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REINFORCEMENT STRUCTURE FOR A VACUUM INTERRUPTER

TECHNICAL FIELD

This disclosure relates to a reinforcement structure for a vacuum interrupter.

BACKGROUND
Vacuum interrupters are used to protect electrical systems from electrical fault
conditions, which may produce damaging high current or voltage transients. The vacuum
interrupter includes a stationary contact and a movable contact, both of which are enclosed in a
vessel designed to hold a vacuum. The movable contact moves relative to the stationary contact,
moving the contacts into and out of electrical contact with each other. In this manner, the
vacuum interrupter may interrupt the high current flow to the electrical system by opening the

contacts.

SUMMARY

In one general aspect, a vacuum interrupter includes a first electrical contact; a second
electrical contact; a vessel that encloses the first electrical contact and the second electrical
contact in an evacuated space, the vessel including an endcap; and a reinforcement structure at an
exterior surface of the endcap, the reinforcement structure including a first side, a second side,
and an opening that passes through the reinforcement structure from the first side to the second
side. The exterior surface of the endcap includes a recessed region, and at least a portion of the
opening is positioned over the recessed region.

Implementations may include one or more of the following features. The recessed region
may be a channel. The channel may be a single continuous channel that is concentric with a
center of the vessel. The channel may surround a central region of the endcap.

The reinforcement structure may include more than one opening that passes through the
reinforcement structure, and more than one opening may be positioned over the recessed region.

In some implementations, the recessed region initially includes a first fluid, and the

opening is configured to allow a second fluid to flow into the recessed region such that at least
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some of the first fluid is replaced with the second fluid. The first fluid may include air, and the
second fluid may include an encapsulation material.

The endcap may include a first portion, a second portion, and a third portion, the third
portion may include an outer edge of the endcap, and at least a portion of the reinforcement
structure may be positioned over the third portion of the endcap.

The endcap may include a first portion, a second portion, and a third portion, the third
portion may include an outer edge of the endcap, the second portion may include the recessed
region, the second portion may be between the first portion and the third portion, the first and
third portions may extend in a plane that is substantially perpendicular to a longitudinal axis of
the vessel, the reinforcement structure may extend in the plane that is substantially perpendicular
to the longitudinal axis, and at least a portion of the reinforcement structure may extend in the
plane beyond the outer edge of the endcap.

In some implementations, the vacuum interrupter also includes a cured encapsulating
material that surrounds the vessel and is in the opening. In these implementations, during
assembly of the vacuum interrupter, the encapsulating material is initially uncured, the opening
is configured to allow fluid to flow between the first and second sides of the reinforcement
structure, and the fluid includes one or more of the uncured encapsulating material and air.

The endcap may include copper, and the reinforcement structure may include steel,
stainless steel, copper, or an alloy that includes copper and nickel.

In another general aspect, a reinforcement structure for an endcap of a vacuum interrupter
includes a body. The body includes: a first side, a second side; and at least one opening that
passes through the body from the first side to the second side. The at least one opening is
configured to allow fluid to flow between the first side and the second side. The first side of the
body is configured to be placed in contact with an exterior surface of the endcap of the vacuum
interrupter prior to or concurrently with brazing the endcap to a vessel configured to enclose first
and second clectrical contacts.

Implementations may include one or more of the following features. The body may be
steel, stainless steel, copper, an alloy of copper and nickel, or a non-oxidizing metallic material.
The body may include more than one opening that passes through the body from the first side to

the second side. The body may be a disk that includes a first portion, a second portion, and a
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third portion. In these implementations, the second portion may be between the first portion and
the third portion, and the openings may be in the second portion. The disk may be an annulus.

In another general aspect, a method of assembling a vacuum interrupter includes
providing a vessel body and at least one endcap, the vessel body including an insulating material,
the at least one endcap including a metallic material; placing a first side of a reinforcement
structure in contact with an exterior surface of the at least one endcap, the reinforcement
structure including at least one opening that passes from the first side to a second side of the
reinforcement structure; and assembling the vacuum interrupter by brazing the at least one
endcap to the vessel body while the reinforcement structure is in contact with the exterior surface
of the at least one endcap.

In some implementations, the exterior surface of the at least one endcap includes a
channel, and placing the first side of the reinforcement structure in contact with the exterior
surface of the at least one endcap includes positioning the reinforcement structure on the endcap
such that at least a portion of the at least one opening is over at least a portion of the channel, and
the method further includes: placing the vacuum interrupter in a mold; injecting an uncured
encapsulating material into the mold, the uncured encapsulating material flowing into the
channel through the at least one opening and air in the channel flowing out of the channel
through the opening; and allowing the encapsulating material to cure.

In some implementations, placing the first side of the reinforcement structure in contact
with an exterior surface of the at least one endcap includes brazing the first side of the
reinforcement structure to a portion of the exterior surface of the at least one endcap, and brazing
the first side of the reinforcement structure to the portion is concurrent with brazing the endcap
to the vessel body.

In another general aspect, a reinforcement structure for an endcap of a vacuum interrupter
includes a body, the body including: a first side; a second side; a first opening passing through
the body from the first side to the second side, the first opening being configured to receive a
portion of the endcap; and at least one other opening passing through the body from the first side
to the second side. The reinforcement structure is configured to be mounted to the exterior of the
endcap such that the first side of the body faces the exterior surface of the endcap, the second

side of the body faces away from the endcap, and the at least one other opening is configured to



10

15

20

25

30

WO 2020/057778 PCT/EP2019/025308

fluidly couple a region between the first side and the exterior surface of the endcap to a region at
the second side.

Implementations of any of the techniques described above may include a vacuum
interrupter, a reinforcement structure for an endcap of a vacuum interrupter, and/or a method of
assembling a vacuum interrupter. The details of one or more implementations are set forth in the
accompanying drawings and the description below. Other features will be apparent from the

description and drawings, and from the claims.

DRAWING DESCRIPTION

FIG. 1A is a block diagram of an example of a vacuum interrupter with a reinforcement
structure.

FIG. 1B is a top view of an example of the reinforcement structure of FIG. 1A.

FIG. 1C is a side cross-sectional view of the reinforcement structure of FIG. 1B.

FIG. 1D is a top view of an endcap of the vacuum interrupter of FIG. 1A.

FIGS. 2A and 2B are partial views of an exterior of an example of a vacuum interrupter
without and with a reinforcement structure, respectively.

FIG. 2C is a side cross-sectional view of part of the vacuum interrupter of FIG. 2A.

FIG. 2D is a side cross-sectional view of part of the vacuum interrupter of FIG. 2B.

FIG. 2E is a profile of an example of an endcap of the vacuum interrupter of FIG. 2A or
FIG. 2B.

FIG. 3 is a top view of another example of a reinforcement structure.

FIG. 4 is a flow chart of an example of a process for attaching or mounting a
reinforcement structure to an endcap of a vacuum interrupter.

FIG. 5A is a top view of another example of a reinforcement structure.

FIG. 5B is a side cross-sectional view of the reinforcement structure of FIG. SA mounted

to a vacuum interrupter.

DETAILED DESCRIPTION
A reinforcement structure for a vacuum interrupter is disclosed. The vacuum interrupter

includes an insulating body to which endcaps are brazed to form a vessel, and the vessel may be
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encapsulated. The reinforcement structure is mounted at an endcap. The reinforcement structure
provides mechanical support during the brazing and encapsulation processes. Further, the
reinforcement structure includes openings or vents through which a flowable encapsulation
material and air are able to pass to prevent or reduce the formation of air bubbles in the
encapsulation material.

FIG. 1A is a block diagram of a vacuum interrupter 100. The vacuum interrupter 100
includes a vessel 102 that encloses a movable contact 110 and a stationary contact 114, which
are respectively connected to a movable rod 112 and a stationary rod 116, in an evacuated space
104. The movable contact 110 and the stationary contact 114 arc within a central shield 127.
The movable rod 112 is operable to move the movable contact 110 relative to the stationary
contact 114 along a longitudinal axis 103. The position of the movable contact 110 determines
whether or not current flows through the vacuum interrupter 100. When the vacuum interrupter
100 is in an open position (FIG. 1A), the contacts 110, 114 are separated by a gap 117 and
current does not flow through the vacuum interrupter.

The vessel 102 includes an insulating body 120 and endcaps 122, 124 that seal the
insulating body 120 to allow a vacuum to be maintained within the vessel 102. A flexible
bellows 106 extends from the endcap 122 into the vessel 102 and allows the movable rod 112 to
move through the endcap 122 without the vessel 102 losing the vacuum secal. The insulating
body 120 may be a cylindrical body. The insulating body 120 may be made of, for example, a
ceramic or a diclectric material. The endcaps 122, 124 are brazed to a metalized surface of the
insulating body 120 during a brazing process. The endcaps 122, 124 are made of a metallic
material, such as, for example, copper. Heat is applied to the endcaps 122, 124 to braze them to
the metalized surface of the insulating body 120.

The temperature used for brazing is fairly high, for example, 800-900 degrees (°) Celsius
(C). The temperature of the brazing process may cause the endcaps 122, 124 to anneal and
soften, leading to deformation of the endcap 122 and/or 124. Additionally, the weight of the
insulating body 120 as well as the weight of any fixturing components (not shown) used to
facilitate the brazing process may cause the softened endcap 122 and/or 124 to further deform.
When the endcap 122 and/or 124 deforms, the items enclosed in the vessel 102 also may shift.
For example, the endcap 124 may deform and collapse into the vessel 102 such that the
stationary contact 114 shifts in the —Z direction. The shifting of the stationary contact 114



10

15

20

25

30

WO 2020/057778 PCT/EP2019/025308

toward the movable contact 110 results in the gap 117 becoming smaller and may make it more
difficult to operate the vacuum interrupter 100 properly. Additionally, the shifting of items
within the vessel 102 may lead to loss of vacuum in the vessel 102, and/or higher electrical stress
due to misalignment of the movable contact 110 and the stationary contact 114 relative to the
central shield 127 in either the open or closed position.

A reinforcement structure 130 is used to prevent or mitigate deformation of the endcap
122 and/or the endcap 124. The reinforcement structure 130 may be placed on the endcap 122 or
the endcap 124, or two reinforcement structures 130 may be used, one on the endcap 122 and the
other on the endcap 124. The reinforcement structure 130 provides mechanical support during
brazing to thereby mitigate or prevent deformation of the endcap 124. In the example of FIG.

1 A, the reinforcement structure 130 is attached to the endcap 124, and the reinforcement
structure 130 is discussed relative to the endcap 124. FIG. 1B is a top view of the reinforcement
structure 130. FIG. 1C is a side cross-sectional view of the reinforcement structure 130. FIG.
1D is a top view of the endcap 124. The discussion below refers to FIGS. 1A-1D.

After the endcaps 122, 124 are brazed to the metalized surface of the insulating body 120,
the vessel 102 is placed in a mold 128 that is then filled with an encapsulating material 129
during an encapsulation process. The encapsulating material 129 is liquefied or flowable when
initially placed in the mold 128. After being placed in the mold, the encapsulating material 129
is cured and forms a solid insulating mass around the vessel 102. The encapsulating material
129 is any insulating material that has a flowable or liquefied form that is able to be cured into a
solid insulating material. The encapsulating material 129 may be, for example, epoxy, rubber,
and/or a thermoplastic.

In addition to the deformation of the endcap 122 and/or the endcap 124 that may occur
during the brazing process, the endcap 122 and/or the endcap 124 may become deformed when
the vessel 102 is encapsulated. The vessel 102 is encapsulated by adding the encapsulation
material 129 to the mold 128 and applying pressure to the mold while the encapsulation material
129 cures. The encapsulation material 129, the insulating body 120, and the endcaps 122, 124
are made of materials that have different coefficients of linear thermal expansion. Thus, as the
encapsulation material 129 cools, the material 129 shrinks at a different rate than the endcap 122,
the endcap 124, and the insulating body 120. The applied pressure and/or the shrinking of the
material 129 may deform the endcap 122 and/or the endcap 124, causing the overall length of the
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vessel 102 to change and/or moving items within the vessel 102. Some prior manufacturing
processes addressed the deformation of the endcaps by holding the movable rod 112 and/or the
stationary rod 116 in place while the encapsulating material cured. However, holding the rods in
place during the encapsulating process slows down the manufacturing process and is not
practical.

In addition to mitigating or preventing deformation that may occur during the brazing
process, the reinforcement structure 130 addresses the issues that may arise during the
encapsulation process. The reinforcement structure 130 provides mechanical support during the
encapsulation process, and openings 134 in the reinforcement structure 130 prevent or reduce the
occurrence of air bubbles in the encapsulation material 129, as discussed below.

Referring also to FIGS. 1B and 1C, the reinforcement structure 130 includes a body 131
made of a solid and durable material. For example, the body 131 may be made of stecl, stainless
steel, copper, a metal alloy, or a non-oxidizing material. The body 131 includes a first side 132
and a second side 133 that is opposite to the first side 132. The reinforcement structure 130
includes openings 134a, 134b, 134c, 134d (collectively referred to as the openings 134). Each of
the openings 134 passes through the body 131. In the example of FIGS. 1A-1C, the body 131
defines four openings (the openings 134a-134d) that are equidistant from each other. The
openings 134 are in addition to a center passage 135 that accommodates the rod 116. In FIG.
1C, the openings 134 and the center passage 135 are shaded with a dotted pattern to further
distinguish these elements from the body 131.

In the example of FIGS. 1B and 1C, each of the openings 134 is a rectangular shaped
slot. However, other configurations are possible. For example, the body 131 may define more
or fewer than four openings, the openings may have any shape, and the openings may be
positioned in any manner. FIGS. 2B, 3, and 5A show other examples of reinforcement
structures.

Referring also to FIG. 1D, the endcap 124 includes a central portion 141 that includes a
region 142 through which the rod 116 passes or is attached. The endcap 124 also includes an
outer portion 143, which includes an outer edge 145 of the endcap 124. A channel or recessed
region 126 is between the central portion 141 and the outer portion 143.

The outer portion 143 is rigid along the Z axis due to proximity to the outer edge 145. In

other words, the outer portion 143 flexes very little or not at all in the Z direction or the —Z



10

15

20

25

30

WO 2020/057778 PCT/EP2019/025308

direction. The recessed region 126 acts as a spring that absorbs radial stress between the endcap
124 and the insulating body 120. For example, during the brazing process and during the
encapsulation process, the temperature of the endcap 124 and the insulating body 120 change
(heat or cool). The endcap 124 and the insulating body 120 are made of materials that have
different coefficients of linear thermal expansion. Thus, the length of the endcap 124 and the
insulating body 120 in the X-Y plane change by different amounts for the same change in
temperature. The recessed region 126 absorbs radial stress that may arise from the difference
between the coefficient of linear thermal expansion of the material of the endcap 124 and the
material of the insulating body 120. The recessed region 126 decouples the central portion 141
from the outer portion 143 such that the central portion 141 is able to flex along the Z axis even
though the outer portion 143 is rigid.

The reinforcement structure 130 is permanently attached (for example, by brazing) to the
central portion 141 of the endcap 124 prior to brazing the endcap 124 to the insulating body 120
or at the same time that the endcap 124 is brazed to the insulating body 120. If the endcap 124
deforms, the outer portion 143 of the endcap 124 comes into contact with the reinforcement
structure 130, and the reinforcement structure 130 prevents further deformation such that the
deformation of the endcap 124 is minimized.

Each of the endcap 124, the insulating body 120, and the reinforcement structure 130 has
a substantially circular shape in the X-Y plane. However, the endcap 124, the insulating body
120, and the reinforcement structure 130 may have other shapes in the X-Y plane. The
reinforcement structure 130 has the same diameter in the X-Y plane as the endcap 124, and the
reinforcement structure 130 extends over the entire outer portion 143 of the endcap 124. Other
implementations are possible. For example, in some implementations, the reinforcement
structure 130 extends over only part of the outer portion 143 such that the reinforcement
structure 130 does not extend to the outer edge 145 of the endcap 124. Furthermore, in some
implementations, the reinforcement structure 130 has a greater diameter in the X-Y plane than
the endcap 124, and, when placed on the endcap 124, the reinforcement structure 130 extends
beyond the outer edge 145 of the endcap 124.

When the reinforcement structure 130 is placed on the endcap 124, one of the sides 132,
133 makes contact with an exterior side of the endcap 124. Thus, the reinforcement structure

130 is not intended to be in the evacuated space 104. The other of the sides 132, 133 faces away
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from the endcap 124. At least a portion of cach of the openings 134 of the reinforcement
structure 130 overlap (are positioned over) the recessed region 126 of the endcap 124. Thus, air
may pass between the recessed region 126 and the interior of the mold 128 via the openings 134.

During the encapsulation process, the openings 134 allow liquefied or flowable
encapsulation material 129 to flow into the recessed region 126, and the openings 134 also allow
air that is in the recessed region 126 to escape. The flow of air and/or encapsulation material 129
through the openings 134 prevents or mitigates the formation of air bubbles in the cured
encapsulation material 129. The presence of air bubbles or other voids may compromise the
strength of a structure formed by the cured encapsulation material 129, for example. Thus, the
vacuum interrupter 100 is more robust than a vacuum interrupter formed without the
reinforcement structure 130.

In some prior systems, for example, as discussed in U.S. Patent No. 6,867,385, air was
specifically maintained in a region similar to the recessed region 126. In U.S. Patent No.
6,867,385, a cover 1025 was used to enclose a loop or concavity formed in an endcap 1005. The
loop or concavity was covered with the cover 1025 such that an air cavity was intentionally
maintained within the concavity. The cover 1025 discussed in U.S. Patent No. 6,867,385 was
specifically intended to trap air in the concavity and is therefore different from the reinforcement
structure 130, which allows fluids (such as air and/or the liquefied encapsulation material 129) to
flow into and out of the recessed region 126 via the openings 134.

In another example, U.S. Patent No. 8,178,812 discloses a strengthening cover-plate 26
that is fitted onto an end cover 6 of a vacuum cartridge 1 before the insert molding process but
after the brazing process. In U.S. Patent No. 8,178,812, a sealing means was positioned between
the strengthening cover-plate 26 and a ceramic tube 4 to climinate infiltration of clastomer.
However, the strengthening cover-plate 26 of U.S. Patent No. 8,178,812 does not include any
features though which an encapsulation material and air are able to flow. On the contrary, U.S.
Patent No. 8,178,812 teaches that it is “preferable to position sealing means between the cover-
plate 26 and ceramic tube 4 to climinate infiltration of elastomer that is liable to stress the braze
8 and to thereby prevent deformation of the switchgear device.” Furthermore, as shown in
Figure 2 of U.S. Patent No. 8,178,812, a spacer 34 is between the strengthening cover-plate 26
and the end cover 6. The spacer 34 prevents the strengthening cover-plate 26 and the end cover

6 from making direct contact and also creates a space for air between the strengthening cover-
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plate 26 and the cover 6. This is in contrast to the reinforcement structure 130 of the present
disclosure, which is able to make direct contact with the endcap 124 and includes at least one
opening 134 through which the encapsulation material 129 may pass into the recessed region
126. Thus, although air may initially be in the recessed region 126, the presence of the openings
134 ensures that the air is able to escape and be replaced by a flowable form of the encapsulation
material 129.

U.S. Patent No. 4,124,790 relates to a submersible protective switch, which includes a
vacuum enclosure 19. The vacuum enclosure 19 includes power interrupt contacts 27 and 28
within a centrally located shield assembly 26. The vacuum enclosure 19 is encapsulated in a
solid insulation housing 23 that forms a self-supporting structure. A disk 33 is brazed to a
connector 31 that has a contact terminal to receive a line contact. A cup-shaped end cap 36 abuts
the disk 33 and encloses an assembly. The outer surface of the vacuum enclosure 19 and
extended, fixed contact housing assembly elements 33, 35 and 36 and front contact assembly
clements 42 and 43 are coated with a layer 50 of a resilient or flexible material such as rubber.
The cup-shaped end cap 36 discussed in U.S. Patent No. 4,124,790 differs from the
reinforcement structure 130 at least because the cup-shaped end cap 36 is added after brazing.
Additionally, the end cap 36 is coated in the resilient material and does not include any features
similar to the openings 134, which allow a space formed in an endcap to be filled with the
encapsulation material 129. As shown in Figure 3 of U.S. Patent No. 4,124,790, the space
formed by the end cap 36 is intended to remain a void. Thus, U.S. Patent No. 4,124,790 does not
disclose an opening in the end cap 36 through which a material that forms the housing 23 is able
to pass.

The reinforcement structure 130 is different from these prior systems because the
reinforcement structure 130 includes the openings 134, which are designed to allow fluid flow
into and out of the recessed region 126 while the reinforcement structure 130 is attached to the
endcap 124. Morcover, the reinforcement structure 130 is on the endcap 124 while the endcap
124 is brazed to the insulating body 120. Thus, the reinforcement structure 130 provides support
during the brazing process and the encapsulation process.

FIGS. 2A and 2B are perspective partial exterior views of example vacuum vessels 202A

and 202B, respectively. FIGS. 2C and 2D are cross-sectional views of the vacuum vessels 202A

10



10

15

20

25

30

WO 2020/057778 PCT/EP2019/025308

and 202B, respectively, in the Y-Z plane. The vacuum vessel 202A is the same as the vacuum
vessel 202B, except the vacuum vessel 202B includes a reinforcement structure 230.

Referring to FIGS. 2A-2D, cach of the vacuum vessels 202 A, 202B includes an
insulating body 220 and an endcap 224. The endcap 224 (and an endcap at an opposite end of
the insulating body 220 that is not shown) seal an interior 204 of the insulating body 220. The
vacuum vessels 202A, 202B also include a structure 253. The structure 253 includes a
conductive disk 248, which is outside of the interior 204, and a conductive protrusion 254, which
extends into the interior 204. The conductive disk 248 includes a receptacle 259 that includes
features (for example, threads) that facilitate the connection of a conducting rod (such as the rod
116 shown in FIG. 1A). The endcap 224 includes an open region 242. The open region 242
surrounds an exterior of the protrusion 254. Although the protrusion 254 extends into the interior
204, the open region 242 is positioned relative to the protrusion 254 and the insulating body 220
such that a side 246 (FIG. 2C) of the endcap 224 faces away from the interior 204 and a side 247
(FIGS. 2C and 2D) faces into the interior 204. The side 246 is an exterior side of the endcap
224. The endcap 224, the conductive disk 248, and the insulating body 220 have substantially
circular cross sections.

Referring also to FIG. 2E, which is a profile of the endcap 224 along the Y direction, the
endcap 224 also includes a central portion 241, which surrounds the open region 242, and a
recessed region 226. The endcap 224 also includes an outer portion 243 that includes an outer
edge 245 of the endcap 224. The recessed region 226 is a continuous channel that surrounds the
central portion 241. The recessed region 226 is between the outer portion 243 and the central
portion 241. The recessed region 226 absorbs radial stress between the insulating body 220 and
the endcap 224.

The recessed region 226 is formed by channel portions 256a and 256b, which are joined
at a curved turning point 257. The channel portion 256a is connected to the outer portion 243,
and the channel portion 256b is connected to the central portion 241. The central portion 241,
the channel portions 256a and 256b, the curved turning point 257, and the outer portion 243 are
all formed from an electrically conductive material. When viewed from the top (in the X-Y
plane) separately from the vessel 202A or the vessel 202B, the endcap 224 is a disk-shaped

structure made of a solid, electrically conductive material that is open at the open region 242,
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The profile of the recessed region 226 is determined by the shapes of the channel portions
256a and 256b and the curvature of the turning point 257. The spring constant of the recessed
region 226 depends on the arrangement of the channel portions 256a, 256b and on the curvature
of the curved turning point 257. Thus, the ability of the recessed region 226 to absorb radial
stress between the insulating body 220 and the endcap 224 may be tuned by changing the size,
shape, and/or orientation of the channel portions 256a, 256b, and/or the curvature of the curved
turning point 257.

In the example of FIG. 2E, the profile of the recessed region 226 does not have mirror
symmetry about the curved turning point 257. That is, the channel portions 256a and 256b have
different lengths and are positioned at different angles relative to the outer portion 243 and the
central portion 241, respectively. However, the profile of the recessed region 226 may be
different than the profile shown in FIG. 2E. For example, the recessed region 226 may have
mirror symmetry about the curved turning point 257. In another example, in some
implementations, the recessed region 226 is a step, with either 256a or 256b having a near-zero
length.

FIGS. 2B and 2D show the reinforcement structure 230 on the side 246 of the endcap
224. The reinforcement structure 230 includes openings 234 that are positioned over the
recessed region 226 of the endcap 224. The openings 234 allow air and other fluids to enter and
leave the recessed region 226. The reinforcement structure 230 includes a central passage 235
that is placed around the conductive disk 248. In the example of FIG. 2D, the central passage
235 overlaps the central region 241 of the endcap 224, and the central region 241 of the endcap
224 is around the protrusion 254.

While the reinforcement structure 230 is mounted on the endcap 224, the endcap 224 is
brazed to the insulating body 220, and the vessel 202B may be encapsulated with the
encapsulation material 129 (FIG. 1). Similar to the reinforcement structure 130 discussed with
respect to FIGS. 1A-1D, the reinforcement structure 230 provides mechanical support to the
endcap 224 during the brazing process and the encapsulation process. For example, the
encapsulation material 129 may exert a force along the —Z direction (the direction of such a force
is shown by arrows in FIGS. 2C and 2D), and the reinforcement structure 230 prevents this force

from deforming the endcap 224. Additionally, the openings 234 in the reinforcement structure
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230 also allow fluid to flow into and out of the recessed region 226 during the encapsulation
process to prevent or mitigate formation of air bubbles in the encapsulation material.

FIG. 3 is a top view of a reinforcement structure 330. The reinforcement structure 330 is
another example of an implementation of the reinforcement structure 130 (FIGS. 1A-1C). The
reinforcement structure 330 is mounted to an endcap of a vacuum vessel (such as the vessel 102
of FIG. 1A or the vessel 202 of FIG. 2A). A vacuum vessel typically has more than one endcap.
The reinforcement structure 330 may be mounted on one, all, or some of the endcaps.

The reinforcement structure 330 includes a body 331. The body 331 is made of a solid,
durable material such as, for example, steel, stainless steel, or a metal alloy that includes copper
and nickel. In FIG. 3, portions of the reinforcement structure 330 that are the body 331 are
shaded grey, and the body 331 is a disk or annulus. The body 331 defines a central passage 335,
which passes through the body 331 and allows the reinforcement structure 330 to be placed
around particular regions of the endcap 224 or other structures that protrude from the vacuum
vessel in the Z direction. For example, the central passage 335 may be placed around the central
region 241 of the endcap 224 (FIG. 2A) or around the conductive disk 248 (FIG. 2A).

The reinforcement structure 330 also includes openings 334a-334h (collectively referred
to as the openings 334). The openings 334 are distinct from each other and are separated from
cach other by regions of the body 331. The reinforcement structure 330 has a circular shape, and
the openings 334 are between the central passage 335 and an outer edge 345 of the reinforcement
structure 330. Each of the openings 334 passes through the body 331. Thus, fluid is able to flow
through the openings 334, but the portions of the reinforcement structure 330 that are not
openings 334 still provide mechanical support to the endcap to which the reinforcement structure
330 is mounted. Like the reinforcement structures 130 and 230, the reinforcement structure 330
provides mechanical support during brazing and encapsulation. Additionally, the presence of the
openings 334 prevents or reduces formation of air bubbles in the material used to encapsulate a
vacuum vessel that includes the reinforcement structure 330.

FIG. 4 is a flow chart of an example of a process 400 for attaching or mounting a
reinforcement structure to an endcap of a vacuum interrupter. The process 400 is discussed with
respect to the reinforcement structure 130 and the endcap 124 (FIG. 1A-1D). However, the
process 400 may be used to attach other reinforcement structures to the endcap 124 or to another

endcap. The process 400 is performed prior to the encapsulation process. The process 400 may
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include brazing, and the brazing performed as part of the process 400 is prior to or concurrent
with the brazing process by which the endcap 124 is attached to the insulating body 120.
Brazing the reinforcement structure 130 to the endcap 124 while the endcap 124 is being brazed
to the insulating body 120 may result in prevention or minimization of cumulative oxidation
and/or nitration and also reduces annealing steps, which can soften the heated components.

The reinforcement structure 130 and the endcap 124 are prepared for attachment (410).
For example, a washer of braze alloy may be placed between the reinforcement structure 130 and
the endcap 124. The washer may be, for example, an alloy made of copper, silver, and/or nickel.
Preparing the reinforcement structure 130 and the endcap 124 for attachment also includes
positioning the reinforcement structure 130 and the endcap 124 in the proper relative positions.
For example, the reinforcement structure 130 is positioned relative to the endcap 124 such that
the opening 134 is over the recessed region 126.

The reinforcement structure 130 is permanently attached to the endcap 124 (420).
Continuing the example of (410), the reinforcement structure 130 is brazed to the endcap 124 by
applying sufficient heat to cause the braze washer to melt such that the reinforcement structure
130 becomes fixed to the endcap 124. The reinforcement structure 130 is only brazed to the
central portion 141 of the endcap 124. The reinforcement structure 130 is not brazed to the outer
portion 143 of the endcap 124 or to the outer edge 145 of the endcap 124. If the reinforcement
structure 130 was brazed to the outer portion 143 and the central portion 141 of the endcap 124,
the endcap 124 would become too rigid, and the endcap 124 would not be able to absorb stresses
from the brazing process (the process by which the endcaps 124 and 122 are attached to the
insulating body 120) or stresses due to the curing of the encapsulation material 129.

In some implementations, a small gap or space is intentionally formed between the outer
portion 143 and the reinforcement structure 130 along the Z direction. This space may help to
ensure that the reinforcement structure 130 does not become brazed to the outer portion 143 and
is only brazed to the central portion 141. In implementations that have a gap between the outer
portion 143 and the reinforcement structure 130, the outer portion 143 of the endcap 124 may be
displaced along the Z direction relative to the central portion 141, and/or the reinforcement
structure 130 may be non-planar such that an outer region of the reinforcement structure 130 is

displaced in the Z direction relative to a portion near the central passage 135.
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FIG. 5A is a top view of a reinforcement structure 530 and a structure 553. FIG. 5B is a
side cross-sectional view of a vacuum vessel 504 that includes the structure 553. The
reinforcement structure 530 is another example of an implementation of the reinforcement
structure 130 (FIGS. 1A-1C). The reinforcement structure 530 may be used to retrofit a vacuum
vessel that is already assembled. For example, the reinforcement structure 530 may be used to
retrofit a vacuum vessel in which the moving actuation rod and/or the conducting rod is already
installed into the endcap (or a conductive disk at the endcap) or in any other situation in which it
would be challenging or impossible to place a reinforcement structure over a portion of the
endcap.

The reinforcement structure 530 includes a body 531 that is made of a solid material. A
placement passage 535 extends from the center of the reinforcement structure 530 to an outer
edge 545. The placement passage 535 passes all the way through the body 531 and forms an
open region in the body 531. The reinforcement structure 530 also includes openings 534 that
are distinct from the placement passage 535 and are not at the center of the reinforcement
structure 530. The openings 534 also pass all the way through the body 531.

In the example shown in FIG. 5A, the reinforcement structure 530 is installed onto the
structure 553. The structure 553 is similar to the structure 253 (FIGS. 2A-2D), except the
structure 553 includes a receiving slot 558 (FIG. 5B). To install the reinforcement structure 530
onto the structure 553, the reinforcement structure 530 is slid onto the structure 553 with the
placement passage 535 aligned with the receiving slot 558. The reinforcement structure 530 is
pushed toward the structure 553 in the X-Y plane until an edge 536 of the placement passage 535
is received in the receiving slot 558 and meets the structure 553. When the edge 536 is received
in the receiving slot 558, the reinforcement structure 530 is installed, and the openings 534 are
positioned over a recessed region of the endcap such that fluid (including air) is able to flow into
and out of the recessed region. In some implementations, the placement passage 535 may have a
non-uniform width such that the reinforcement structure 530 snaps into position in a manner
similar to a retaining ring.

Other implementations are within the scope of the claims. For example, the
reinforcement structure may be integral with the endcap that it protects. In other words, the

reinforcement structure and the endcap may be formed as a single piece.
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WHAT IS CLAIMED IS:

1. A vacuum interrupter comprising:

a first electrical contact;

a second electrical contact;

a vessel that encloses the first electrical contact and the second electrical contact in an
evacuated space, the vessel comprising an endcap; and

a reinforcement structure at an exterior surface of the endcap, the reinforcement structure
comprising a first side, a second side, and an opening that passes through the reinforcement
structure from the first side to the second side, wherein the exterior surface of the endcap

comprises a recessed region, and at least a portion of the opening is positioned over the recessed

region.
2. The vacuum interrupter of claim 1, wherein the recessed region comprises a channel.
3. The vacuum interrupter of claim 2, wherein the channel is a single continuous channel

that is concentric with a center of the vessel.

4. The vacuum interrupter of claim 3, wherein the channel surrounds a central region of the
endcap.
5. The vacuum interrupter of claim 1, wherein the reinforcement structure comprises more

than one opening that passes through the reinforcement structure, and more than one opening is

positioned over the recessed region.
6. The vacuum interrupter of claim 1, wherein the recessed region initially includes a first
fluid, and the opening is configured to allow a second fluid to flow into the recessed region such

that at least some of the first fluid is replaced with the second fluid.

7. The vacuum interrupter of claim 6, wherein the first fluid comprises air, and the second

fluid comprises an encapsulation material.
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8. The vacuum interrupter of claim 1, wherein
the endcap comprises a first portion, a second portion, and a third portion,
the third portion comprises an outer edge of the endcap, and
at least a portion of the reinforcement structure is positioned over the third portion of the

endcap.

9. The vacuum interrupter of claim 1 wherein

the endcap comprises a first portion, a second portion, and a third portion,

the third portion comprises an outer edge of the endcap, and

the second portion comprises the recessed region,

the second portion is between the first portion and the third portion,

the first and third portions extend in a plane that is substantially perpendicular to a
longitudinal axis of the vessel,

the reinforcement structure extends in the plane that is substantially perpendicular to the
longitudinal axis, and

at least a portion of the reinforcement structure extends in the plane beyond the outer

edge of the endcap.

10. The vacuum interrupter of claim 1, further comprising a cured encapsulating material that
surrounds the vessel and is in the opening, and wherein, during assembly of the vacuum
interrupter, the encapsulating material is initially uncured, and the opening is configured to allow
fluid to flow between the first and second sides of the reinforcement structure, the fluid

comprising one or more of the uncured encapsulating material and air.
11. The vacuum interrupter of claim 1, wherein the endcap comprises copper, and the
reinforcement structure comprises steel, stainless steel, copper, or an alloy comprising copper

and nickel.

12. A reinforcement structure for an endcap of a vacuum interrupter, the reinforcement

structure comprising:
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a body comprising: a first side, a second side; and at least one opening passing through
the body from the first side to the second side, the at least one opening configured to allow fluid
to flow between the first side and the second side, wherein

the first side of the body is configured to be placed in contact with an exterior surface of
the endcap of the vacuum interrupter prior to or concurrently with brazing the endcap to a vessel

configured to enclose first and second electrical contacts.

13. The reinforcement structure of claim 12, wherein the body comprises more than one
opening that passes through the body from the first side to the second side and is configured to

allow fluid to flow between the first side and the second side.

14. The reinforcement structure of claim 13, wherein
the body comprises a disk,
the disk comprises a first portion, a second portion, and a third portion,
the second portion is between the first portion and the third portion, and

the openings are in the second portion.

15. The reinforcement structure of claim 14, wherein the disk comprises an annulus.

16. The reinforcement structure of claim 12, wherein the body comprises steel, stainless

steel, copper, an alloy of copper and nickel, or a non-oxidizing metallic material.

17. A method of assembling a vacuum interrupter, the method comprising:

providing a vessel body and at least one endcap, the vessel body comprising an insulating
material, the at least one endcap comprising a metallic material,

placing a first side of a reinforcement structure in contact with an exterior surface of the
at least one endcap, the reinforcement structure comprising at least one opening that passes from
the first side to a second side of the reinforcement structure; and

assembling the vacuum interrupter by brazing the at least one endcap to the vessel body
while the reinforcement structure is in contact with the exterior surface of the at least one

endcap.
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18. The method of claim 17, wherein the exterior surface of the at least one endcap comprises
a channel, and placing the first side of the reinforcement structure in contact with the exterior
surface of the at least one endcap comprises positioning the reinforcement structure on the
endcap such that at least a portion of the at least one opening is over at least a portion of the
channel, and the method further comprising:

placing the vacuum interrupter in a mold;

injecting an uncured encapsulating material into the mold, the uncured encapsulating
material flowing into the channel through the at least one opening and air in the channel flowing
out of the channel through the opening; and

allowing the encapsulating material to cure.

19. The method of claim 17, wherein placing the first side of the reinforcement structure in
contact with an exterior surface of the at least one endcap comprises brazing the first side of the
reinforcement structure to a portion of the exterior surface of the at least one endcap, and brazing
the first side of the reinforcement structure to the portion is concurrent with brazing the endcap

to the vessel body.

20). A reinforcement structure for an endcap of a vacuum interrupter, the reinforcement
structure comprising:
a body comprising a first side and a second side, the body comprising:
a first opening passing through the body from the first side to the second side, the
first opening being configured to receive a portion of the endcap;
at least one other opening passing through the body from the first side to the
second side, wherein the reinforcement structure is configured to be mounted to the
exterior of the endcap such that the first side of the body faces the exterior surface of the
endcap, the second side of the body faces away from the endcap, and the at least one
other opening is configured to fluidly couple a region between the first side and the

exterior surface of the endcap to a region at the second side.
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