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BUTTERFLY VALVE SEAT WITH SEAT COVER
BACKGROUND
Field

[0001] This application relates generally to valve assemblies. More particularly,

embodiments of the subject matter to valve bodies and seats of butterfly valve assembilies.

Background Technology

[0002] Valves and valve assemblies can be used for controlling or otherwise regulating
the flow of a fluid, such as water, through various types of passageways by opening, closing,
or partially obstructing the various passageways. A butterfly valve is a specific type of valve
assembly that conventionally can comprise a valve body, a seat defining a seating surface,
and a disc that is rotatable within the valve body between an open position, at which fluid
can flow through the valve body, and a closed position, at which fluid is obstructed from
flowing through the valve body. In the closed position, the disc can engage the seat to form a
seal to stop the flow of fluid through the valve body. However, in various applications, cycling
of the valve between the open and closed positions can cause seat movement is a radial
direction and an axial direction of the butterfly valve and can deform the seat from its original
shape. Additionally, although a seal can be formed between the disc and the seat, leak lines

can form between the seat and the valve body.
SUMMARY

[0003] Described herein is a valve assembly and a method of manufacturing the valve
assembly. The valve assembly is configured for use with fluid systems to control the flow of
fluid through the valve assembly.

[0004] In one aspect, the valve assembly can comprise a valve body. The valve body
can comprise an inner surface and an outer surface. The inner surface can define a body
bore. In one aspect, the valve body can have an inward front ridge and an inward back ridge
distal from the inward front ridge. The inner surface can define a valve body groove between
the inward front ridge and the inward back ridge, and the valve body groove can have a
bottom groove surface.

[0005] In another aspect, the valve assembly can comprise a seat. The seat can
comprise a front side, a back side distal from the front side, an inner surface, and an outer
surface. The inner surface can define a seat bore and the outer surface can define a seat
alignment rib extending outward in a radial direction from the outer surface between the front
side and the back side. The seat alignment rib can comprise an outer surface. In one aspect,

the seat can be mounted on the valve body with the outer surface of the seat facing the inner
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surface of the valve body and with the seat alignment rib positioned in the valve body
groove. In another aspect, the valve body groove can define a deformation gap between the
bottom groove surface and the outer surface of the seat alignment rib.

[0006] In yet another aspect, the valve assembly can comprise a seat cover. The seat
cover can comprise a front side, a back side distal from the front side, an inner surface, and
an outer surface. The inner surface can define a seat cover bore. In one aspect, the seat
cover can be mounted on the seat with the outer surface of the seat cover facing the inner
surface of the seat

[0007] In another aspect, a seat assembly can comprise the seat and the seat cover. In
one aspect, the seat can comprise a front side and a back side distal from the front side. The
outer surface and the inner surface of the seat can extend from the front side to the back
side. In one aspect, the outer surface can define a seat alignment rib extending outward in a
radial direction from the outer surface between the front side and the back side.

[0008] In yet another aspect, the method can comprise forming the valve body. In
another aspect, the method can comprise forming the seat. In yet another aspect, the
method can comprise mounting the seat cover on the seat with the seat within a seat cover
groove defined by the seat cover. In one aspect, the method can comprise positioning the
seat and seat cover at least partially within the valve body bore. In another aspect, the
method can comprise positioning the seat alignment rib into the valve body groove to define
a deformation gap between the bottom groove surface and the outer surface of the seat
alignment rib.

[0009] Various implementations described in the present disclosure can include
additional systems, methods, features, and advantages, which can not necessarily be
expressly disclosed herein but will be apparent to one of ordinary skill in the art upon
examination of the following detailed description and accompanying drawings. It is intended
that all such systems, methods, features, and advantages be included within the present

disclosure and protected by the accompanying claims.
BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The features and components of the following figures are illustrated to
emphasize the general principles of the present disclosure. Corresponding features and
components throughout the figures can be designated by matching reference characters for
the sake of consistency and clarity.

[0011] Figure. 1 is a perspective view of a valve assembly comprising a valve body and
a seat assembly in accordance with one aspect of the current disclosure.

[0012] Figure. 2 is a sectional view of the valve assembly of Figure 1 taken along line

2-2 in Figure 1.
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[0013] Figure 3 is a sectional view of the valve assembly of Figure 1 taken along line 3—
3 in Figure 1.
[0014] Figure 4 is a sectional view of the valve body of the valve assembly of Figure 1

taken along line 4—4 in Figure 1.
[0015] Figure 5 is a perspective view of a seat of the seat assembly of Figure 1.

[0016] Figure 6 is a front view of the seat of Figure 5.

[0017] Figure 7 is a sectional view of the seat of Figure 5 taken along line 7—7 in Figure
6.

[0018] Figure 8 is a sectional view of the seat of Figure 5 taken along line 8-8 in Figure
6.

[0019] Figure 9 is a perspective view of a seat cover of the seat assembly of Figure 1.
[0020] Figure 10 is a front view of the seat cover of Figure 9.

[0021] Figure 11 is a sectional view of the seat cover of Figure 9 taken along line 11-11
in Figure 10.

[0022] Figure 12 is sectional view of the seat cover of Figure 9 taken along line 12—12
in Figure 10.

[0023] Figure 13 is a perspective view of the seat assembly comprising the seat of

Figure 5 and the seat cover of Figure 9.

[0024] Figure 14 is a front view of the seat assembly of Figure 13.

[0025] Figure 15 is a sectional view of the seat assembly of Figure 13 taken along line
15-15 in Figure 14.

[0026] Figure 16 is an enlarged sectional view of a portion of the seat assembly shown
in Figure 15.

[0027] Figure 17 is a front view of the seat assembly of Figure 1 mounted within the
valve body of Figure 1.

[0028] Figure 18 is a sectional view of the seat assembly mounted within the valve body
taken along line 18-18 in Figure 17.

[0029] Figure 19 is an enlarged sectional view of a portion of the seat assembly

mounted within the valve body shown in Figure 18.
DETAILED DESCRIPTION

[0030] The present invention can be understood more readily by reference to the
following detailed description, examples, drawings, and claims, and the previous and
following description. However, before the present devices, systems, and/or methods are
disclosed and described, it is to be understood that this invention is not limited to the specific

devices, systems, and/or methods disclosed unless otherwise specified, and, as such, can,
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of course, vary. ltis also to be understood that the terminology used herein is for the
purpose of describing particular aspects only and is not intended to be limiting.

[0031] The following description of the invention is provided as an enabling teaching of
the invention in its best, currently known embodiment. To this end, those skilled in the
relevant art will recognize and appreciate that many changes can be made to the various
aspects of the invention described herein, while still obtaining the beneficial results of the
present invention. It will also be apparent that some of the desired benefits of the present
invention can be obtained by selecting some of the features of the present invention without
utilizing other features. Accordingly, those who work in the art will recognize that many
modifications and adaptations to the present invention are possible and can even be
desirable in certain circumstances and are a part of the present invention. Thus, the
following description is provided as illustrative of the principles of the present invention and
not in limitation thereof.

» u

[0032] As used throughout, the singular forms “a,” “an” and “the” include plural referents
unless the context clearly dictates otherwise. Thus, for example, reference to “a band” can
include two or more such bands unless the context indicates otherwise.

[0033] Ranges can be expressed herein as from “about” one particular value, and/or to
“about” another particular value. When such a range is expressed, another aspect includes
from the one particular value and/or to the other particular value. Similarly, when values are
expressed as approximations, by use of the antecedent “about,” it will be understood that the
particular value forms another aspect. It will be further understood that the endpoints of
each of the ranges are significant both in relation to the other endpoint, and independently of
the other endpoint.

[0034] As used herein, the terms “optional” or “optionally” mean that the subsequently
described event or circumstance can or can not occur, and that the description includes
instances where said event or circumstance occurs and instances where it does not.

[0035] The word “or” as used herein means any one member of a particular list and also

includes any combination of members of that list. Further, one should note that conditional

» u » u

language, such as, among others, “can,” “could,” “might,” or “can,” unless specifically stated
otherwise, or otherwise understood within the context as used, is generally intended to
convey that certain aspects include, while other aspects do not include, certain features,
elements and/or steps. Thus, such conditional language is not generally intended to imply
that features, elements and/or steps are in any way required for one or more particular
aspects or that one or more particular aspects necessarily include logic for deciding, with or
without user input or prompting, whether these features, elements and/or steps are included
or are to be performed in any particular embodiment. Directional references such as “up,”

“down,” “top,” “left,” “right,” “front,” “back,” and “corners,” among others are intended to refer

-4-
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to the orientation as illustrated and described in the figure (or figures) to which the
components and directions are referencing.

[0036] In one aspect, disclosed is a valve assembly and associated methods, systems,
devices, and various apparatus. The valve assembly can comprise valve body and a seat
assembly. In one aspect, the seat assembly can comprise a seat and a seat cover. It would
be understood by one of skill in the art that the disclosed valve assembly and seat assembly
are described in but a few exemplary aspects among many.

[0037] As shown in Figure 1, a valve assembly 100 can comprise a valve body 102 and
a seat assembly 104. In one aspect, it is contemplated that the seat assembly 104 can
comprise a seat 106 and a seat cover 108. It is contemplated that the valve assembly 100
can be a butterfly valve assembly; however, it is also contemplated that the valve assembly
can be other types of valve assemblies that can utilize the seat assembly 104 comprising the
seat 106 and the seat cover 108. It is contemplated that the valve body 102 can be
constructed from materials including, but not limited to, ductile iron, cast iron, cast bronze,
stainless steel, carbon steel, aluminum, plastic, or any other suitable material.

[0038] In one aspect, the valve body 102 can comprise an outward front ridge 110 and
an outward back ridge 112 distal from the outward front ridge 110. The valve body 102 can
define an outer surface 114 extending between the outward front ridge 110 and the outward
back ridge 112. Referring to Figure 3, in another aspect, the valve body 102 can comprise
an inward front ridge 302 and an inward back ridge 304 distal from the inward front ridge
302. The outward front ridge 110 and the inward front ridge 302 can be at a front side 158 of
the valve body 102. The outward back ridge 112 and the inward back ridge 304 can be at a
back side 160 of the valve body 102. Optionally, a distance from the inward front ridge 302
to the inward back ridge 304 can be less than a distance from the outward front ridge 110 to
the outward back ridge 112. The valve body 102 can define an inner surface 306. The inner
surface 306 can define a body bore 218 (shown in Figure 2) extending through the valve
body 102 from the inward front ridge 302 to the inward back ridge 304. Optionally, the valve
body 102 is annular such that the inner surface 306 defines a substantially cylindrical body
bore 218. One skilled in the art will appreciated that other geometric shapes of the valve
body 102, inner surface 306, and body bore 218 can be present.

[0039] Referring to Figure 1, the valve body 102 optionally can comprise lugs 116A—H
extending radially outwards from the outer surface 114. Each lug 116A—H can define an
alignment bore 118A—H, respectively. It is contemplated that the lugs 116 and alignment
bores 118 can allow the valve assembly 100 to be positioned and secured between two pipe
elements (not shown) of a pipe system (not shown). For example and without limitation, bolts
(not shown) can be passed through the alignment bores 118 and complementary bores in

the pipe elements to secure the valve assembly 100 between the two pipe elements. It will

-5-
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be appreciated that the number of lugs 116 and alignment bores 118 should not be
considered limiting on the current disclosure as it is also contemplated that any desired
number lugs 116 and alignment bores 118 can be utilized, including zero lugs 116 and
alignment bores 118, and other known securing mechanisms can be used to secure the
valve assembly 100 to the two pipe elements instead.

[0040] Optionally, the valve body 102 can comprise an upper neck 120 and a lower
neck 122, each extending radially outwards from the outer surface 114. In one aspect, the
upper neck 120 can extend from the outer surface 114 at a position opposite from the
location of the lower neck 122 on the outer surface 114. The upper neck 120 can define an
upper neck bore 124 that extends from a top end 126 of the upper neck 120 through the
upper neck 120 and the valve body 102 to the inner surface 306 of the valve body 102. The
upper neck bore 124 can be dimensioned to accept an upper stem 140 of the valve
assembly 100 and enable the upper stem 140 to rotate, as described in greater detail below.
In a similar manner, the lower neck 122 can define a lower neck bore 202, as shown in
Figure 2. In one aspect, it is contemplated that the lower neck bore 202 can be defined
partially through the lower neck 122 to the inner surface 306 of the valve body 102.
However, it is also contemplated that in other aspects, the lower neck bore 202 can be
defined from a bottom end 128 of the lower neck 122 to the inner surface 306 of the valve
body 102. In these aspects, the valve assembly 100 optionally can comprise a lower neck
cap (not shown) that can cover the lower neck bore 202 at the bottom end 128. The lower
neck bore 202 can be dimensioned to accept a lower stem 204 (shown in Figure 2) and
enable to lower stem 204 to rotate, as described in greater detail below. The upper neck
bore 124 and the lower neck bore 202 can optionally be axially aligned to allow
complementary rotation of the upper stem 140 and the lower stem 204, respectively.

[0041] The upper neck 120 can comprise an upper neck flange 130 at the top end 126
in another aspect. Optionally, the upper neck flange 130 can define securing bores 132A-D
(securing bore 132D shown in Figure 4) extending through the upper neck flange 130 from a
top side 134 of the upper neck flange 130 to a bottom side 136 of the upper neck flange 130.
It is contemplated that the upper neck flange 130 can define a location at which an actuator
system (not shown) can be mounted on the valve assembly 100 via the securing bores 132.
For example and without limitation, a gear actuator system, lever actuator system,
pneumatic actuator system, electric actuator system, or various other types of actuator
systems can be mounted on the upper neck flange 130. The actuator system can be
configured to rotate a disc 138 of the valve assembly 100 via the upper stem 140 between
an open position, at which fluid can flow through the valve assembly 100, and a close
position, at which the disc 138 forms a seal with the seat cover 108 to prevent the flow of

fluid through the valve assembly 100. One skilled in the art will appreciate the number or
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shape of the securing bores 132 should not be considered limiting as it is contemplated that
any number of securing bores 132, including zero securing bores 132, having any desired
geometric shape can be present, and other known securing mechanisms can be used to
secure the valve assembly 100 to the actuator system instead.

[0042] Optionally, the valve body 102 can comprise an upper portion 142 and a lower
portion 144 secured together and in combination defining the annular features of the valve
body 102, such as the inner surface 306. In this aspect, the upper portion 142 can comprise
upper securing lugs 146A,B defining securing bores 206A,B (shown in Figure 2) and the
lower portion 144 can comprise lower securing lugs 148A,B defining securing bores 208A,B
(shown in Figure 2). Securing mechanisms, for example and without limitation nuts 150A,B
and bolts 152A B, can be utilized to secure the upper portion 142 to the lower portion 144 via
the securing lugs 146,148. It is also contemplated that in other aspects, the upper portion
142 and the lower portion 144 can be integrally formed as a continuous valve body 102.
[0043] Referring to Figures 1-3, the valve assembly 100 can comprise the disc 138, the
upper stem 140, and the lower stem 204. The disc 138 can be positioned within the body
bore 218 and can define an outer edge 214 that is configured to engage and form a seal with
an inner surface 216 of the seat cover 108 when the disc 138 is in the closed position.
Optionally, the disc 138 can comprise an upper receiving portion 154 defining an upper disc
opening 210 dimensioned to accommodate the upper stem 140 and a lower receiving
portion 156 defining a lower disc opening 212 dimensioned to accommodate the lower stem
204. It is also contemplated that the disc 138 can comprise a single receiving portion
defining a single opening extending through the disc 138 across a diameter of the disc 138
in other aspects. In these aspects, a single stem can optionally be utilized in place of the
upper stem 140 and lower stem 204.

[0044] Optionally, the valve assembly 100 can comprise an upper O-ring 220A
surrounding the upper stem 140 and a lower O-ring 220B surrounding the lower stem 204 to
form seals between the disc 138, the stems 140,204, and the seat assembly 104,
respectively. In another aspect, the valve assembly 100 optionally can comprise an upper
bushing 222 surrounding the upper stem 140 within the upper neck bore 124 and a lower
bushing 224 surrounding the lower stem 204 within the lower neck bore 202. In yet another
aspect, the valve assembly 100 optionally can comprise a sealing mechanism such as a V-
type packing ring 226, a bushing 228, and a wear shim 230. In one aspect, the packing ring
226, bushing 228, wear shim 230, and upper bushing 222 can be retained within the upper
neck bore 124 through a connecting ring 232 and also through a securing rib 234 defined on
the upper stem 140.

[0045] Referring to Figure 4, in one aspect, the outward front ridge 110 can define an

outer front surface 426, the outward back ridge 112 can define an outer back surface 428,
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the inward front ridge 302 can define an inner front surface 430, and the inward back ridge
304 can define an inner back surface 432. The inner surface 306 can extend between the
inner front surface 430 and the inner back surface 432. In one aspect, the valve body 102
can define a front groove 402 between the outward front ridge 110 and the inward front ridge
302. Optionally, the front groove 402 can comprise an inward-facing groove surface 404, a
lower groove surface 406, and a side groove surface 408 extending from the inward-facing
groove surface 404 to the outward-facing groove surface 406. Similarly, the valve body 102
can define a back groove 410 between the outward back ridge 112 and the inward back
ridge 304. Optionally, the back groove 410 can comprise an inward-facing groove surface
412, an outward-facing groove surface 414, and a side groove surface 416 extending from
the inward-facing groove surface 412 to the outward-facing groove surface 414. One having
skill in the art will appreciate that the shape of the front groove 402 or the shape of the back
groove 410 should not be considered limiting on the current disclosure as it is contemplated
that any shape of the front groove 402 or the back groove 410 can be present.

[0046] In another aspect, the inner surface 306 can define a valve body groove 418
between the inward front ridge 302 and the inward back ridge 304. Optionally, the valve
body groove 418 can comprise a first side surface 420, a second side surface 422, and a
bottom groove surface 424 extending from the first side surface 420 to the second side
surface 422. However, the shape of the valve body groove 418 should not be considered
limiting on the current disclosure as it is contemplated that any shape of the valve body
groove 418 can be present.

[0047] Referring to Figures 5-8, the seat 106 of the seat assembly 104 can comprise a
body 502. In one aspect, the seat 106 can be constructed from a material that can be
deformable but resilient and that can eliminate potential leak lines and enable a fluid tight
seal to be formed between the seat assembly 104 and the valve body 102. For example and
without limitation, it is contemplated that the seat 106 can be constructed from a material
such as ethylene propylene diene monomer (EPDM) rubber, nitrile rubber (Buna-N),
fluoroelastomers such as the material sold by E.I. du Pont de Nemours and Company
(DuPont), Wilmington, DE under the trade name VITON®, or any other suitable material. In
various embodiments, integrally forming the various elements of the seat 106 eliminates
potential leak lines and enables the valve assembly 100 to form a fluid tight seal.

[0048] The body 502 can comprise a front side 504 and a back side 506 distal from the
front side 504. The body 502 can comprise an inner surface 508 extending from the front
side 504 to the back side 506 and also an outer surface 510 extending from the front side
504 to the back side 506. In one aspect, the inner surface 508 defines a seat bore 512
extending from the front side 504 to the back side 506.
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[0049] Optionally, the inner surface 508 can define a substantially cylindrical portion
514 between the front side 504 and the back side 506, a first angled portion 516 between
the front side 504 and the substantially cylindrical portion 514, and a second angled portion
518 between the back side 506 and the substantially cylindrical portion 514. In this aspect,
both the first angled portion 516 and the second angled portion 518 can be angled relative to
an axis of the seat bore 512 and to the substantially cylindrical portion 514 such that the
angled portions 516,518 are non-coannular with the substantially cylindrical portion 514,
respectively. However, the shape of the inner surface 508 should not be considered limiting
on the current disclosure as it is contemplated that the inner surface 508 can define various
other shaped portions.

[0050] In one aspect, the body 502 can define an upper stem bore 520 and a lower
stem bore 522 extending through the body 502 from the inner surface 508 to the outer
surface 510. Optionally, the upper stem bore 520 can be defined in the body 502 at a
position opposite of the position of the lower stem bore 522. The upper stem bore 520 and
the lower stem bore 522 can be aligned with the upper neck bore 124 and the lower neck
bore 202, respectively, of the valve body 102.

[0051] In another aspect, the outer surface 510 can define a seat alignment rib 524
extending outwards in a radial direction from the outer surface 510 between the front side
504 and the back side 506. Optionally, the seat alignment rib 524 can define a first side
surface 526, a second side surface 702 (shown in Figure 7), and an outer surface 528
extending between the first side surface 526 and the second side surface 702. In this aspect,
the seat alignment rib 524 can be dimensioned to be positioned within the valve body groove
418, as described in greater detail below. The shape of the seat alignment rib 524 should not
be considered limiting on the current disclosure as it is contemplated that other geometric
shapes of the seat alignment rib 524 can be present. Optionally, as shown in Figures 5 and
7, the upper stem bore 520 and the lower stem bore 522 can be defined through the seat
alignment rib 524.

[0052] In yet another aspect, the body 502 can define a front flange 530 extending
outwards in a radial direction from the outer surface 510 at the front side 504. Similarly, the
body 502 can define a back flange 532 extending outwards in a radial direction from the
outer surface 510 at the back side 506. The front flange 530 can comprise an outer surface
534 and an inner surface 704 (shown in Figure 7) distal from the outer surface 534. The
back flange 532 can comprise an outer surface 706 (shown in Figure 7) and an inner surface
536 distal from the outer surface 706. In one aspect, the inner surface 704 of the front flange
530 can face the inner surface 536 of the back flange 532. In another aspect, the outer
surface 510, the inner surface 536, and the inner surface 704 together can define a seat

groove 538. In this aspect, the seat groove 538 can be configured to receive a seat
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engagement portion of the valve body 102 within the seat groove 538. In one aspect, the
seat engagement portion of the valve body 102 can comprise the inward front ridge 302, the
inward back ridge 304, the inner surface 306, the valve body groove 418, the front groove
402, and the back groove 410. The reception of the seat engagement portion of the valve
body 102 within the seat groove 538 is described in greater detail below.

[0053] Optionally, the front flange 530 can define a front lip 540 extending inwards in an
axial direction from the inner surface 704 of the front flange 530 at an outer end 544 of the
front flange 530. In this aspect, the front lip 540 can extend inwards from the front flange 530
into the seat groove 538. In one aspect, the front lip 540 can comprise a top surface 548, a
bottom surface 710 (shown in Figure 7) distal from the top surface 548, and a side surface
712 (shown in Figure 7) extending between the top surface 548 and the bottom surface 710.
Similarly, the back flange 532 can define a back lip 542 extending inwards in an axial
direction from the inner surface 536 of the back flange 532 at an outer end 546 of the back
flange 532. In this aspect, the back lip 542 can extend inwards from the back flange 532 into
the seat groove 538. The back lip 542 can comprise a top surface 550, a bottom surface 708
(shown in Figure 7) distal from the top surface 550, and a side surface 552 extending
between the top surface 550 and the bottom surface 708. One having skill in the art will
appreciate that the shape of the front lip 540 or the shape of the back lip 542 should not be
considered limiting on the current disclosure as it is contemplated that any shape of the front
lip 540 or the back lip 542 can be present.

[0054] Referring to Figures 9—12, the seat cover 108 of the seat assembly 104 can
comprise a body 902. The body 902 can comprise a front side 904 and a back side 906
distal from the front side 904. The body 902 can comprise an inner surface 908 extending
from the front side 904 to the back side 906 and also an outer surface 910 extending from
the front side 904 to the back side 906. In one aspect, the inner surface 908 defines a seat
cover bore 912 extending from the front side 904 to the back side 906. It is contemplated
that the seat cover 108 can be constructed from a material comprising
polytetrafluoroethylene. For example, and without limitation, the seat cover 108 can be
constructed from polytetrafluoroethylene sold by E.l. du Pont de Nemours and Company
(DuPont), Wilmington, DE under the trade name TEFLON®, or any other suitable material
similar to polytetrafluoroethylene, such as or fiucrinated ethyviens propylens or
fiuoropolymers such as perfluoroalkoxy alkanes or other pearfluorosthers, or other known
materials having non-stick, non-corrosive, and/cor non-reactive properties. In one aspect,
constructing the seat cover 108 from a material comprising polytetrafluoroethylene or similar
materials can render the valve assembly 100 suitable for food-grade applications or

applications involving corrosive or caustic fluids.
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[0055] Optionally, the inner surface 908 can define a substantially cylindrical portion
914 between the front side 904 and the back side 906, a first angled portion 916 between
the front side 904 and the substantially cylindrical portion 914, and a second angled portion
918 between the back side 906 and the substantially cylindrical portion 914. In this aspect,
both the first angled portion 916 and the second angled portion 918 can be angled relative to
an axis of the seat cover bore 912 and to the substantially cylindrical portion 914 such that
the angled portions 916,918 are non-coannular with the substantially cylindrical portion 914,
respectively. Similarly, the outer surface 910 can optionally define a substantially cylindrical
portion 920 between the front side 904 and the back side 906, a first angled portion 1102
(shown in Figure 11) between the front side 904 and the substantially cylindrical portion 920,
and a second angled portion 922 between the back side 960 and the substantially cylindrical
portion 920. In this aspect, both the first angled portion 1102 and the second angled portion
922 can be angled relative to an axis of the seat cover bore 912 and to the substantially
cylindrical portion 920 such that the angled portions 1102,922 are non-coannular with the
substantially cylindrical portion 920, respectively. In one aspect, the substantially angled
portions 1102,922 can be angled relative to the substantially cylindrical portion 920 of the
seat cover 108 at an angle similar to that of the angled portions 516,518 relative to the
substantially cylindrical portion of the inner surface 508 of the seat 106. However, the shape
of the inner surface 508 or the shape of the outer surface 910 should not be considered
limiting on the current disclosure as it is contemplated that the inner surface 908 or the outer
surface 910 can define various other shaped portions.

[0056] In one aspect, the body 902 can define an upper stem bore 924 and a lower
stem bore 924 extending through the body 902 from the inner surface 908 to the outer
surface 910. Optionally, the upper stem bore 924 can be defined in the body 902 at a
position opposite of the position of the lower stem bore 924 and can be aligned with the
upper stem bore 520, the lower stem bore 522, the upper neck bore 124, the lower neck
bore 202, respectively. In one aspect, the body 902 can define an upper stem guide 928
extending outwards from the outer surface 910 and surrounding the upper stem bore 924.
Similarly, the body 902 can define a lower stem guide 1104 (shown in Figure 11) extending
outwards from the outer surface 910 and surrounding the lower stem bore 924. In one
aspect, the upper stem guide 928 and the lower stem guide 1104 can be dimensioned such
that the upper stem guide 928 can be positioned within the upper stem bore 520 of the seat
106 and the lower stem guide 1104 can be positioned within the lower stem bore 522 of the
seat 106 when the seat cover 108 is mounted on the seat 106.

[0057] In yet another aspect, the body 902 can define a front flange 930 extending
outwards in a radial direction from the outer surface 910 at the front side 904 to an outer end

940. Similarly, the body 902 can define a back flange 932 extending outwards in a radial

-11 -



CA 03009537 2018-06-21

WO 2017/139038 PCT/US2016/068689

direction from the outer surface 910 at the back side 906 to an outer end 942. The front
flange 930 can comprise an outer surface 934 and an inner surface 1106 (shown in Figure
11) distal from the outer surface 934. The back flange 932 can comprise an outer surface
1108 (shown in Figure 11) and an inner surface 936 distal from the outer surface 1108. In
one aspect, the inner surface 1106 of the front flange 930 can face the inner surface 936 of
the back flange 932. In another aspect, the outer surface 910, the inner surface 936, and the
inner surface 1106 together can define a seat cover groove 938. In this aspect, the seat
cover groove 938 can be configured to receive the seat 106 within the seat cover groove
938, as described in greater detail below.

[0058] Referring to Figures 13—16, in one aspect, the seat cover 108 can be mounted
on the seat 106 such that the seat 106 is positioned within the seat cover groove 938. In one
aspect, the seat 106 is positioned in the seat cover groove 938 such that the front side 504
of the seat 106 and the front side 904 of the seat cover 108 are at the same side of the seat
assembly 104 and the back side 506 of the seat 106 and the back side 906 of the seat cover
108 are at the same side of the seat assembly 104. In one aspect, the inner surface 508 of
the seat 106 can be facing and can be in contact with the outer surface 910 of the seat cover
108. In this aspect, the substantially cylindrical portion 514 of the inner surface 508 of the
seat 106 can be facing and can be in contact with the substantially cylindrical portion 920 of
the outer surface 910 of the seat cover 108, the first angled portion 516 of the inner surface
508 of the seat 106 can be facing and can be in contact with the first angled portion 1102 of
the outer surface 910 of the seat cover 108, and the second angled portion 518 of the inner
surface 508 of the seat 106 can be facing and can be in contact with the second angled
portion 922 of the outer surface 910 of the seat cover 108. In another aspect, the seat cover
108 can be molded over the seat 106. For example and without limitation, it is contemplated
that molding the seat cover 108 over the seat 106 can comprise applying a
polytetrafluoroethylene or similar coating to the surfaces 508,534,706 of the seat 106. The
mechanism for attaching or mounting the seat cover 108 on the seat 106 should not be
considered limiting on the current disclosure as it is contemplated that various other
attachment mechanisms such as adhesives, press-fitting the seat 106 within the seat cover
108, or various other mechanisms can be utilized.

[0059] In another aspect, as described previously, the upper stem guide 926 of the seat
cover 108 can be positioned within the upper stem bore 520 of the seat 106 and the lower
stem guide 926 can be positioned within the lower stem bore 522 of the seat 106. In yet
another aspect, the outer surface 534 of the front flange 530 of the seat 106 can be facing
and can be in contact with the inner surface 1106 of the front flange 930 of the seat cover
108, and the outer surface 706 of the back flange 532 of the seat 106 can be facing and can

be in contact with the inner surface 936 of the back flange 932 of the seat cover 108. In
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another aspect, the inner surface 908 of the seat cover 108 can be the innermost surface of
the seat assembly 104 and the top surfaces 548,550 of the flanges 530,532 of the seat 106
can be the outermost surfaces of the seat assembly 104, respectively. In yet another aspect,
the outer surface 934 of the front flange 930 of the seat cover 108 can be the most front-
facing surface of the seat assembly 104 and the outer surface 1108 of the back flange 932
of the seat cover 108 can be the most back-facing surface of the seat assembly 104.

[0060] Referring to Figures 17—19, in one aspect, the seat assembly 104 can be
mounted on the valve body 102. In this aspect, at least a portion of the seat assembly 104
can be mounted within the body bore 218. In another aspect, at least a portion of the valve
body 102 can be mounted within the seat groove 538.

[0061] In one aspect, the inner surface 306 can be facing and in contact with the outer
surface 510 of the seat 106. In another aspect, the seat alignment rib 524 of the seat 106
can be positioned in and substantially fill the valve body groove 418 of the valve body 102. In
this aspect, the first side surface 420 of the valve body groove 418 can be facing and in
contact with the first side surface 526 of the seat alignment rib 524 and the second side
surface 422 of the valve body groove 418 can be facing and in contact with the second side
surface 702 of the seat alignment rib 524. In one aspect, the seat alignment rib 524
positioned within the valve body groove 418 can define a deformation gap 1802 between the
bottom groove surface 424 of the valve body groove 418 and the outer surface 528 of the
seat alignment rib 524. In this aspect, the bottom groove surface 424 can be facing the outer
surface 528 but spaced apart from the outer surface 528 to define the deformation gap 1802.
Optionally, in another aspect, the front groove 402 can define a front deformation gap 1804
between the inward-facing groove surface 404 and the top surface 548 of the front lip 540 of
the seat 106. Similarly, the back groove 410 can define a back deformation gap 1806
between the inward facing groove surface 412 and the top surface 550 of the back lip 542 of
the seat 106.

[0062] In another aspect, the inner surface 704 of the front flange 530 of the seat 106
can be facing and in contact with the inner front surface 430 of the valve body 102 and the
inner surface 536 of the back flange 532 of the seat 106 can be facing and in contact with
the inner back surface 432 of the valve body 102. In yet another aspect, the front lip 540 can
be positioned within the front groove 402 of the valve body 102 and the back lip 542 can be
positioned within the back groove 410 of the valve body 102. In this aspect, the bottom
surface 710 of the front lip 540 of the seat 106 can be facing and in contact with the outward-
facing groove surface 406 of the front groove 402 of the valve body 102 and the bottom
surface 708 of the back lip 542 of the seat 106 can be facing and in contact with the
outward-facing groove surface 414 of the back groove 410 of the valve body 102. In another

aspect, the side surface 712 of the front lip 540 of the seat 106 can be facing and in contact

-13 -



CA 03009537 2018-06-21

WO 2017/139038 PCT/US2016/068689

with the side groove surface 408 of the front groove 402 of the valve body 102 and the side
surface 552 of the back lip 542 of the seat 106 can be facing and in contact with the side
groove surface 416 of the back groove 410 of the valve body 102. The inward-facing groove
surface 412 of the back groove 410 of the valve body 102 can be facing and in contact with
the top surface 550 of the back lip 542 of the seat 106. The inward-facing groove surface
404 of the front groove 402 of the valve body 102 can be facing and in contact with the top
surface 548 of the front lip 540 of the seat 106.

[0063] In one aspect, it is contemplated that by having the seat 106 inserted into the
valve body 102 with nothing between the seat 106 and the valve body 102, a fluid tight seal
is formed and potential leak lines are minimized, thus reducing the possibility of failure of the
fluid tight seal. This configuration can further reduce the need for additional elements, which
would otherwise increase the number of potential leak lines, while providing a reduction in
the operating torque. For example and without limitation, the deformation gap 1802 can
allow the seat 106 to be compressed into the valve body groove 418, such as during cycling
of the valve assembly 100. In this aspect, the operating torque for cycling the valve
assembly 100 can be reduced. It is also contemplated that positioning the seat alignment rib
524 within the valve body groove 418 can aid in locking the seat assembly 104 in place on
the valve body 102. It is further contemplated that locking the seat assembly 104 in place on
the valve body 102 can substantially prevent radial movement and axial movement of the
seat assembly 104 relative to the valve body 102. It is also contemplated that positioning the
front lip 540 within the front groove 402 and positioning the back lip 542 within the back
groove 410 can also aid in locking the seat assembly 104 in place on the valve body 102
and can form a seal between the seat 106 and the valve body 102 extending an entire length
of the respective grooves 402,410,418. In another aspect, the seat cover 108 constructed
from the material comprising polytetrafluoroethylene or similar material can enable the valve
assembly 100 to be utilized in food-grade settings or settings involving caustic or corrosive
materials. In yet another aspect, the seat cover 108 constructed from the material
comprising polytetrafluoroethylene or similar material can aid in reducing or minimizing the
torque needed to open and close the disc 138 during use of the valve assembly 100.

[0064] In various embodiments, the inner surface 306 of the valve body 102 can be in
full contact with the seat 106 except for deformation gap 1802. In various embodiments,
nothing fills the deformation gap 1802 defined between the outer surface 528 of the seat
alignment rib 524 and the bottom groove surface 424 of the valve body groove 418. By
having the seat 106 inserted into the body 102 with nothing between the seat 106 and the
body 102, a fluid tight seal can be formed and potential leak lines are minimized, thus
reducing the possibility of failure of the fluid tight seal. This configuration further reduces the

need for additional elements, which would otherwise increase the number of potential leak
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lines, while providing a reduction in the operating torque, as described below. However, it is
also contemplated that inner surface 306 may not be in full contact with the seat 106 or
another element can be placed at some point between the seat 106 and the body 102,
depending on the circumstances.

[0065] In a further aspect, a method of manufacturing the valve assembly 100 is
provided. In one aspect, the method can comprise forming the valve body 102, such as by
casting or machining. The method can also comprise forming the seat 106, such as by
injection molding or machining.

[0066] In one aspect, the method can comprise mounting the seat cover 108 on the
seat 106 such that the seat 106 is positioned within the seat cover groove 938. |In one
aspect, mounting the seat cover 108 on the seat 106 can comprise molding the seat cover
108 on the seat 106 by applying a polytetrafluoroethylene or similar coating to the surfaces
508,534,706 of the seat 106. However, the mechanism for attaching or mounting the seat
cover 108 on the seat 106 should not be considered limiting on the current disclosure as it is
contemplated that various other attachment mechanisms such as adhesives, press-fitting the
seat 106 within the seat cover 108, or various other mechanisms can be utilized to mount
the seat cover 108 on the seat 106.

[0067] In another aspect, the method can comprise mounting the seat 106 on the valve
body 102 by positioning the seat 106 at least partially within the body bore 218 and
positioning a portion of the valve body 102 within the seat groove 538. It is contemplated
that mounting the seat 106 on the valve body 102 can be performed before mounting the
seat cover 108 on the seat 106 or after mounting the seat cover 108 on the seat 106.

[0068] In one aspect, the step of mounting the seat 106 on the valve body 102 can
comprise positioning the seat alignment rib 524 within the valve body groove 418 of the
valve body 102. In another aspect, the step of mounting the seat 106 on the valve body 102
can comprise positioning the front lip 540 of the seat 106 within the front groove 402 of the
valve body 102 and positioning the back lip 542 of the seat 106 within the back groove 410
of the valve body 102. Optionally, positioning the back lip 542 within the back groove 410
and positioning the front lip 540 within the front groove 402 can be accomplished by bending
the seat 106.

[0069] The method can further comprise positioning the disc 138 within the seat cover
bore 912 defined by the seat cover 108. In another aspect, the method can comprise
aligning the upper stem bore 520 of the seat, the upper stem bore 924 of the seat cover 108,
and the upper neck bore 124 of the valve body 102. The method can further comprise
aligning the lower stem bore 522 of the seat 106, the lower stem bore 924 of the seat cover
108, and the lower neck bore 202 of the valve body 102. In another aspect, the method can

comprise inserting the upper stem 140 through the upper neck bore 124 of the valve body
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102, the upper stem bore 520 of the seat 106, and the upper stem bore 924 of the seat
cover 108 and into the upper disc opening 210 of the disc 138. The method can further
comprise inserting the lower stem 204 through the lower neck bore 202 of the valve body
102, the lower stem bore 522 of the seat 106, and the lower stem bore 924 of the seat cover
108 and into the lower disc opening 212 of the disc 138. The method can further comprise
securing an actuator system to the valve assembly 100 and engaging the actuator system
with the upper stem 140. As one non-limiting example, it is contemplated that the actuator
system can be secured to the upper neck flange 130 via the securing bores 132 and
corresponding fasteners such that the actuator system is engaged with the upper stem 140.
[0070] In one exemplary aspect, a valve assembly can comprise: a valve body
comprising an inner surface and an outer surface, the inner surface defining a body bore, the
valve body having an inward front ridge and an inward back ridge distal from the inward front
ridge, the inner surface defining a valve body groove between the inward front ridge and the
inward back ridge, the valve body groove having a bottom groove surface; a seat comprising
a front side, a back side distal from the front side, an inner surface, and an outer surface, the
inner surface defining a seat bore, the outer surface defining a seat alignment rib extending
outward in a radial direction from the outer surface between the front side and the back side,
the seat alignment rib comprising an outer surface, the seat mounted on the valve body with
the outer surface of the seat facing the inner surface of the valve body and with the seat
alignment rib positioned in the valve body groove, the valve body groove defining a
deformation gap between the bottom groove surface and the outer surface of the seat
alignment rib; and a seat cover comprising a front side, a back side distal from the front side,
an inner surface, and an outer surface, the inner surface defining a seat cover bore, the seat
cover mounted on the seat with the outer surface of the seat cover facing the inner surface
of the seat.

[0071] In a further exemplary aspect, the seat cover can comprise
polvtetrafiuorcethyiene. In a further exemplary aspect, the seat cover can further comprise: a
front flange extending outwards in a radial direction from the outer surface at the front side;
and a back flange extending outwards in the radial direction from the outer surface at the
back side. In a further exemplary aspect, the front flange can comprise an inner surface and
an outer surface, wherein the back flange can comprise an inner surface and an outer
surface, and wherein the outer surface of the seat cover and the inner surfaces of the front
flange and the back flange together define a seat cover groove receiving the seat within the
seat cover groove. In a further exemplary aspect, the seat can further comprise: a front
flange extending outwards in a radial direction from the outer surface at the front side, the
front flange comprising an inner surface and an outer surface, the outer surface of the front

flange of the seat facing the inner surface of the front flange of the seat cover; and a back
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flange extending outwards in the radial direction from the outer surface at the back side, the
back flange comprising an inner surface and an outer surface, the outer surface of the back
flange of the seat facing the inner surface of the back flange of the seat cover, wherein the
outer surface of the seat and the inner surfaces of the front flange and the back flange of the
seat together define a seat groove receiving the valve body within the seat groove. In a
further exemplary aspect, the outer surface of the seat cover can cover the inner surface of
the seat. In a further exemplary aspect, the outer surface of the seat cover can contact the
inner surface of the seat. In a further exemplary aspect, the seat cover can define a stem
guide extending outwards in a radial direction from the outer surface, and wherein the seat
cover defines a stem bore extending through the stem guide and the seat cover from the
inner surface to a top surface of the stem guide. In a further exemplary aspect, the inner
surface of the seat cover can comprise a substantially cylindrical portion facing radially
inward and an angled portion, and wherein the outer surface of the seat cover can comprise
a substantially cylindrical portion facing radially inward and an angled portion. In a further
exemplary aspect, the valve assembly can further comprise a disc positioned in the seat
cover bore, the disc configured to rotate in the seat cover bore between an open position
and a closed position.

[0072] In another exemplary aspect, a seat assembly can comprise: a seat comprising
a front side, a back side distal from the front side, an inner surface, and an outer surface, the
inner surface defining a seat bore, the outer surface defining a seat alignment rib extending
outward in a radial direction from the outer surface between the front side and the back side,
the seat alignment rib comprising an outer surface; and a seat cover comprising a front side,
a back side distal from the front side, an inner surface, and an outer surface, the inner
surface defining a seat cover bore, the seat cover mounted on the seat with the outer
surface of the seat cover facing the inner surface of the seat.

[0073] In a further exemplary aspect, the seat cover can comprise
polytetrafiuorcethyienea. In a further exemplary aspect, the seat cover can further comprise: a
front flange extending outwards in a radial direction from the outer surface at the front side;
and a back flange extending outwards in the radial direction from the outer surface at the
back side. In a further exemplary aspect, the front flange can comprise an inner surface and
an outer surface distal from the inner surface, wherein the back flange can comprise an
inner surface and an outer surface, and wherein the outer surface of the seat cover and the
inner surfaces of the front flange and the back flange together define a seat cover groove
receiving the seat within the seat cover groove. In a further exemplary aspect, the seat can
further comprise a front flange extending outwards in the radial direction from the outer
surface at the front side, and a back flange extending outwards in the radial direction from

the outer surface at the back side. The front flange can comprise an outer end distal from the
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outer surface of the seat, an inner surface, an outer surface distal from the inner surface, the
outer surface of the front flange of the seat facing the inner surface of the front flange of the
seat cover, and a front lip extending inwards in an axial direction from the inner surface at
the outer end. The back flange can comprise an outer end distal from the outer surface of
the seat, an inner surface, an outer surface distal from the inner surface, the outer surface of
the back flange of the seat facing the inner surface of the back flange of the seat cover, and
a back lip extending inwards in an axial direction from the inner surface at the outer end and
towards the front lip.

[0074] In another exemplary aspect, a method of manufacturing a valve assembly can
comprise: forming a valve body comprising an inner surface, the inner surface defining a
valve body bore, the inner surface defining a valve body groove between an inward front
ridge and an inward back ridge of the valve body, the valve body groove having a bottom
groove surface; forming a seat comprising an outer surface defining a seat alignment rib
extending outward in a radial direction from the outer surface between a front side and a
back side of the seat, the seat alignment rib comprising an outer surface; mounting a seat
cover on the seat with the seat within a seat cover groove defined by the seat cover,
positioning the seat and seat cover at least partially within the valve body bore; and
positioning the seat alignment rib into the valve body groove to define a deformation gap
between the bottom groove surface and the outer surface of the seat alignment rib.

[0075] In a further exemplary aspect, the method can further comprise: positioning a
rotatable disc within a seat cover bore defined by the seat cover; and inserting a stem
through a stem bore defined by the valve body, a stem bore defined by the seat, a stem bore
defined by the seat cover, and into a disc opening defined by the rotatable disc. In a further
exemplary aspect, mounting the seat cover on the seat can comprise molding the seat cover
around the seat. In a further exemplary aspect, the method can further comprise: forming a
front side groove in the valve body between an outward front ridge and the inward front ridge
of the valve body; forming a back side groove in the valve body between an outward back
ridge and the inward back ridge of the valve body; forming a front flange having a lip at a
front side of the seat, the front flange extending radially outwards from the outer surface of
the seat; forming a back flange having a lip at a back side of the seat, the back flange
extending radially outwards from the outer surface of the seat; positioning the lip of the front
flange of the seat within the front side groove of the valve body; and positioning the lip of the
back flange of the seat within the back side groove of the valve body. In a further exemplary
aspect, mounting the seat on the seat cover can further comprise aligning a stem bore

defined by the seat cover with a stem bore defined by the seat.
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[0076] In another exemplary aspect, a seat assembly can comprise: a seat comprising
an outer surface and an inner surface; and a seat cover mounted on the seat, an outer
surface of the seat cover facing the inner surface of the seat.

[0077] It should be emphasized that the above-described aspects are merely possible
examples of implementations, merely set forth for a clear understanding of the principles of
the present disclosure. Many variations and modifications can be made to the above-
described embodiment(s) without departing substantially from the spirit and principles of the
present disclosure. All such modifications and variations are intended to be included herein
within the scope of the present disclosure, and all possible claims to individual aspects or
combinations of elements or steps are intended to be supported by the present disclosure.
Moreover, although specific terms are employed herein, as well as in the claims which
follow, they are used only in a generic and descriptive sense, and not for the purposes of

limiting the described invention, nor the claims which follow.
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CLAIMS

1. A valve assembly comprising:

a valve body comprising

an inner surface and an outer surface, the inner surface defining a

body bore,

an inward front ridge and an inward back ridge distal from the inward
front ridge, and

an outward front ridge and an outward back ridge distal from the

inward front ridge,

wherein the valve body defines a front groove between the outward
front ridge and the inward front ridge and a back groove between the
outward back ridge and the inward back ridge, the inner surface
defining a valve body groove between the inward front ridge and the
inward back ridge, the valve body groove having a bottom groove
surface, the inward front ridge of the valve body defining an inner
front surface, the inner front surface orthogonal to and intersecting a
lower groove surface of the front groove and orthogonal to and
intersecting the inner surface of the valve body, the valve body further
defining a chamfer at an intersection between an inward-facing groove
surface of the front groove and an outer front surface of the outward

front ridge; and
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a seat comprising
a front side,
a back side distal from the front side,
an inner surface defining a seat bore,

an outer surface defining a seat alignment rib, the seat alignment rib
extending outward in a radial direction with respect to the seat bore
from the outer surface of the seat between the front side and the back
side, the seat alignment rib comprising an outer surface, the seat
mounted on the valve body with the outer surface of the seat facing
the inner surface of the valve body and with the seat alignment rib
positioned in the valve body groove, the valve body groove defining a
first deformation gap between the bottom groove surface and the
outer surface of the seat alignment rib, the first deformation gap

intersecting an upper stem bdre and a lower stem bore of the body,

a front flange extending outwards in a radial direction with respect to
the seat bore from the outer surface of the seat at the front side, the
front flange of the seat comprising an inner surface and an outer

surface, and

a front lip positioned in the front groove of the valve body, the front lip
defining a top surface, a bottom surface, and a side surface extending
between the top surface and the bottom surface, the side surface
orthogonal to and intersecting each of the top surface and the bottom

surface; and
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a seat cover comprising

a front side,

a back side distal from the front side,

an inner surface defining a seat cover bore,

an outer surface, the seat cover mounted on the seat with the outer
surface of the seat cover facing and contacting the inner surface of the

seat,

a front flange extending outwards in a radial direction with respect to
the seat cover bore from the outer surface of the seat cover at the

front side, and

a back flange extending outwards in the radial direction with respect to
the seat cover bore from the outer surface of the seat cover at the

back side,

wherein the outer surface of the front flange of the seat faces and contacts
the inner surface of the front flange of the seat cover, an outer end of the
front flange of the seat cover aligned with an outer end of the front flange of
the seat, the outer end of the front flange of the seat cover and the outer
end of the front flange of the seat together defining a single cylindrical
surface, the outward front ridge of the valve body and the cylindrical surface

defining a front deformation gap therebetween.

2. The valve assembly of claim 1, wherein the seat cover comprises

polytetrafluoroethylene.
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3. The valve assembly of claim 1, wherein the front flange of the seat cover
comprises an inner surface and an outer surface, wherein the back flange of
the seat cover comprises an inner surface and an outer surface, and wherein
the outer surface of the seat cover and the inner surfaces of the front flange
and the back flange of the seat cover together define a seat cover groove

receiving the seat within the seat cover groove.

4, The valve assembly of claim 3, wherein the seat further comprises:

a back flange extending outwards in the radial direction with respect to the
seat bore from the outer surface of the seat at the back side, the back flange
of the seat comprising an inner surface and an outer surface, the outer
surface of the back flange of the seat facing the inner surface of the back
flange of the seat cover,

wherein the outer surface of the seat and the inner surfaces of the front
flange and the back flange of the seat together define a seat groove

receiving the valve body within the seat groove.

5. The valve assembly of claim 1, wherein the seat cover covers the inner
surface of the seat.

6. The valve assembly of claim 1, wherein the outer surface of the seat cover

contacts the inner surface of the seat.

7. The valve assembly of claim 1, wherein the seat cover defines a stem guide
extending outwards in a radial direction with respect to the seat cover bore
from the outer surface of the seat cover, and wherein the seat cover defines
a stem bore extending through the stem guide and the seat cover from the

inner surface to a top surface of the stem guide.
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8. The valve assembly of claim 1, wherein the inner surface of the seat cover
comprises a substantially cylindrical portion facing radially inward and an
angled portion, and wherein the outer surface of the seat cover comprises a
substantially cylindrical portion facing radially outward and an angled portion.

9. The valve assembly of claim 1, wherein the seat alignment rib is configured
to elastically deform into each portion of the deformation gap that intersects
the upper stem bore or the lower stem bore.

10. A valve assembly comprising:

a valve body comprising

an inner surface and an outer surface, the inner surface defining a
body bore,

an inward front ridge and an inward back ridge distal from the inward
front ridge, and

an outward front ridge and an outward back ridge distal from the

inward front ridge;
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a seat comprising

a front side,

a back side distal from the front side,

an inner surface defining a seat bore,

an outer surface defining a seat alignment rib extending outward in a
radial direction from the outer surface between the front side and the

back side, the seat alignment rib comprising an outer surface,

a front flange extending outwards in the radial direction from the outer
surface of the seat at the front side, the front flange of the seat
comprising an inner surface, an outer surface, and an outer end distal

from the outer surface of the seat,

a front lip positioned in the front groove of the valve body, the front lip
extending inwards in an axial direction from the inner surface at the
outer end, the front lip defining a top surface, a bottom surface, and a
side surface extending between the top surface and the bottom
surface, the side surface orthogonal to and intersecting each of the top

surface and the bottom surface; and

a back flange extending outwards in the radial direction from the outer

surface of the seat at the back side; and

25

CA 3009537 2020-03-04



a seat cover comprising

a front flange extending outwards in a radial direction with respect to
the seat cover bore at a first axial end and comprising an outer surface

facing axially outward, and

a back flange distal from the front flange, the back flange of the seat
cover extending outwards in a radial direction with respect to the seat
cover bore at a second axial end and comprising an outer surface

facing axially outward,

wherein the outer surface of each of the front flange of the seat cover
and the back flange of the seat cover are continuously flat in cross-
section from the inner surface of the body of the seat cover and
extending outwards in the radial direction, an outer end of the front
flange of the seat cover aligned with an outer end of the front flange of
the seat and an outer end of the back flange of the seat cover aligned
with an outer end of the back flange of the seat, the outer end of the
front flange of the seat cover and the outer end of the front flange of
the seat together defining a single cylindrical surface, the cylindrical
surface being a first cylindrical surface, the valve body defining a
second cylindrical surface facing but offset from the first cylindrical
surface, the first cylindrical surface extending axially beyond an axial
end of the valve body, the valve body defining a chamfer at an
intersection between the second cylindrical surface and the outer front
surface of the outward front ridge, the inner surface defining a seat
cover bore, the seat cover mounted on the seat with the outer surface
of the seat cover facing the inner surface of the seat; the seat cover
also comprising polytetrafluoroethylene, the polytetrafluoroethylene of

the seat cover being in contact with the seat.
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11. The valve assembly of claim 10, wherein the back flange of the seat cover
comprises an inner surface and an outer surface, and wherein the outer
surface of the seat cover and the inner surfaces of the front flange of the
seat cover and the back flange of the seat cover together define a seat cover
groove receiving the seat within the seat cover groove.

12. The valve assembly of claim 11, wherein:
the outer surface of the front flange is distal from the inner surface of the
front flange of the seat, the outer surface of the front flange of the seat
facing the inner surface of the front flange of the seat cover; and
the back flange of the seat comprises:

an outer end distal from the outer surface of the seat,

an inner surface,

an outer surface distal from the inner surface, the outer surface of the
back flange of the seat facing the inner surface of the back flange of

the seat cover, and

a back lip extending inwards in an axial direction from the inner
surface at the outer end and towards the front lip.
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13. The valve assembly of claim 10, wherein thé inner surface of the body of the
seat cover comprises a first tapered surface and a second tapered surface,
the first tapered surface extending inward from and intersecting the outer
surface of the front flange of the body of the seat cover and the second
tapered surface extending inward from and intersecting the outer surface of
the back flange of the body of the seat cover, the first tapered surface and
the second tapered surface facing at least partially radially inward, a portion
of the inner surface that is flat in cross-section extending from the first
tapered surface to the second tapered surface in a direction parallel to the

axial direction.
14. A method of manufacturing a valve assembly, the method comprising:
forming a valve body comprising
an inner surface, the inner surface defining a valve body bore, the
inner surface defining a valve body groove between an inward front
ridge and an inward back ridge of the valve body, the valve body
groove having a bottom groove surface,
an outward front ridge, and
an outward back ridge distal from the inward front ridge,
wherein the valve body defines a front groove between the outward front
ridge and the inward front ridge, the inward front ridge of the valve body
defining an inner front surface, the inner front surface orthogonal to and

intersecting a lower groove surface of the front groove and orthogonal to and
intersecting the inner surface of the valve body;
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forming a seat comprising an outer surface defining a seat alignment rib
extending outward in a radial direction from the outer surface of the seat
between a front side and a back side of the seat, the seat alignment rib

comprising an outer surface;

forming a front flange having a lip at a front side of the seat, the front flange
extending outwards in a radial direction with respect to the seat bore from-
the outer surface of the seat at the front side, the front flange of the seat
comprising an inner surface and an outer surface, the seat further comprising
a front lip positioned in the front groove of the valve body, the front lip
defining a top surface, a bottom surface, and a side surface extending
between the top surface and the bottom surface, the side surface orthogonal

to and intersecting each of the top surface and the bottom surface;

mounting a seat cover on the seat, the seat positioned within a seat cover
groove defined by the seat cover, the seat cover comprising a body, the body
defining an inner surface facing radially inward, the body comprising a front
flange and a back flange, the front flange extending outwards in a radial
direction at a first axial end of the body and comprising an outer surface
facing axially outward, the back flange extending outwards in a radial
direction at a second axial end of the body and comprising an outer surface
facing axially outward, the outer surface of each of the front flange and the
back flange being continuously flat in cross-section from the inner surface of

the body of the seat cover and extending outwards in the radial direction;
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aligning an outer end of the front flange of the seat cover with an outer end
of the front flange of the seat, the outer end of the front flange of the seat
cover and the outer end of the front flange of the seat together defining a
single cylindrical surface, the outward front ridge of the valve body and the
cylindrical surface defining a front deformation gap therebetween, the
cylindrical surface being a first cylindrical surface, the valve body defining a
second cylindrical surface facing but offset from the first cylindrical surface,
the first cylindrical surface extending axially beyond an axial end of the valve
body, the valve body defining a chamfer at an intersection between the
second cylindrical surface and the outer front surface of the outward front

ridge;

positioning the seat and seat cover at least partially within the valve body
bore; and

positioning the seat alignment rib into the valve body groove to define a
deformation gap between the bottom groove surface and the outer surface of
the seat alignment rib, the deformation gap intersecting an upper stem bore
and a lower stem bore of the body.

15. The method of claim 14, further comprising:

positioning a rotatable disc within a seat cover bore defined by the seat

cover; and

inserting a stem through a stem bore defined by the valve body, a stem bore
defined by the seat, a stem bore defined by the seat cover, and into a disc
opening defined by the rotatable disc.

16. The method of claim 14, wherein mounting the seat cover on the seat

comprises molding the seat cover around the seat.
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17. The method of claim 14, further comprising:

forming a front side groove in the valve body between an outward front ridge

and the inward front ridge of the valve body;

forming a back side groove in the valve body between an outward back ridge

and the inward back ridge of the valve body;

forming a back flange having a lip at a back side of the seat, the back flange
extending radially outwards from the outer surface of the seat; positioning
the lip of the front flange of the seat within the front side groove of the valve

body; and

positioning the lip of the back flange of the seat within the back side groove

of the valve body.

18. The method of claim 14, wherein mounting the seat on the seat cover further
comprises aligning a stem bore defined by the seat cover with a stem bore

defined by the seat.

19. The method of claim 14, wherein the inner surface of the body of the seat
cover comprises a first tapered surface and a second tapered surface, the
first tapered surface extending inward from and intersecting the outer
surface of the front flange of the body of the seat cover and the second
tapered surface extending inward from and intersecting the outer surface of
the back flange of the body of the seat cover, the first tapered surface and
the second tapered surface facing at least partially radially inward, a portion
of the inner surface that is flat in cross-section extending from the first
tapered surface to the second tapered surface in a direction parallel to the

axial direction.
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20. The method of claim 14, further comprising elastically deforming the seat
alignment rib into the deformation gap such that the seat alignment rib also
deforms into each portion of the deformation gap that intersects the upper

stem bore or the lower stem bore.

21. A valve assembly comprising:

a valve body comprising

an inner surface and an outer surface, the inner surface defining a

body bore,

an inward front ridge and an inward back ridge distal from the inward

front ridge,

an outward front ridge and an outward back ridge distal from the

inward front ridge,

wherein the valve body defines a front groove between the outward
front ridge and the inward front ridge and a back groove between the
outward back ridge and the inward back ridge, the inner surface
defining a valve body groove between the inward front ridge and the
inward back ridge, the valve body groove having a bottom groove
surface, the inward front ridge of the valve body defining an inner
front surface, the inner front surface orthogonal to and intersecting a
lower groove surface of the front groove and orthogonal to and
intersecting the inner surface of the valve body;
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a seat comprising

a front side,

a back side distal from the front side,

an inner surface defining a seat bore,

an outer surface defining a seat alignment rib, the seat alignment rib
extending outward in a radial direction with respect to the seat bore
from the outer surface of the seat between the front side and the back
side, the seat alignment rib comprising an outer surface, the seat
mounted on the valve body with the outer surface of the seat facing
the inner surface of the valve body and with the seat alignment rib
positioned in the valve body groove, the valve body groove defining a
first deformation gap between the bottom groove surface and the
outer surface of the seat alignment rib, the first deformation gap

intersecting an upper stem bore and a lower stem bore of the body,

a front flange extending outwards in a radial direction with respect to
the seat bore from the outer surface of the seat at the front side, the
front flange of the seat comprising an inner surface and an outer

surface, and

a front lip positioned in the front groove of the valve body, the front lip
defining a top surface, a bottom surface, and a side surface extending
between the top surface and the bottom surface, the side surface
orthogonal to and intersecting each of the top surface and the bottom
surface; and
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a seat cover comprising

a front side,

a back side distal from the front side,

an inner surface defining a seat cover bore,

an outer surface, the seat cover mounted on the seat with the outer
surface of the seat cover facing and contacting the inner surface of the

seat,

a front flange extending outwards in a radial direction with respect to
the seat cover bore from the outer surface of the seat cover at the

front side, and

a back flange extending outwards in the radial direction with respect to
the seat cover bore from the outer surface of the seat cover at the

back side,

wherein the outer surface of the front flange of the seat faces and
contacts the inner surface of the front flange of the seat cover, an
outer end of the front flange of the seat cover aligned with an outer
end of the front flange of the seat, the outer end of the front flange of
the seat cover and the outer end of the front flange of the seat
together defining a single cylindrical surface, the outward front ridge of
the valve body and the cylindrical surface defining a front deformation

gap therebetween; and
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wherein the cylindrical surface is a first cylindrical surface, the valve
body defining a second cylindrical surface facing but offset from the
first cylindrical surface, the first cylindrical surface extending axially
beyond an axial end of the valve body, the valve body defining a
chamfer at an intersection between the second cylindrical surface and

the outer front surface of the outward front ridge.
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