layer 28
thereon and the supporting member 43, and lastly the disks-
22 is fitted into the cylinder 21 at the double-step 54
with the piece of brazing metal 57 (see Fig. 2) interposed
between the outer metalized layer 29 and the shoulder 56 of
the double-step 54 of the cylinder 21.

The vacuum circuit interrupter assembled

temporarily as mentioned above is placed within a wvacuum
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furnace and heated while the furnace is evacuated to a
pressure under 10_5 Térr. Since the heating acts to
deaerate the components and also prevent oxidized films
from forming on. the brazed surfaces, the heating
temperature is desirable to be higher if it does not cause
the braze to melt and the vacuum pressure is preferably
above ,10-5 Torr. Then the temperature in the vacuum
furnace is raised to a range from 900°C to 1050°C:in order
to activate the surface of the austenitic stainless steel,
and the components are hermetically joined by the brazing
metals while the vacuum furnace ig evacuéted so as to make
the pressure therein under 1072 Torr. The inside of the
vacuum furnace is gradually cooled from the brazing
temperature to a predetermined temperature by furnace

cooling for example and then cooled gradually again to room

temperature after being maintained at the predetermined

temperature for a predetermined time, or is gradually
cooled continuously from the brazing temperature to room
temperature before the circuit interrupter is taken out
from the vacuum furnace.

In the above mentioned manufacturing method, the
upper limit of the heating temperature can be made under
900°cC by first plating the brazing surfaces of the bellows
39 and the other parts made of austenitic stainless steel
with nickel.

The joints between the disks 22 and 23, made of

inorganic insulator such as alumina ceramic or the like,
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and the metallic cylinder 21, made of copper or iron can be
made to have an adequate airtight property and mechanical
strength although the thermal expansion céefficients
thereof are extremely different from each other. As shown
by the solid curves in Fig. 11, the tensile strengths of
copper and iron increase with the fall of temperature,
whereas as shown by the broken curves the expansion rates
thereof approximately decrease with the fall of
temperature. Therefore, when the copper or iron cylinder
21 is brazed to the disks 22 and 23 of an inorganic
insulator such as alumina ceramic or the like at a high
temperature of 900°c to 1050°C, the cylinder 21 is
plasticélly deformed, acéordingf to thermal stresses
induced during brazing, in the gradual cooling process
since the tensile strength thereof is extremely small
relative to the mechanical strength of the disks 22 and 23.
Thus the airtight property of the joints thereof is not
damaged and the residual thermal stresses are extremely

small when the joints are cooled to room temperaturef
Iron can be joined hermetically to an inorganic
insulator to provide a structure with a high mechanical
strength in a similar manner to copper although the tensile
strength thereof at each temperature is greater than that
of copper as shown by the solid curves in Fig. 11, and the
creep thereof against time under constant loading is less
than that of copper, since the thermal expansion

coefficient thereof is roughly less than that of copper as
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shown by the broken curves in Fig. 11l.

The joint between the 1lower disk 23 of an
inorganic insulator such as alumina ceramic or the like and
the bellows 39 of austenitic stainless steel can be made to
have an adequate airtight property and mechanical strength,
since the bellows 39 is approximately 0.1 to 0.2 mm in
thickness and the thermal stress caused during brazing is
extremely small relative to the mechanical strength of the
disk 23 and consequently the bellows 39 itself deforms
platically in the gradual cooling process.

In Fig. 12 is illustrated a vacuum circuit
interrupter of a second embodiment of the présent
inventibn, wherein similar or'correspéhding elements are
designated by the same numerals as those in Fig. 1. This
interrupter is similar to that in Fig. 1 except for the
following points.

The metallic cylinder 21 has steps 100 and 101 on
each of its inner end surfaces. The upper and lower
insulating disks 22 and 23 each have metalized layers 102
and 103 on their inner and outer circumferential surfaces
respectively. The inner surface of each disk is flat. The
outer end of the upper disk 22 is fitted and brazed, at the
metalized layer 103, to the upper step 100 of the cylinder
21, while the flange 46 of the upper auxiliary shield 44 is
fitted between the shoulder of the step 100 and the disk
22, so as to provide a compressioﬁ seal about the upper

disk 22. The outer end of the lower disk 23 is fitted and
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brazed, at the metalized layer 103, to the lower step 101
of the cylinder 21 so as to provide a similar seal about
the lower disk 23. The flange 47 of the lower auxiliary
shield 45 is engaged, by crimping, to the lower step 101
above the lower disk 22 while abutting with the shoulder of
the step 101, in order to prevent it from being pulled away
from the cylinder 21 when the interrupter is temporarily
assembled. The flange 47 1is so positioned as to be
parallel to but spaced from the lower disk 22. A ring-like
supporting member 104 of an L-shaped section.has a coaxial
aperture 105 accommodating snugly the stationary contact
rod 31. The supporting member 104 is seated on and brazed
to the upper surface of the ring 42, and is also seated on
and brazed to the inner end of the upper disk 22 at the
inner metalized layer 102, so as to provide a seal about
the rod 31. The cylindrical lower end of the bellows 39 is
circumferentially brazed to the lower disk 22 at the inner
metalized layer 102 thereon so as to provide a seal about
the movable contact rod 32 and allow for vertical movement
thereof.

In Fig. 13 1is illustrated a vacuum circuit
interrupter of a third embodiment of the present invention,
wherein similar or corresponding elements are designated by
the same numerals as those in Fig. 1 or Fig. 12. This
interrupter is similar to that of Fig. 1 or Fig. 12 except
for the following points.

The metallic cylinder 21 is provided at its ends
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with a larger diameter segment or annular lip 106 each
formed integrally by widening the end of the cylinder 21.
The upper insulating disk 22 and the flange 46 of the lower
shield 44 are fitted into the annular lip 106 at the upper
end of the cylinder 21. The lower insulating disk 23 and
the flange 47 of the lower shield 45 are fitted into the
annular lip 106 at the lower end of the cylinder 21. The
lower insulating disk 23 is cut around its upper edge to
form an annular groove 107 just beneath the flange 47 of
the lower shield 45. The groove 107 accommodates the braze
providing a compression-seal about the disk 23.

In Fig. 14 1is illustrated a vacuum circuit
interrupter "of a fourth ‘embodiment of the present
invention, wherein similar or corresponding elements are
designated by the same numerals as those in Fig. 12 or 13.
This interrupter is similar to that of Fig. 12 or 13 except
for the following points. The lower end of the cylinder 21
has a constant inside diameter and the outer ends of the
lower disk 23 and the flange 47 of the lower shield 45 fit
within it.

Referring to Fig. 15, there is shown a vacuum
circuit interrupter according to a fifth embodiment of the
present invention which is in its closed state and has an
evacuated housing or envelope 110. The envelope 110
consists of a metallic cylinder 111 and a pair of
insulating disks 112 and 113 closing the opposite ends of

the cylinder 111.
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As is best illustrated in Fig. 2, each of the

disks 112 and 113 has- a circular center aperture 114
therein and concentrically arranged annular projections
115, 116 and 117 on the inner surface thereof. The annular
projections 115, 116 and 117 are 0.1 to 0.5 mm in height
and have flat surfaces covered with metalized layers 118,
119 and 120 respectively. The outermost metalized
layers 120 have a diaméter corresponding to that of the

metallic cylinder 111, whose -ends are brazed to the

layers 120 to fix the insulating disks 112 and 113 thereto.

The innermost metalized layers 118 are positoned on the
peripheries of the apertures 114 in the disks 112 and 113.

The cylinder 111 is made of a plasfically
deformable metal, such as copper or iron, which “is
relatively inexpensive and is easy to deform plasﬁically in
the cooling process after brazing according to the thermal
stress generated during brazing. Non-magnetic metal such
as copper is more preferable to magnetic metal such as iron
for the cylinder 111, because vibrating force exerted
thereon by an alternating current passing through the
interrupter is weaker than that on magnetic metal and
consequently the interrupter has relatively high
durability and reliability. If copper or iron supporting
rings (not shown) are interposed between the dylinder 111
and the disks 112 and 113, the cylinder 111 may be made of
austenitic stainless steel which is a non-magnetic material

and has a comparatively high mechanical-strength. The
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disks 112 and 113 are made of an inorganic insulator, such
as alumina ceramic or crystallized glass. The metalized
layers 118, 119 and 120 are made of a manganese-titanium
alloy or a molybdenum-manganese-~titanium alloy which has a
similar thermal expansion coefficient to that of alumina
ceramic,

A pair of conductive, circular-section
stationary and movable contact rods 121 and 122
respectively project through the apertures 114 in the upper
and lower disks 112 and 113 respectively to enter the
envelope 110 in such a manner as to extend coaxially along
the cylinder 111, namely in an aligned configuration. The
rods 121 and 122 are made of copper or a copper alloy. A
pair of stationary and movable disk-shaped electrodes 123
and 124 are attached coaxially to the stationary and
movable contact rods 121 and 122 respectively at the inner
ends thereof. The stationary and movable electrodes 123
and 124 have circular recesses 125 and 126 respectively on
their outer surfaces. The inner ends of the stationary and
movable contact rods 121 and 122 are fitted into the
recesses 125 and 126 respectively and brazed to the
étationary and movable electrodes 123 and 124 respectively.
The movable electrode 124 is formed with a coaxial annular
groove 127 on its upper surface. =~ The ring-shaped
contact 128 is fitted into the groove 127 and is brazed to
the movable electrode 124.  The stationary contact rod 121

is secured to the upper disk 112, while the movable contact
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rod 122 is suitably mounted to allow vertical movement, as
described hereinafter. When the movable contact rod 122
moves upward or toward the stationary contact rod 121, the
contact 128 engages the stationary electrode 123 as shown
in Fig. 15, thereby closing the interrupter. When the
movable contact rod 122 moves downward or away from the
stationary contact rod 121, the contact 128 disengages
from the stationary electrode 123, thereby opening the
interrupter. Suitable actuating means (not shown) is
coupled to the movable contact rod 122 to drive the same
upward or downward.

A flexible metallic bellows 129, made of
austenitic stainless steel with a thickness of
0.1 to 0.2mm, coaxially surrounds the movable contact
rod 122 inside the énvelope 110 to provide a seal about the
rod 122 to allow for vertical movement thereof without
impairing the wvacuum inside the envelope 110. The
bellows 129 is brazed at its upper end circumferentially to
the lower surface of an annular flange 130 formed on the
rod 122 near the upper end thereof, and at its lower end to
the ihnermost metalized layer 18 on the lower disk 113.
The stationary contact rod 121 is provided with an annular
groove 131 on its periphery just below the upper disk 112
into which a ring 132 is fitted and brazed to the rod 121.
An annular supporting member 133 made of copper or iron is
provided between the ring 132 and the innermost metalized

layer 118 on the upper disk 112 and is brazed to the
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ring 132 and the layver 118 to provide a seal about the
rod 121. Thus the stationary contact rod 121 is secured to
the upper disk 112.

A pair of cylindrical upper and lower shields 134
and 135 respectively each are coaxially brazed at one end
to the intermediate metalized layers 119 on the upper and
lower disks 112 and 113 respectively; The shields 134 and
135 are made of austenitic stainless steel, or may be made
of plastically deformable copper or iron. The shields 134
and 135 are electrically isolated from the conductive rods
121 and 122, the metallic cylinder 111, and the bellows 129
to form therein a floating voltage to raize breakdown
voltages along the inner sﬁrfaces of the upper and lower
disks 112 and 113 respectively and to even out the
distribution of the electric field inside the envelope 110.
A pair of cup-shaped shields 136 and 137 are coaxially
secured to the stationary and movable contact rods 121 and
122 respectively near their inner ends. The shields 136
and 137 are made of a similar metal to that forming the
shields 134 and 135. The shields 136 and 137 are provided
in their bases with coaxial apertures 138 and 139
respectively through which the rods 121 and 122
respectively pass, and have a greater diameter than that of
the shields 134 and 135. The upper cup-shaped shield 136
faces upward in such a manner as to cover the opening of
the upper cylindrical shield 134 and overlap the end of the

shield 134, so that the shields 134 and 136 may
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substantially isolate the inner circular portion of the
inside surface of the upper insulating disk 112 from the
stationary and movable electrodes 123, 124 and the
contact 128. Thus the shields 134 and 136 protect the
inner portion of the Vinsulating disk 112 from the
deposition of metallic vapors produced by arcing across the
electrodes 123 and 124 or the contact 128. The stationary
contact rod 121 is provided near its lower end with an
annular groove 140 around its periphery into which a
ring 141 is fitted and brazed to the rod 121. The upper
cup-shaped shield 136 is brazed along the periphery of its
center aperture 138 to the lower surface of the ring 141.
The lower cup-shaped shield 137 faces downward in such a
manner as to cover the opening of the lower cylindrical
shield 135 and terminate at its lower end near the same
axial position as that of the upper end of the shield 135
when the movable rod 122 is positioned in the closed state
as shown in Fig. 1. The lower cup-shaped shield 137 is
brazed along the periphery of its central aperture 139 to
the upper surface of the flange 130 on the rod 122. Thus
the shields 135 and 137 substantially isolate the bellows
129 and the inner circular portion of the inside surface of
the lower insulating disk 13 from the electrodes 123, 124
and the contact 128, in order to protect them from the
deposition of metallic vapors produced by arcing across the
electrodes 123 and 124 or the contact 128.

To manufacture the vacuum circuit interrupter
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designed as above, first the cylindrical shield 134, the
stationary contact rod 121, and the other parts are placed
on the insulating disk 112 with brazing metal interposed
therebetween to temporarily assemble ;he stationary
section, while the cylindrical shield 135, the bellows 129,
the movable contact rod 122, and the other parts are placed
on the insulating disk 113 with brazing metal interposed
therebetween to temporarily assemble the movable section.
Secondly, the temporarily assembled stationary and movéble
sections are brazed within a vacuum furnace or a furnace
filled with a non-oxidizing ambient gas such as hydrogen.
Finally, the stationary and movable sections are attaghed
to the respective ends of the metallic cylinder 111 with
brazing metal interposed therebetween to temporarily
assemble the vacuum circuit interrupter, and the
temporarily assembled interrupter is brazed within the
vacuum furnace.

In order to temporarily assemble the stationary
section, the insulating disk 112 is supported horizontally
so as to make the metalized layers 118, 119 and 120 face
upward, and then the supporting member 133 is placed on the
metalized layer 118 on the periphery of the aperture 114 in
the insulating disk 112 with braéing metal interposed
therebetween while the cylindrical shield 134 is placed on
the intermediate metalized layer 119 on the disk 112 with
brazing metal interposed therebetween. As shown in Fig. 3,

the brazing metal 150 interposed between the intermediate
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metalized layer 119 on the disk 112 and the cylindrical
shield 134 is formed by a press or some similar method into
a ring provided with annular portions 151 and 152 extending
axially at the inner and outer circumferential ends so as
to have a crank-shaped section. The brazing metal 150 is
provided to facilitate the positioning of the shield 134
with respect to the insulating disk 112 by €£itting the
annular portion 151 to the shoulder of the annular
projection 116 of the disk 112 and also fitting the annular
portion 152 to the outer circumference of the shield end
134. Similar crank-shaped rings of brazing metal are
employed for the brazing metal interposed between the
supporting member 133 and the metalized layer 118, and that
interposed between the metallic cylinder 111 and the
metalized layer 120. Next, the stationary contact rod 121
is inserted into the supporting member 133 from above, and
is engaged with the member 133 by means of the stop ring
132 with brazing metal interposed between the supporting
member 133 and the stop ring 132, The cup-shaped shield
136 is fitted to the stationary contact rod 121 and is
engaged to the stop ring 141 with brazing metal interposed
therebetween. Then, brazing metal is placed on the end of
the stationary electrode rod 121, and the stationary
electrode 123 is fitted to the rod 121 in the recess 125

thereof.
In order to temporarily assemble the movable

section, the insulating disk 113 is supported horizontally
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so as to make the metalized layers 118, 119 and 120 face
upward, and the bellows 129 is placed thereon with brazing
metal interposed between its end and the metalized layer
118 on the periphery of the aperture 114 in the disk 113
while the cylindrical shield 135 is placed thereon with
brazing metal placed on the intermediate metalized layer
119 on the disk 113. The movable contact rod 122 is
inserted into the bellows 129 from above, and the flange
130 is placed on the other end of the bellows 129 with
brazing metal interposed therebetween.  The cup-shaped
shield 137 is fitted to the movable contact rod 122 and is
engaged to the flange 130 with brazing metal interposed
therebetween. Then, brazing.metal is placed on the end of
the movable contact rod 122, and the movable electrode 124
is fitted to the end of the rod 122 in the recess 126
thereof. Then, the contact 128 is fitted to the groove 127
in the movable electrode 124 with brazing metal interposed
therebetween.

The stationary and movable sections assembled
temporarily as mentioned above are placed within the vacuum
furnace and heated while the furnace is evacuated so as to
make the pressure therein under 107 Torr in order to
perform the deaeration tréatment of each component. Next,
the vacuum furnace is heated to a temperature of 900°C to
1050°C in order to activate the surfaces of the austenitic
stainless steel, and the componehts are brazed hermetically

to each other while the furnace is evacuated to a pressure
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5 Torr. The inside of the vacuum furnace is

lower than 10~
gradually cooled from the brazing temperature to a
predetermined -temperature by furnace cooling for example
and then cooled gradually again to room temperature after
being maintained at the predetermined temperature for a
predetermined time, or is gradually cooled continuously
from the brazing temperature to room temperature before the
stationary and movable sections are taken out from the
vacuum furnace.

Brazing the components of the stationary and
movable sections cannot only be done inside the vacuum
furnace, and may be performed, for example, within
deoxidizing ambient gas such as h&drogeﬁ allowing the
oxidized film of austenitic stainless steel to be removed
at a temperature ranging from the minimum brazing
temperature determined by the melting point to 1050°C.

The insulating disks 112 and 113 of the
stationary and movable sections brazed as described above
are fitted to the opposite ends of the metallic
cylinder 111 withrbrazing metal interposed therebetween to
assemble temporarily the wvacuum circuit interrupter. The
temporarily assembled vacuum circuit interrupter is placed
vertically within the vacuum furnace before the furnace is

4 Torr. Then, while the

evacuated to a pressure under 10
furnace is heated at a temperature of 500°C to 1050°C and
evacuated to a pressure under ]_0-5 Torr, the stationary and

movable sections are brazed hermetically to the metallic
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cylinder 111 simultaneously with the deaeration treatment
of each component. After the inside of the vacuum furnace
is gradually' cooled from the brazing temperature to a
predetermined temperature and then cooled gradually again
to room temperature after being maintained at the
predetermined temperature for a predetermined time, or
after the inside of the vacuum furnace is gradually cooled
continuously from the brazing temperature to room
temperature, the vacuum circuit interrupter is taken out
from the furnace.

In the aforementioned manufacturing method, the
upper limit of the heating temperature can be made below
900°C by nickel-plating the brazed portions of the shields
134 and 135, the bellows 129, and the other parts made of
austenitic stainless steel beforehand.

As will be wunderstood from the foregoing
description of the preferred embodiments of the present
invention, the insulating disks and the metallic cylinder
can be brazed to have an adequate mechanical-strength with
a sufficient sealing performance although their thermal
expansion coefficients are different €£rom each other,
because the metallic cylinder is relatively easy to deform
plastically. Moreover, since the metallic cylinder may be
made of copper or iron, the vacuum circuit interrupter can
be manufactured at a relatively low cost. Especially in
the fifth embodiment of the present invention, the

breakdown voltage along the inside surfaces of the
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. insulating disks can be raised adequately, because the

conductive cylindrical shields are fixed to the inside
surfaces of the disks respectively in an electrically
isolated state.

It should be understood that further
modifications and variations may be made in the present
invention without departing from the spirit and scope of

the present invention as set forth in the appended claims.
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. CLAIMS

1. A vacuum circuit interrupter comprising:

a) a cylinder (21, 111) made of a metal which
is relatively easy to deform plastically;

b) first and second insulating disks (22, 23,
112, 113) closing the opposite ends of the metallic
cylinder (21, 111) to form therewith an evacuated envelope
(20, 110), the first and second disks (22, 23, 112, 113)
having each a coaxial central aperture (24, 114);

c) a stationary conductive rod (31, 121)
coaxially entering the envelope (20, 110) through the
central aperture (24, 114) of the first disk (22, 112), the
stationary rod (31, 121) being fixed to the first disk (22,
112) in such a manner as to provide a seal therewith;

d) a movable conductive rod (32, 122)
coaxially and movably entering the envelope (20, 110)
through the central aperture (24, 114) of the second disk
(23, 113) without impairing the vacuum inside the envelope
(20, 110);

e) stationary and movable electrodes (33, 34,
123, 124) connected to therstationary and movable rods (31,
32, 121, 122) respectively in such a manner as to engage
with each other when the movable rod (32, 122) moves toward
the stationary rod (31, 121) and disengage from each other
when the movable rod (32, 122) moves away from the

stationary rod (31, 121).
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- 2. A vacuum circuit interrupter as defined by

claim 1, further comprising a bellows (39, 129) surrounding
the movable rod (32, 122) inside the envelope (20, 110),
the bellows (39, 129) being fixed at one end to the movable
rod (32, 122) and at its other end to the second disk (23,
113) in such a manner as to provide a seal about the
movable rod (32, 122) to allow for movement thereof without

impairing vacuum inside the envelope (20, 110).

3. VA vacuum circuit interrupter as defined by
claim 2, further comprising first and second cup-shaped
main shields (48,749), and first and second cylindrical
auxiliary shields (44, 45) each with a flange (46, 47), the
first main shield (48)'being fixed to the'stationary rod
(31) whilé the first auxiliary shield (44) is fixed by its
flange (46) to the metallic cylindef (21) in such a manner
that the first main and auxiliary shields (48, 44)
subétantially iéolate the first insulating disk (22) from
the movable and stationary electrodes (33, 34), the second
main shield (49) being fixed to the movable rod (32) while
the second auxiliary shield (45) is fixed by its flange
(47) to the metallic cylinder (21) in such a manner that
the second main and auxiliary shields (49, 45)
substantially isolate the bellows .(39) and the second
insulating disk (23) from the movable and stationary

electrodes (33, 34).
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. 4. A vacuum circuit interrupter as defined by

claim 1, 2, or 3, wherein' the stationary and movable
electrodes (33, 34, 123, 124) are in the form of disks and
are coaxiaily connected to the inner ends of the statonary
and movablé rods (31, 32, 121, 122) fespectively, the
movable electrode (34, 124) having a coaxial annular
contact (38, 128) on the end adjaceht to the Stétionary
electrode (33, 123), the contact (38, 128) engaging and
disengaging with the stationary. electrode (33, 123)

according to the movement of the movable rod (32, 122).

5. A vacuum circuit interrupter as defined by claim
1, 2, or 3 wherein the metallic cylinder (21, lll) is made

of a non-magnetic metal.

6. A vacuum circuit interrupter as défined by
claim 5, wherein the metallic cylinder (21, 111) is made of

copper.

7. A vacuum circuit interrupter as’definéa'by claim

1, 2, or 3, wherein the metallic cylinder (21; 111) is made

of iron.
8. A vacuum circuit interrupter éoﬁprising:

a) a plastiéally deformable metallic cylinder
(111); -

b) first and second insulating disks (112,
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. 113) closing the opposite ends of the metallic cylinder

(111) to form therewith an evacuated envelope (110), the
first and second disks (112, 113) each having a coaxial
central aperture (114);

c) a stationary conductive rod (121) coaxially
entering the envelope (110) through the central aperture
(114) of the first disk (112), the stationary rod (121)
being fixed to the first disk (112) in such a manner as to
provide a seal thereabout;

d) a movable conductive rod (122) coaxially
and movably entering the envelope (110) through the central
aperture (114) of the second disk (113) in such a manner as
to align with the stationary rod (121);

e) a bellows (129) surrounding the movable rod
(122) inside the envelope (110), the bellows (129) being
fixed at its one end to the movable rod (122) and at its
other end to the second disk (113) in such a mannef as to
provide a seal about the movable rod (122) to allow for
movement thereof without impairing the vacuum inside the
envelope (110);

f) stationary "and movable electrodes (123,
124) connected to the stationary and movable rods (121,
122) respectively in such a manner as to engage with each
other when the movable rod (122) moves toward the
stationary rod (121) and disengage from each other when the
movable rod (122) moves away from the stationary rod (121);

g) a first conductive shield (134) surrounding
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. the stationary rod (121) inside the envelope (110), the

first shield (134) being fixed to the first disk (112) in
such a manner as to be isolated electrically from the
stationary rod (121) and the metallic cylinder (1l1ll); and
h) a second conductive shield (135)
surrounding the bellows (129) inside the envelope (110),
the second shield (135) being fixed to the second disk
(113) in such a manner as to be isolated electrically from

the movable rod (122) and the metallic cylinder (1l11).

9. A vacuum circuit interrupter as defined by
claim 8, further comprising first and second coaxial
annular metalized iayers (119) formed on the inner surfaces
of the first and second disks (112, 113) respectively, the
first and second shields (134, 135) being shaped
cylindrically and coaxially being brazed at one end to the

first and second metalized layers (119) respectively.

10. A vacuum circuit interrupter as defined by
claim 8, wherein the stationary and movable electrodes
(123, 124) are each in the form of a disk and are'coaxially
connected to the inner ends of the stationary and movable
rods (121, 122) respectively, the movable electrode (124)
having a coaxial annular contact (128) on its end surface
adjacent to the stationary electrode (123), the contact
(128) engaging and disengaging with the stationary

electrode (123) according to the movement of the movable
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. rod (122).

11. A vacuum circuit interrupter as defined by
claim 9, further comprising third and fourth cup-shaped
shields (136, 137) of larger diameters than those of the
first and second shields (134, 135), the third and fourth
shields (136, 137) coaxially connected to the stationary
and movable rods (121, 122) respectively in such a manner
that the third shield (136) covers the opening of the first
shield (134) to substantially isolate the inner circular
portion of the inside surface of the first disk (112) from
the sttionary and movable electrodes (123, 124), and that
the fourth shield (137) covers the opening of the seéond
shield (135) to substantially isolate the bellows (129) and
the inner circu}ar portion of the inside surface of the

second disk (113) from the stationary and movable

-electrodes (123, 124).
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