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WELDER s 1

: switching apparatus (2, 2"), such as a vacuum interrupter, including a vacuum
i envelope (4) and separable contact assemblies (10,12). Each contact as-
sembly includes a contact disposed in the interior (6) of the vacuum envelope
(4), and an electrode stem (18, 20) extending outwardly from the contact
(14,16) to the exterior (8) of the vacuum envelope (4). The electrode exten-
sion assembly (100, 200) includes a number of extension members (102,104;
] 202, 204) each being be joined to the electrode stem (18, 20) of a corres-
ponding one of the contact assemblies on the exterior (8) of the vacuum en-
velope (4) by a welded joint (106, 206) formed by electron beam welding or
plasma welding.
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VACUUM SWITCHING APPARATUS, AND ELECTRODE EXTENSION
ASSEMBLY AND ASSOCIATED ASSEMBLY METHOD THEREFOR

CROSS-REFERENCE TO RELATED APPLICATION

5 This application claims prionty from and claims the benefit of US.
Patent Application Serial No. 14/275,992, filed May 13, 2014, which 1s incorporated
by reference herein.

BACKGROUND

Field

10 The disclosed concept relates to vacuum switching apparatus and, in
particular, vacoum switching apparatos such as, for example, vacuum mterrupters,
The disclosed concept also relates to electrode extension assemblies and assembly
niethods for vacnum mterrapters.

Backeround Information

et
¥

Some circuit bregkers such as, for example, power circuit bregkers,
employ vacuum interrupters as the switching devices. Vacuum interrupters generally
include separable elecirical contacts disposed on the ends of corresponding elecirodes
within an nsulating housing. Typically, one of the contacts is fixed relative to both
the housing and to an external electrical conductor, which is electrically
20 interconnected with & power circuit associated with the vacoum iterrupter. The other
contact is part of a movable contact assembly including an electrode stem of circular
cross-section and a comtact disposed on one end of the electrode stem and enclosed
within a vacuum chamber. A driving mechanism i3 disposed on the other end,

external to the vacwun chamber, The electrodes are typically brazed or otherwise

P
)

suitable joined together when the vacuum interrupter is made.

The external ends of the electrodes (i.e., electirode stems) are relatively
Hmited m thewr capabidity for use in various different vacuum interrupter designs and
abiliy to meet customer design requirements. Further, there are a number of potential
problems associated with modifying electrode stems after the vacuum interrupter hag
30 been otherwise assembled {1Le., after the vacuum envelope has been sealed). For
example, oxidation of the electrodes can oceur, andfor a connection having
undesirably low electrical and thenmal conductivity or damage to the sealed vacuum

envelope coudd result.
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There is, therefore, room for unprovement in vacuumm switching
apparatus, such as vacuum interrapters, and in electrode extension assemblies and

associated assembly methods therefor,

SEMMARY

These needs and others are met by embodiments of the disclosed
concept, which are directed to electrode extension assemblies and associated
assembly methods for vaconm switching apparatus, such as vacuum interrapters.

As one aspect of the disclosed concept, an electrode extension
assembly 1s provided for a vacuum switching apparatus. The vacuum switching
apparatus melodes a vacuuwm envelope and separable contact assemblies. The vacoum
envelope has an mteror and an exierior. Each of the contact assemblies mcludes g
contact disposed m the interior and an electrode stem extending outwardly from the
contact to the exterior. The electrode extension assembly comprises: a number of
extenston members each being structured to be joined to the electrode stem of a
corresponding one of the contact assemblies on the exterior of the vacuum envelope.

EFach of the extension members may be jomed to the electrode stem by
a welded joint. The welded joint may be formed by electron beam welding or plasma
welding. The separable contact assemblies may comprise a fixed contact assembly
and a movable contact assembly, and the number of extension members may be a first
extension member and a second extension member, wherein the first extension
member i3 welded to the electrode stem of the fixed contact assembly on the exterior
of the vacuum envelope, and whereln the second extension member is welded to the
electrode stem of the movable contact assembly on the exterior of the vacman
envelope,

Each of the electrode stems may be made from a first matertal, and at
feast one of the first extension member and the second extension member may be
made from a second matenal, wherein the second matertal 1 different from the first
material.

As another aspect of the disclosed concept, a vacuum switching
apparatus comprises: a vacuwn envelope having an interior and an exterior; separable

contact assemblies each including a contact disposed in the interior and an clectrode

3]
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stemn extending cutwardly from the contact to the exterior; and an electrode exiension
assevably comprising a number of extension members each being joined to the
electrode stem of a corresponding one of the contact assemblies on the exterior of the

vacuum envel ope.

¥

As a further aspect of the disclosed concept, a method of assembly
comprises: providing a vacuum switching apparatus including a vacuum envelope and
separable contact assemblies, the vacuum envelope having an interior and an exterior,
each of the contact assemblies including a contact disposed in the interior and an
electrode stem extending outwardly from the contact to the exterior, providing an
10 electrode extension assembly comprising a number of extension members, and
welding at least one of the extension members to the electrode stem of a
corresponding one of the contact assernblies on the extertor of the vacuum envelope.

The welding step may further comprise employving electron beam

welding or plasma welding to form the welded joint between each of the extension

it
Laf

members and the electrode stem, and may still further comprise: employing a fixture
to position the electrode extensions with respect to the electrode stems within a
vacuum chamber, welding the electrode extensions to the electrode stems, and

removing the welded assembly from the vacuum chamber,

20 BRIEF DESCRIPTION OF THE DRAWINGS

A full understanding of the disclosed concept can be gained from the
following description of the preferred embodiments when read in conjunction with the
accompanying drawings in which:

Figare 1 is a section view of a vacuen interrupter and electrode

b
LA

extension assembly therefor, in accordance with an embodiment of the disclosed
concept;

Figure 2 is an elevation view of the vacuum interrupter and electrode
extension assembly therefor of Figore 1, also showing an assembly method i
accordance with the disclosed concept; and
3G Frgure 3 15 an elevation view of a vacuam interrupter and electrode
extension assembly therefor, in accordance with another embodiment of the disclosed

concept.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

The disclosed concept ts described 1o association with vacuum
interrupters, atthough the disclosed concept 15 applicable to a wide range of contact
assamblies for use with other vacwum switching apparatus and electrical switching
apparatus.

Directional phrases used herein, such as, for example, up, down and
derivatives thereof, relate o the orientation of the elements shown in the drawings and
are not limiting upon the claims unless expressly recited thergin.

As employed herein, the statement that two or more parts are
“connected” or “coupled” together shall mean that the parts are jomed together either
directly or joined through ove or more ermedigte parts. Further, as emploved
herein, the statement that two or more parts are “attached”™ or “affixed” shall mean
that the parts are joined together directly.

As employed herem, the term “vacuum envelope”™ means an envelope
emploving a partial vacuum therein.

Asg emploved herem, the term “nomber™ shall mean one or an integer
greater than one (i.e., a plurality).

Refernng to Figure 1, a vacoom switching apparatus, such as a vacuum
interrupter 2, is shown. The vacuum iterrupter 2 includes a vacuum envelope 4,
which is shown in section view in Figure 1 to show hidden structures. The vacuum
envelope 4 has an interior 6 and an exterior 8. The vacuum interrupter 2 employs
separable contact gssemblies 10,12, Specifically, a fixed contact assembly 10
includes a contact 14 disposed m the wtenior 6 of the vacuum envelope 4, and an
electrode stem 18, which extends outwardly from the fixed contact 14 1o the exterior 8
of the vacuum envelope 4. The movable contact assembly 12 also mcludes a movable
contact 16 disposed on the intenior 6 of the vacuum envelope 4, and a corresponding
electrode stem 20 extending outwardly from the movable contact 16 1o the exterior 8
of the vacuum envelope 4, as shown. The movable contact assembly 12 is movable,
for example and without hmitation, up and down i the direction of arrow 150, 1n
order 1o move the movable contact 16 thereof into and out of electrical contact with

the stationary contact 14 of the fixed contact gssembly 10

-4
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Continuing to refer to Figare 1, and also to Figure 2, w accordance
with an embodiment of the disclosed concept, each contact assembly 10,12 further
includes an electrode extension assembly 100,100 {see also electrode extension
assemblies 200,200" of Figure 3).

it will be appreciated that, for ease of illustration and economy of
disclosure, only electrode extension assembly 100 {see also electrode extension
assembly 100"} 1s described, in detad herein, and s only described herein with respect
to the vacoum interrupter 2, shown (see also vacuum interrupter 27 of Figure 3).
However, it will be understood that electrode extension assemblies {e.g., without
timutation, 100,1007,200,200° in accordance with the disclosed concept, could be
employed iy any known or suitable combination or alternative arrangement {not
shown} with any known or suitable aliernative vacuam switching apparatus (not
shown) andfor separable contact assemblies {e.g., without limitation, 10.12) therefor,
without departing from the scope of the disclosed concept. For example and without
fimitation, electrode extension assemblies 100, 10(Y,200,200", could be employed with
a vacuum switching apparatus having two movable contact assemblies (not shown)
rather than the aforementioned arrangement of a fixed contact assembly 10 and a
movable contact assembly 12

Each of the electrode extension assemblies 100,100 includes an
extension members 102,104 structured to be joined to a corresponding electrode stem
18,20 of a corresponding one of the contact assemblies 10,12, respectively, on the
exterior § of the vacuum eavelope 4. That is, in accordance with the disclosed
concept, such extension members 102 104 are advantageously joined to the
corresponding slectrode stems 18,20, respectively, after the vacuum envelope 4 has
been vacuamed sealed. In other words, the extension members 102,104 are joined on
the exterior &, or outside, of the vacuum envelope 4, as shown,

Among other advantageous, the electrode extension assemblies
100,10 (see also, electrode extension assemblies 2002007 of Figure 3) allow for
customization of the contact assembles 10,12, to meet customer demands in new or
existing applications andior to relatively easily modify an existing vacuum interrupter
2. For example and without limitation, relatively complex geometries can be

accommodated through use of the extension members 102,104 of the disclosed
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slectrode extension assernbhies 100, 100°. Thig, in tum, improves manufacturing
efficiency by enabling the ability 1o relatively easily make a wide variety of different
customized electrode configurations to an otherwise standard vacuum interrupter 2. It
also enables the abiliy to attach a wide variety of alternative matenals {e.g., without
himitation, aluminum} to the electrode stems 18,20, at least some of which are not
compatible with traditional vacuum brazing or other vacuum interrupter assemnbly
processes. For example and without linitation, use of aluminum extension members
102,104 can advantageousty reduce the total weight of the vacuum interrupter 2. A
still further advantage is that extension members 102,104 which are, for example and
without limitation, already silver plated, can be joined {0 the electrode stems 18,20,
This significantly simplifies the silver plating process by allowing plating of loose or
separate extension members 102,104, for example, betore they are jomed to the
vacim interrupter 2, rather than undergoing a more complex silver plating process
that would be required if the electrode stems 18,20 and extension members 102,104,
respectively, therefor, were plated after being attached to the vacuum interrupter 2.

The electrode extension assembly 100,100°, 2002007 of the disclosed
concept and the advantages they afford will be forther appreciated with reference to
the following EXAMPLES, which will now be described with reference to Figures 1-
3. Tt will be appreciated that the following EXAMPLES are provided solely for
parposes of Hlustration, and are not intended 1o limit the scope of the disclosed
concept,

EXAMPLE]

Each of the extension members 102 104,202,204, may be joined 1o a
corresponding slectrode stem 18,20 by electron beam or plasma welding using a
welder 300 (shown in simplhified form in Figure 2). A welded joint 106,106 (Figures
{and 2}, 206,206° {Figure 3} may be formed by the welder 300 on the exterior & of
the vacuum envelope 4.

EXAMPLE2

Each electrode stem 18,20 may have a stem diameter 22.24. The first
extension member 102 (Figures 1 and 2), 202 (Figure 3) has {irst and second opposing
ends 108,110 (Figures | and 2), 208,210 {Figure 3}, and the second extension member

104 (Figures 1 and 2}, 204 {Figure 3} has opposing first and second ends 112,114
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(Figures 1 and 2}, 212,214 (Figure 3}, As shown in Figores 1 and 3, the first ends
108,112,208 212 may bave a diameter 116,118,210, 218, respectively, that is
substantially the same as the corvesponding stem digmeter 22,24,
EXAMPLE3
Alternatively, it will be appreciated that the diameters may be different
{not shown} andfor the first ends may be designed to have any known or suitable
alternative geometry andfor size {not shown) other than that which is shown with
respect o the non-limiting examples shown and described herein.
EXAMPLEA
As shown in simplified form i Figure 3, the second ends 210214 of
the extension members 202 204 of the electrode extension assemblies 200,200,
respectively, may have g geometry that is different than the first ends 208 212 ot the
extension members 202 204,
EXAMPLES
Each of the electrode stems 18,20 may be made from a first material,
and at least one of the first extension member 102 and the second extension member
104 may be made from a second material, whicl 1s different from the first material.

EXAMPLES

The second different material of the extension members 102,104 may
be aluminum.
EXAMPLE 7
Alternatively, it will be appreciated that the second material may be
any known or suitable altervative material, without departing from the scope of the
disclosed concept.
EXAMPLE 8
At least one of the first and second extension members 102,104 may be
silver plated.
EXAMPLE®S
A method of assembly in accordance with the disclosed concept may
include steps of providing a traditional vacuum mterrapter 2, providing an electrode
extension assembly 100 including a number of extension members 102,104, and

welding at least one of the extension members 102,104 to the electrode stem 18,20 of
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a corresponding one of the contact assemblies 10,12, respectively, on the exterior § of
the vacuum envelope 4 of the vacwuy mterrupter 2.

EXAMPLE 10

The assembly method may further mclude the step of emploving a

fixture 400 {shown in simplified form in Figure 2) to suitably position and secure the
electrode extensions 102,104 with respect to the electrode stems 18,20, respectively,
to perform the desired welding operation using the aforementioned welder 300
{Figure 2).

EXAMPLE 11

The steps of emploving the fixture 400 and electron or plasma welding
may be performed within a vacuum chamber 500 (shown in suoplified form in Figure
23, wherein the welded assembly 18 removed from the vacoum chanber 500 after
successtully welding the electrode extension assemblies 100, 100",

EXAMPLE 12

The method may optionally further include the step of adding a
number of heat sink elements 600 on one, the other, or both of the electrode stems
18,20 (&g, withouot limitation, one heat sink element 600 is shown in simplified form
in phantom line drawing on stem 18 in Figure 2} It will be appreciated that such heat
sink elements 600 may comprise any known or saitable mechanism or structire {e.g.,
without imitation, fin; heat pipe; forced air active cooling attachment; water active
cooling attachment) for suitably dissipating undesirable excess heat. Specifically,
although the thermal effects from electron beam welding are substantially less than
other welding methods, the heat sink elements 600 may nonetheless be emploved, if
desired, to decrease thermal rise and insulate heat radiation created from the welding
process. The heat sink elements 600 mav be made from any known or suitable
material (e.g., without limitation, copper; aluminum}, and may be removed after the
welding operation has been completed.

EXAMPLE 13

Suntlarly, a number of thermal management members 700 may be
incorporated on one, the other, or both of the extension members 102,104 (e.g.,
without limitation, one thermal management member 700 is shown in simplified form

in phantom line deawing on extension member 104 i Figare 23 It will be appreciated

-8~
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that such thermal management members 700, like the aforementioned heat sink
clements 600, may comprise any known or suitable mechamism or structure (2.,
without limitation, fin; heat pipe; forced air active cooling attachment; water active
cooling attachment) for suitably dissipating undesirable excess heat. Specifically, the
continuous current that can be carried by a vacuun mterrupter 15 Hmited by the heat
generated by current passing through the interrupter. Use of such thermal
management members 700 serves to decrease the thermal rise due to continuous
current, which improves the vacuum interrupter. The thermal management members
700 may be made from any known or suitable material (e.g.. without limitation,
copper; aluminam).

Accordingly, the disclosed vacunom switching apparatus 2 inclodes a
unigue electrode extension asserably 1001007200, 200, wherein a number of
extension members 102,104,202 204 are welded to corresponding elecirodes stems
18,20 of the previcusly assembled and vacuun sealed vacuum switching apparatus 2.
That is, the extension members 102,104,202 204 are welded to the electrode stems
18,20 on the exterior § of the vacuum envelope 4. Thus, a wide variety of relatively
complex geometries can be added to electrode stems 1820 and/or exasting vacoom
switching apparatus 2 can be modified or customized to meet a wide variety of
customer demands.

In addition, external electron beam welding in accordance with the
disclosed concept, provides the ability to join extension members 102,104,202 204
made from a wide variety of different materials, which materials may be different
from the material of the electrode sterns 18,20 10 which there being welded, This
advantage 1s not possible using conventional vacawm brazing or other vacaam
interrupter assembly processes which vield a joint or connection having poor
electrical conductivity. Electron beam welding in accordance with the disclosed
concept also avoids oxidation of the surface of the electrode stems 18,20 and avoids
requarements, such as machining, or chemical or mechanical cleaning after welding,
which could damage components of the vacuum intesrupter 2 and/or jeopardize the
vacuum seal of the vacaum envelope 4 thereof. It will be appreciated, therefore, that
the disclosed electrode extension assembly 100,100°,200,200" and associated

assembly method address and overcome a wide variety of problems associated with

Q.
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the prior art, and significantly expand the anhity of vacuam switching apparatus 2 in g
wide variety of different apphcations.

While specific embodiments of the disclosed concept have been
described m detad, it will be appreciated by those skilled in the art that various
modifications and alternatives to those detatls could be developed in light of the
overall teachings of the disclosure. Accordingly, the particular arrangements
disclosed are meant to be jHustrative only and not limiting as to the scope of the
disclosed concept which is to be given the full breadth of the claims appended and

any and all equivalents thereof.

-10-
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What is claimed is:

i An electrode extension assembly {100,200} for a vacuum switching
apparatus {2,27, said vacuum switching apparatus {227 including a vacuum envelope
(4} and separable contact assembhies (10,12}, the vacuum envelope (4} having an
intertor (6) and an extenior {8}, each of said contact assemblhies (10,12} including a
contact (14,16) disposed s the interior {6) and an electrode stem (18,20} extending
outwardly from said contact {14,16) to the exterior (8}, said electrode extension
assembly (100200} comprising:

a number of extension members (102,104; 202.204) gach being
structured to be joined to the electrode stem (18,20) of a comresponding one of said
contact assemblies (10,12} on the extertor {8) of the vacuum envelope (4).

2. The electrode extension assembly (100,200) of clavm 1 wherein each
of sard extension members {102,104, 202,204} 15 joined to the electrode stem {1828}
by a welded joint (106,206).

3 The electrode extension assembly (100.200) of claim 2 wherein said
welded joint (106,206} is formed by electron beam welding or plasma welding,

4. The electrode extension assembly (100,200} of claim 1 whersin said
separable contact assemblies comprise a fixed contact assembly (10) and a movable
contact assembly {12); wherein said number of extension members is a first extension
member (102,202) and a second extension member {104,204); wherein said first
extension member (102,202} is welded to the electrode stem (18) of said fixed contact
assembly {10} on the exterior (6) of the vacuum eavelope (4); and wherein said
second extension member (104,204} is welded 1o the electrode stem (20} of said
movable contact assembly (12) on the exterior (6} of the vacuum envelope (4).

5. The electrode extension assembly (100,200) of claim 4 wherein each
of the electrode stems {1820} has a stem diameter (22,24); wherein each of said first
extension member (102,202} and said second extension member {104.204) has a first
end (108,112; 208212} and a second end (110,114, 210,214) disposed opposite and
distal from the first end (108,112; 208,212}, and wherein at least the first end
{108,112; 208 212} has a diameter {116,118; 216,218} substantially the same as the

stem diameter (22,24).
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6. The electrode extension assembly (200} of claim 3 wherein the second
end (210.214) has a different geometry than the frst end (208,212).

7. The electrode extension assembly (100) of claim 4 wherein each of the
electrode stems {(18,20) is made from a first material; wherein at least one of said first
extension member {102} and said second extension member {104) 15 made from a
second material; and wherein the second material is different from the first material.

8. The electrode extension assembly (100} of claim 4 wherein at least one
of said first extension member (102} and said second extension member (104) is silver
plated.

9. The electrode extension assembly (100) of clamm 1 wherein at least one
of said extension members (102, 104) inclodes a number of thermal management
nembers {700},

10, A vacoum switching apparates (2) comprising:

a vacuyum envelope (4) having an inferior (6) and an exterior (8);
separable contact assemblies (10,12} each including a contact {14.16)
disposed in the interior (6) and an electrode stem (18,20) extending outwardly from
said contact {14,168} to the extertor {8); and
an glectrode extension assembly (100} according to any of Clauns 1.9,
it A method of assembly comprising:
providing a vacnum switching apparatus (2,2 including a vacuum
envelope (4) and separable contact assemblies (10,12), the vacuum envelope (4)
having an interior (6) and an exterior {8), each of said contact assemblies (10,12)
ncluding a contact (14,16) disposed 1n the intenior (6} and an electrode stem (18,20}
extending outwardly from said contact to the exterior (8),
providing an electrode extension assembly (100,200} comprising 8
number of extension members {102,104; 202.204), and
welding at least one of said extension nwembers (102,104, 202 204) o0
the electrode stem (18,20} of a corresponding one of said contact assemblies (10,12}
on the exterior {8} of the vacuum envelope (4},
12, The method of claim 11 wheretn said welding step further comprises

employing electron beam welding or plasma welding to form the welded joint
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{106,206} between cach of said extension members (102,104, 202 204) and the
clectrode stem (1828},
13, The wethod of claim 12 wheretn said welding step further conmprises:

employing a fixture (400} to position said extension members
(102,104; 202,204} with respect to the electrode stams {1820} within a vacuum
chamber (300},

welding said extension members {102,104) to the electrode stems
{18.20), and

removing the welded assembly from said vacuum chamber (500,

14, The method of claim 11 wherein said separable contact assemblies
comprise a fixed contact assembly (10} and a movable contact assembly (12); wherein
said number of extension members 1s a first extension member {102,202) and a
second extension member (104 204}, wherein said first extension member (102,202}
is welded to the electrode stem {18) of said fixed contact assembly (10) on the
exterior (6) of the vacoum envelope (4); and wherein said second extension member
{104 204} is welded to the electrode stem (20) of said movable contact assembly (12}
on the exterior (6) of the vacwun envelope {(4).

1S, The method of claim 11 wheremn said welding step further comprises:

attaching a number of heat sink elements {600} to at least one of said
electrode stems (18,20},

welding said extension members (102,104} to the electrode stems
(18,20), and

removing the number of heat sink elements (600}
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