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(57) Abrégée/Abstract:
A seal assembly Is provided for a rotary ball valve having a top -mounted bonnet, thereby allowing the seal assembly to be installed
and removed without removing the valve from the pipeline. In an embodiment, the seal assembly may Include a seal ring (44)
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(57) Abrege(suite)/Abstract(continued):

disposed within the valve interior and biased toward the ball element of the valve. A seal carrier (46) may be disposed between the
seal ring and the valve body (12), and the seal carrier may be removably secured to the valve body by a plurality of bolts (48)
disposed In the valve Interior. A primary leak path (50) may exist between the seal ring and the seal carrier and a secondary leak
path (52) may exist between the seal carrier and the valve body. A bellows seal (54) may prevent fluid flow through the primary leak
path, and an auxiliary seal (56) may prevent fluid flow through the secondary leak path.
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(57) Abstract: A seal assembly 1s provided for a rotary ball valve having a top -mounted bonnet, thereby allowing the seal assem -
bly to be mstalled and removed without removing the valve from the pipeline. In an embodiment, the seal assembly may include a
seal ring (44) disposed within the valve interior and biased toward the ball element of the valve. A seal carrier (46) may be dis-
& posed between the seal ring and the valve body (12), and the seal carrier may be removably secured to the valve body by a plurali -
o ty of bolts (48) disposed in the valve interior. A primary leak path (50) may exist between the seal ring and the seal carrier and a

secondary leak path (52) may exist between the seal carrier and the valve body. A bellows seal (54) may prevent fluid flow
through the primary leak path, and an auxiliary seal (56) may prevent fluid flow through the secondary leak path.
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FLOATING BALL VALVE SEAL WITH BELLOWS AND C-SEAL
FIELD OF THE DISCLOSURE

[0001] The present disclosure relates to fluid confrol devices and, more particularly, to

rotary ball-type fluid control valves.
BACKGROUND

{0002} Rotary ball valves are used in a wide number of process control system
applications to control some parameters of a process fluid such as a liquid, gas, slurry, ete.
While the process control system may use a control valve to ultimately control the
pressure, level, pH, or other desired parameter of a fluid, the control valve basically

controls the rate of fluid flow.

[6003] Typically, a rotary ball valve includes a valve body defining a fluid inlet and a
fluid outlet. A ball element is mounted in the valve body and rotates about a fixed axis
into and out of abutment with a seal assembly, thereby controlling the amount of fluid flow
through the valve. With typical holted in-line ball valves, the seal assembly is inserted into
the valve body through the fluid inlet, and retained adjacent to a flange of the valve body

with a seal protector ring.

{0004} Rotary ball valve components, inchuding the valve body, the ball element, and
the seal assembly, are typically constructed of metal. This stands especially true when
used in high pressure and/or high temperature applications. However, the ball element and
seal assembly can suffer wear due to the repeated engagement of the ball element and seal
assembly during opening and closing of the valve. The problems resulting from the wear
include, but are not limited to, diminished life span of the valve components, increased
frictional forces between the ball element and the seal assembly, and undesirable leakage
between the ball element and the seal assembly, as well as between the seal assembly and
the valve body. Similarly, because the frictional forces tend to increase as the components
become more worn, the dynamic performance and control characteristics within the valve
are worsened, resulting in inefficiencies and inaccuracies in the valve. To alleviate some

of these concerns, some seal assemblies are biased such as to provide a more reliable seal
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against the ball 1n the closed position. Regardless of the spectific type of seal assembly
utthized, most conventional rotary ball valves must be unbolted from the fluid process
control system to replace the seal assembly in the event it becomes worm or otherwise

meftective.
SUMMARY

[0005] In a first aspect, a valve may include a valve body having an inlet, an outlet, and
a valve interior 1n fluid communication with the inlet and outlet. The valve may also
include a bonnet removably secured to a top portion of the valve body. A ball element
may be pivotably mounted in the valve interior, and an exterior surface of the ball element
may define a portion of a sphere, wherein all points on the exterior surface of the ball
element are not equidistant from a natural pivot point of the ball element. A seal ring may
be disposed within the valve interior and biased toward the ball element, wherein the seal
ring may be adapted to sealingly engage the ball element. Additionally, an anchor ring
may disposed within the valve interior and secured to the valve body. A seal camrier may
be disposed in the valve interior between the seal ring and the valve body, and the seal
carrier may be removably secured to the anchor ring by a plurality of bolts that are
disposed within the valve intertor and adapted to be inserted and removed from within the
valve mterior. A primary leak path may exist between the seal ring and the seal carrier and
a seccondary leak path may exist between the seal carrier and the valve body, and the
primary leak path and the secondary leak path being may cach be exposed to fluid pressure
within the valve. A bellows seal may be disposed between the seal ring and the seal
carrier, and the bellows seal may prevent fluid flow through the primary leak path. An
auxiliary seal may be disposed between the seal carrier and the valve body, and the

auxiliary seal may prevent fluid flow through the secondary leak path.

[0006] In a further aspect, an alignment gap may be formed between the seal ring and
the seal carrier, and the alignment gap may define a portion of the primary leak path. The
alignment gap may provide a space between the seal carrier and the seal ring that allows
the seal ring to radially move relative to the seal carrier such that the seal ring self-aligns

when the ball element sealingly engages the seal ring.



CA 02797946 2012-10-30
WO 2011/137008 PCT/US2011/033305

(0007] In another aspect, the bellows seal may be secured {o a portion of the seal carrier
and a portion of the seal ring, and the bellows seal may be welded to both a portion of the

seal carrier and a portion of the seal ring.

[0008] In a further aspect, a bellows shroud may be secured to the seal carmer such that

the bellows seal is disposed between the bellows shroud and the seal carrier.

[0009] In a further aspect, the second auxiliary disposed between the seal carrier and the
valve body may be a C-seal. A mouth of the C-seal may open towards a direction of fluid
tlow in the secondary leak path. The C-seal may be disposed in a recess formed in the
seal carrier. The C-seal may sealingly engage a portion of the valve body and a portion of

the recess formed in the seal carrier to prevent fluid flow through the secondary leak path.

[0010] In a still further aspect, the second auxiliary seal disposed between the seal

carrier and the valve body may be an annular gasket.

[0011} In another aspect, a wave spring may bias the seal ring towards the ball element,

and the wave spring may be disposed in a recess formed in the seal ring.

[0012] In a further aspect, the axial displacement of the seal ring away from the seal
carrier may be limited by a seal retainer that is coupled to the seal carrier, and the seal
retainer may be removably secured to the seal carrier by a plurality of bolts that are

disposed within the valve interior.

[0013] In another aspect, each of the plurality ot bolts may threadedly engage both a
threaded bore formed in a flange portion of the seal carrier and a threaded bore formed in

the anchor ring.

[0014] A method of installing a seal ring assembly may include providing a ball valve
including a valve body having an inlet, an outlet, and a valve interior in fluid
communication with the inlet and outlet. A bonnet opening may be provided adjacent to a
top portion of the valve body. A ball element may be pivotably mounted in the valve
interior, and an exterior surface of the ball element may define a portion of a sphere, and
all points on the exterior surface of the ball element are not equidistant from a natural pivot
point of the ball element. A seal carrier sub-assembly may be assembled in a location not

within the valve interior. The seal carrier sub-assembly may include a seal carrier having



CA 02797946 2012-10-30

WO 2011/137008 PCT/US2011/033303

an 1nner recess, a seal ring disposed within the inner recess, wherein the seal ring 1s
adapted to sealingly engage the ball element. The scal carrier sub-assembly may further
include a bellows seal secured to both the seal ring and the seal carrier, and an auxiliary
seal may be coupled to the seal carrier. The seal carrier sub-assembly may be inserted nto
the bonnet opening such that the seal camier sub-assembly 1s disposed within the valve
intertor. In addition, the seal carmer sub-assembly may be secured to the valve body such
that the bellows seal prevents fluid from flowing through a primary leak path that exists
between the seal ring and the seal carrier and such that the auxiliary seal prevents fluid
from tlowing through a secondary leak path that exists between the seal carrier and the

valve body. A bonnet may be secured to the valve body to cover the bonnet opening.

[0015] In another aspect, securing the seal carrier sub-assembly to the valve body may
include inserting a plurality of bolts through a plurality ot corresponding threaded bores
formed in the seal carrier, and wherein each of the bolts threadedly engages a

corresponding threaded bore formed in an anchor ring. The anchor ring may be secured to

the valve body within the valve interior.

[0016] In a further aspect, an alignment gap may be provided between the seal ring and
seal carrier, and the alignment gap may define a portion of the primary leak path. The
alignment gap may provide a space between the seal carrier and the seal ring that allows

the seal ring to radially move relative to the seal carrier such that the seal ning selt-aligns

when the ball element sealingly engages the seal ring.

[6017] In a still further aspect, the axial displacement of the seal ring away trom the seal
carrier may be limited by a seal retainer that 1s coupled to the seal carrier. In addition, the

auxiliary seal 15 one of a C-seal disposed in an outer recess of the seal carrier and a gasket

secured to a bottom wall of the seal camer.

BRIEF DESCRIPTION OF THE DRAWINGS

{0018} FIG. 1 1s a cross-sectional view of a rotary ball valve constructed in accordance

with the principles of the present disclosure;
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[0019] FIG. 2 1s an enlarged fragmentary cross-sectional view taken at Circle I of
Figure 1 and illustrating an embodiment of the seal assembly of the rotary ball valve with

the rotary ball valve shown in the open position:

[0020] FIG. 3 1s another enlarged fragmentary cross-sectional view similar to FIG. 2 and

showing the rotary ball valve in the closed position; and

(0021}  FIG. 4 1s another enlarged fragmentary cross-sectional view similar to FIG. 2 but
showing a seal assembly assembled in accordance with the teachings of another disclosed

example of the present invention.

DETAILED DESCRIPTION

[6022] FIG. 1 depicts a rotary ball valve 10 constructed in accordance with the
principles ot the disclosure, and generally including a valve body 12, a bonnet 14, a control
assembly 16, and a seal assembly 24. The valve body 12 has a generally cylindrical shape
and includes an inlet portion 18, an outlet portion 20, a primary flowpath 22, and a bonnet
opening 25 located adjacent to a top portion of the valve body 12. As indicated by the
arrow, the primary flowpath 22 extends from the inlet portion 18 to the outlet portion 20 in
a direction that is generally parallel to a longitudinal axis A. The inlet portion 18 is
surrounded by an inlet flange 26. The outlet portion 20 is surrounded by an outlet flange
28. The inlet flange 26 and the outlet flange 28 arc adapted to couple the ball valve 10 into
a process control pipeline such as by bolting, welding, clamping, or any other known

mearns.

[0023] The bonnet 14 includes a generally cylindrical structure bolted into the bonnet
opening 25 of the valve body 12 with a plurality of bonnet bolts 27. The bonnet 14 defines
a through-bore 29 that supports various components of the control assembly 16, as is
generally known. The control assembly 16 includes a ball element 30, a drive shaft 32,
and a support shaft 34. The drive shaft 32 is disposed through the through-bore 29 in the
bonnet 14 and is adapted to be coupled to a rotary actuator in a known manner. The
support shatt 34 1s disposed within a blind bore 36 formed in a wall of the valve body 12
that 1s opposite the bonnet opening 25. The through-bore 29 in the bonnet 14 and the blind

bore 36 n the valve body 12 can include bearings as is known in the art to facilitate
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consistent unencumbered rotational displacement of the shafts 32, 34 and, therefore, the

ball element 30 during operation of the ball valve 10.

(0024]  The ball element 30 typically includes a cammed ball element, as 1s known in the
art, to facilitate a repeatable seal with the seal assembly 24 when in the closed position, as
shown in FIG. 1. More specifically, an exterior surface of the ball element 30 may define a
portion ot a sphere, wherein all points on the exterior surface of the ball element are not

equidistant from a natural pivot point of the ball element, such as the rotational axis of

each of the shafts 32, 34.

[0025]  In the example shown, the seal assembly 24 is mounted in the valve body 12 at
an mterior location that 1s downstream from the inlet portion 18, and generally adjacent to
the bonnet opening 25. So configured, when the seal assembly 24 requires replacement,
the bonnet 14 and control assembly 16 can be removed from the valve body 12, and the
seal assembly 24 is loaded through the bonnet opening 25. This eliminates the need to
remove the entire valve 10 from the pipeline, in which it is mounted, to replace the seal

assembly 24, which is highly advantageous when the valve 10 is butt-welded into position.

[0026] To accommodate the seal assembly 24, the disclosed embodiment of the valve
body 12 defines an internal recess 42 disposed completely downstream from the inlet
portion 18 of the valve body 12. Said another way, the internal recess 42 is disposed
between the inlet portion 18 of the valve body 12 and the ball element 30 of the control
assembly 16. The recess 42 of the disclosed embodiment is generally annular in shape and
has a stepped profile defined by internal surfaces of the valve body 12 includin g first and

second cylindrical surfaces 38a, 38b, and first and second transverse surfaces 40a, 40b.

[0027]  The second cylindrical surface 38b is disposed between the inlet porfion 18 of
the valve body 12 and the first cylindrical surface 38a, when considered relative a direction
of the flow path 22 depicted in FIG. 1. Similarly, the second axial surface 40b is disposed
between the inlet portion 18 of the valve body 12 and the first axial surface 40a, when

considered relative to the direction of the flowpath 22 depicted in FIG. 1.

[(0028]  Moreover, as illustrated, the first cvlindrical surface 38a has a first diameter Da

that is larger than a second diameter Db of the second cylindrical surface 38b. The first
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and second diameters Da, Db are each larger than an inlet diameter Di of the inlet portion

18 of the valve body 12.

[0029]  With the valve body 12 so configured, the seal assembly 24 is mounted in the
valve 10 through the bonnet opening 25, as mentioned above, thereby enabling the valve to
be used in environments that require the inlet and outlet flanges 26, 28 to be butt-welded
in-line, as opposed to bolted in-line configurations. Of course, this design could also be
used with bolted valve bodies, or otherwise. Moreover, the seal assembly 24 of the
disclosed embodiment is disposed in the internal recess 42 such that when the ball element
30 1s closed, as shown in FIG. 1, the seal assembly 24 is completely disposed between the
ball element 30 and the inlet portion 18 of the valve body 12. While the internal recess 42
of the valve body 12 depicted in FIG. 1 has been described as inclixding a stepped profile
defined by two internal cylindrical surfaces 38a, 38b and two transverse surfaces 40a, 40b,
alternative embodiments of the present disclosure can have more or less than two internal
cylindrical surfaces and two transverse surfaces depending, for example, on the specific

design of the seal assembly 24 and/or other considerations.

[(0030] Reterring now to FIG. 2, which is a detail view taken from Circle 11 of FIG. I,
one specific embodiment of a seal assembly 24 constructed in accordance with the

teachings of the present disclosure will be described.

[0031]  The seal assembly 24 includes a seal ring 44 disposed within the interior of the
valve body 12. The seal ring 44 is biased toward the ball element to sealingly engage the
ball element 30. An anchor ring 130 may be disposed within the valve interior and secured
to the valve body 12. A seal carrier 46 is disposed between the seal ring 44 and the valve
body 12, and the seal carrier 46 is removably secured to the anchor ring 130 by a plurality
ot bolts 48 that are disposed in the interior of the valve body 12. A primary leak path 50
exists between the seal ring 44 and the seal carrier 46 and a secondary leak path 52 exists
between the seal carrier 46 and the valve body 12. Both the primary leak path and the
secondary leak path are exposed to fluid pressure within the rotary ball valve 10. A
bellows seal 54 extends between the seal carrier 46 and the seal ring 44 to prevent fluid

flow through the primary leak path 50. Additionally, an auxiliary seal 56 is disposed
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between the seal carrier 46 and the valve body 12, and the auxiliary seal prevents fluid

flow through the secondary leak path.

10032]  As discussed above, the seal ring 44 of the seal assembly 24 is generally annular
in shape and may be machined from a wear-resistant metal, such as Alloy 6 or stainless
steel with Alloy 6 hardfacing, for example. As illustrated in the cross-sectional view of
FIG. 2, the seal ring 44 may be defined laterally by a cylindrical seal inner wall 58 and a
cylindrical seal outer wall 60, and a seal bottom wall 61 may extend from the seal outer
wall 60 to the inner wall 58 in a radial direction. The seal ring 44 may be further detined
by a seal top wall 62 that extends from the seal outer wall 60 towards the inner wall 58,
and the seal top wall 62 may be parallel to and axially oftset from the seal bottom wall 61.
A seal ring protrusion 64 may extend from the seal top wall 62, and the seal ring protrusion
64 may be defined by a cylindrical side protrusion wall 66 that may extend from the seal
top wall 62 in an axial direction (i.c., a direction parallel to the longitudinal axis A). A top
protrusion wall 68 may extend inwardly from the side protrusion wall 66 in a direction
parallel to the scal top wall 62. A bottom protrusion wall 70 may inwardly extend from the
seal inner wall 58 in a radial direction, and a cylindrical inner protrusion wall 72 may
extend from the bottom protrusion wall 70 in an axial direction. A ball engagement
surface 74 may extend between the top protrusion wall 68 and the inner protrusion wall 72,
and the ball engagement surface 74 may be concave in shape. More specifically, the ball
engagement surface 74 may be contoured to mate with a corresponding portion of the
spherical outer surface of the ball element 30 such that when the rotary ball valve 10 is
moved into the closed, or seated, position (shown in FIG. 3), the ball engagement surtace
74 of the seal ring 44 sealingly engages the ball element 30. The ball engagement surface

74 may be hardfaced to enhance seal cycle life and to prevent seat line galling.

(0033] The seal ring 44 may also include an annular spring recess 76 disposed between
the seal inner wall 58 and the seal outer wall 60. The spring recess 76 may axially extend
from the seal bottom wall 61 towards the seal top wall 62, and the spring recess 76 may
have a generally rectangular cross-sectional shape. However, the spring recess 76 may

have any shape or combination of shapes suitable for a particular application. The spring
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recess 76 may be adapted to receive a resilient element, such as the wave spring 78

ilustrated in FIGS. 2 and 3.

[0034]  As illustrated in FIGS. 2 and 3, the seal assembly 24 also includes an annular
seal carrier 46 disposed within the interior of the valve body 12 between the seal ring 44
and the valve bodv 12. The seal carrier 46 may be machined from a corrosion-resistant
metal, such as stainless steel, for example. The secal carrier 46 may have both a stepped
interior profile and a stepped exterior profile. Specifically, the seal carrier 46 may be
laterally defined by a cylindrical carrier outer wall 80 that extends in a generally axial
direction and a cylindrical carrier inner wall 82 that 1s inwardly offset from the carrier
outer wall 80. A cylindrical carrier intermediate wall 84 may be inwardly offset from the
carrier inner wall 82, and a cylindrical carrier lower wall 86 may be inwardly oftset from
the carrier intermediate wall 84. A planar carrier intermediate top wall 88 may radially
extend from the carrier inner wall 82 to the carrier intermediate wall 84, and a planar
carrier lower top wall 90 may radially extend from the carrier intermediate wall 84 to the
carrier lower wall 86. A planar carrier bottom wall 92 may outwardly extend from the
carrier lower wall 86 in a radial direction, and the carrier bottom wall 92 may define a
bottom-most surface of the seal carrier 46. A carrier outer recess 94 may be defined by a
cylindrical recess side wall 96 axially extending from the carrier bottom wall 92 and a
recess top wall 98 radially extending from the carrier outer wall 80 to the recess side wall
96. However, the carrier outer recess 94 may be formed by any number or shape of

surfaces that provide a recess where the carrier bottom wall 92 intersects the carrier outer

wall 80.

[0035] An annular carrier flange 100 may extend in a generally radial direction away
from the carrier outer wall 80, and the carrier flange 100 may be defined by a flange
bottom wall 102 that radially extends away from the carrier outer wall 80. The carrier
flange 100 may be further defined by a flange top wall 104 that may be parallel to and
offset from the flange bottom wall 102. A cylindrical flange outer wall 106 may axially
extend between the flange bottom wall 102 and the flange top wall 104, and a cylindrical
flange inner wall 108 may be radially offset from the flange outer wall 106 and may extend

between the flange top wall 104 and a carrier top wall 109, and the carrier top wall 109
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may radially extend to the carrier inner wall 82. Because the carrier top wall 109 1s
orthogonal to the flange inside wall 108, a carrier inner recess 110 may be formed that 1s
diagonally opposed to the carrier outer recess 94 of the seal carrier 46. A plurality of
flange bores 112 may be symmetrically arrayed around the carrier flange 100. The tlange
bores 112 may axially extend from the tlange top wall 104 to the tlange bottom wall 102.
Each of the flange bores 112 may have a threaded portion, and each of the flange bores 112
may be adapted to receive a threaded captive bolt 48. In addition, a plurality ot carrier
blind bores 114 may be symmetrically arrayed around the seal carrier 46, and each blind
bore 114 may axially extend from the flange top wall 104 towards the carrier bottom wall
02. Each blind bore 114 may have a threaded portion, and each blind bore 114 may be

adapted to receive a cap screw 116.

[0036]  As illustrated in FIGS. 2 and 3, the seal assembly 24 may also include an annular
seal retainer 118 adapted to secure the seal ring 44 within the carrier inner recess 110 of
the seal carrier 46. The seal retainer 118 may be machined from a corrosion-resistant
metal, such as stainless steel, for example. The seal retainer 118 may be laterally defined
by a cylindrical retainer inner wall 120 and a cylindrical retainer outer wall 122 that each
extend in a generally axial direction. A planar retainer top wall 124 and a planar retainer
bottom wall 126 that is parallel to and axially oftset from the retainer top wall 124 may
extend in a generally radial direction and may intersect the retainer inner wall 120 and
retainer outer wall 122 to further define the seal retainer 118, A plurality of retainer bores
128 may be symmetrically arrayed around the seal retainer 118, and each retainer bore 128
may axially extend between the retainer top wall 124 and the retainer bottom wall 126. In
addition, each of the retainer bores 128 may be positioned to axially align with a
corresponding carrier blind bore 114, and a cap screw 116 may be inserted into each of the
retainer bores 128 such that the threaded portion of the cap screw 116 threadedly engages
the threaded portion of the carrier blind bore 114, thereby removably securing the seal

retainer 118 to the seal camer 46.

{00371 The diameter of the cylindrical retainer inner wall 120 of the seal retainer 113
may be greater than the diameter of the cylindrical side protrusion wall 66 of the seal ring

44 and less than the diameter of the cylindrical seal outer wall 60 of the seal ring 44.
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Therefore, when the seal ring 44 is disposed within the carrier inner recess 110 of the seal
carrier 46 and the seal retainer 118 is secured to the seal carrier 46, the retainer bottom wall
126 extends radially inward past the flange inside wall 108 of the seal carrier 46 such that
the cylindrical retainer inner wall 120 is radially disposed between the cylindrical side
protrusion wall 66 and the cylindrical seal outer wall 60 of the seal ring 44 regardless of
the degree of radial shifting of the seal ring 44 within the carrier inner recess 110 of the
seal carrier 46. In addition, when assembled as described above, the axial distance
between the seal top wall 62 and the seal bottom wall 61 is smaller than the axial distance
between the retainer bottom wall 126 of the seal retainer 118 and the carrier top wall 109

of the seal carrier 46.

[0038]  Asillustrated in FIGS. 2 and 3, the seal assembly 24 may also include an annular
anchor ring 130 adapted to be secured to the valve body 12. The anchor ring 130 may be
machined from a corrosion-resistant metal, such as stainless steel, for example. The
anchor ring 130 may be laterally defined by a cylindrical anchor inner wall 132 and a
cylindrical anchor outer wall 134 that each extend in a generally axial direction. A planar
anchor top wall 136 and a planar anchor bottom wall 138 that is parallel to and axially
offset from the anchor top wall 136 may extend in a generally radial direction and may
intersect the anchor inner wall 132 and anchor outer wall 134 to turther define the anchor
ring 130. The anchor ring 130 may be secured to the valve body 12 1n the internal recess
42 of the valve body 12. More specifically, the anchor outer wall 134 may substantially
abut the first cylindrical surface 38a of the internal recess 42, and the anchor bottom watl
138 may substantially abut the first transverse surface 40a of the of the internal recess 42.
In this position, the diameter of the cylindrical anchor inner wall 132 may be shghtly
greater than the diameter of the second cylindrical surface 38b of the internal recess 42.

To secure the anchor ring 130 to the valve body 12, a threaded portion (not shown) ot the
anchor outer wall 134 may threadedly engage a threaded portion (not shown) of the first
cylindrical surface 38a of the valve body 12. Alternatively, one or more welds (not shown)
may secure the anchor ring 130 to the valve body 12, or the anchor ring 130 may be

secured to the valve body 12 by a combination of a threaded engagement and welding.
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(0039] A plurality of anchor bores 140 may be symmetrically arrayed around the anchor
ring 130, and each anchor bore 140 may axially extend from the anchor top wall 136
towards the anchor bottom wall 138. In addition. when the anchor ring 130 1s secured to
the valve body 12, each of the anchor bores 140 may be positioned to axially align with a
corresponding flange bore 112 of the seal carrier 46. So configured, a captive bolt 48 may
be inserted into each of the threaded flange bores 112 and rotated such that the captive bolt
48 advances towards the corresponding anchor bore 140. After extending through a gap
between the flange bottom wall 102 of the seal carrier 46 and the anchor top wall 138 of
the anchor ring 130, the distal end of the captive bolt 48 is then received into an enlarged
diameter portion 142 before threadedly engaging the threaded portion 144 of the anchor
bore 140. During operation, vibrations within the rotary ball valve 10 may cause one or
more of the captive bolts 48 to disengage from the threaded portion 144 of the anchor bore
140. Despite this disengagement, the captive bolt 48 1s prevented from axial displacement
through the flange bore 112 of the seal carrier 46 by the threaded portion of the flange bore
112, thereby preventing the captive bolt 48 from falling out of the anchor bore 140 and into
the interior of the valve body 12.

[0040] Referring again to FIGS. 2 and 3, the anchor ring 130 may be secured to the
valve body 12, and the seal carrier 46 may be secured to the anchor ring 130 by the
plurality of captive bolts 48. In addition, the seal ring 44 may be disposed within the
carrier inner recess 110 of the seal carrier 46, and the seal ring 44 may be secured within
the carrier inner recess 110 by the seal retainer 118 in the manner described above. As
explained above, the axial distance between the seal top wall 62 of the seal ring 44 and the
seal bottom wall 61 is smaller than the axial distance between the retainer bottom wall 126
of the seal retainer 118 and the carrier top wall 109 of the seal carner 46. Accordingly, a
first gap 145 may exist between the seal ring 44 and the seal carrier 46. The first gap 145
between the seal ring 44 and the seal carrier 46 allows the seal ring 44 to be axially
displaced by the ball element 30 towards the inlet portion 18 (and against the biasing force
of the wave spring 78) as the rotary ball valve 10 is moved into the closed position, thereby
ensuring that the seal ring 44 sealingly engages the ball element 30. When the rotary ball
valve 10 is in an open position (i.e., when the ball element 30 1s not in contact with ball

engagement surface 74 of the seal ring 44), as illustrated in FI1G. 2, the wave spring 78
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disposed within the spring recess 76 of the seal ring 44 biases the seal ring 44 towards the
ball element 30. Because the seal retainer 118 1s secured to the seal carrier 46, the axial
distance between the carrier top wall 109 of the seal carrier 46 and the retainer bottom wall
126 is fixed, thereby limiting the axial displacement of the seal ring 44 by the wave spring

78 towards the ball element 30.

[0041] In addition to the first gap 145 described above, an alignment gap 146 may exist
between the seal carrier 46 and the seal ring 44. More specifically, because the diameter of
the cylindrical seal outer wall 60 of the seal ring 44 1s smaller than the diameter of the
cylindrical flange inside wall 108 of the seal carrier 46, the alignment gap 146 may exist
between the surfaces of the seal ring 44 and the seal carrier 46. Due to the alignment gap
146, the seal ring 44 may radially shift relative to the seal carrier 46 when the seal ring 44
is engaged by the ball element 30, thereby allowing the seal ring 44 to radially and axially
self-align to compensate for any ball/seal ring 44 misalignments due to machining

tolerances to improve the seal between the seal ring 44 and the ball element 30.

[0042] Upon the closing of the rotary ball valve 10, the seal bottom wall 61 of the seal
ring 44 may not sealingly engage the carrier top wall 109 of the seal carnier 46, thereby
creating a primary leak path 50 between the seal ring 44 and the seal carrier 46 along the
first gap 145. Because the process fluid flowing through the flowpath 22 1s at a higher
pressure on the inlet portion 18 side of the ball element 30 than on the outlet portion 20
side, the process fluid has a tendency to flow through the primary leak path 50, which may
be in fluid communication with the outlet portion 20 side of the ball element 30. To
prevent process fluid flow through this primary leak path 50, a bellows seal 54 may be
disposed between the seal ring 44 and the seal carrier 46. More specifically, a first end
portion 147 of the bellows seal 54 may be secured to the seal inner wall 38 of the seal ring
44, and a second end portion 148 of the bellows seal 54 may be secured to the carrier
intermediate wall 84 of the seal carrier 46. Because the carrier intermediate wall 84 of the
seal carrier 46 may be axially aligned with the seal inner wall 58 of the seal ring 44, the
bellows seal 54 may extend in a generally axial direction. The first and second end
portions 147, 148 may be secured to the seal ring 44 and the seal carrier 46, respectively,

by a welding process, such as laser welding. Specifically, the weld may extend
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circumterentially along the entire edge of the first and second edge portions 147, 148.
Alternatively, the weld may only extend along portions of the first and second edge
portions 147, 148, or discrete points along the first and second edge portions 147, 148 may
be welded. However, instead of a weld, the bellows seal 54 may be secured to the seal ring
44 and the seal carrier 46 by any means common 1n the art. Because the bellows seal 54 1s
radially tlexible and can be axially compressed due to the sinusoidal bellows portion 150,
the bellows seal 54 does not affect the seal ring’s 44 ability to axially and radially displace

relative to the seal carrier 46.

[0043] Asillustrated in FIGS. 2 and 3, the seal assembly 24 may also include a
cylindrical bellows shroud 152 secured to the seal carrier 46 to protect the bellows seal 54.
The bellows shroud 152 may be defined by an axial inner wall 154 and outer wall 156, and
a top wall 158 and bottom wall 160 that radially extend between the inner and outer wall
154, 156. The bottom wall 160 of the bellows shroud 152 may be radially aligned with the
carrier bottom wall 92 of the seal carrier 46, and the outer wall 156 may be axially aligned
with the carrier lower wall 86 of the seal carrier 46. Additionally, the inner wall 154 may
be axially aligned with a cylindrical inlet wall 162 of the valve body 12. A portion of the
bottom wall 160 of the bellows shroud 152 may be secured to a portion of the carrier
bottom wall 92 of the seal carrier 46 by a welding process, such as laser welding.
Alternatively, the bellows shroud 152 may be secured to the seal carrier 46 by any means
common in the art. When the bellows shroud 152 1s secured to the seal carrier 46, a small
axial gap may exists between the top wall 158 of the bellows shroud 152 and the bottom
protrusion wall 70 of the seal ring 44 when the seal bottom wall 61 of the seal ring 44 1s at
its bottom-most position adjacent to the carrier top wall 109 of the seal carrier 46. As
configured, the seal shroud 152 protects the bellows seal 54 from direct tlow impingement

and streamlines the flow passage adjacent the seal ring 44.

[0044] Asillustrated in FIG. 3, when the ball element 30 1s moved into the closed
position, the ball element 30 contacts the ball engagement surface 74 of the seal nng 44
and displaces the seal ring 44 towards the carrier top wall 109 ot the seal carrier 46. Due
to high fluid pressure in the inlet side 18 of the valve 10, process fluid may enter the gap

between the top wall 158 of the bellows shroud 152 and the bottom protrusion wall 70.



CA 02797946 2012-10-30

WO 2011/137008 PCT/US2011/033303
135

However, because the bellows seal 54 extends between the seal ring 44 and the seal carmer
46, process fluid is prevented from entering the first leak path 50 between the seal ring 44

and the seal carrier 46.

{0045] Referring to FIG. 2 when the seal carrier 46 is secured to the anchor ring 130 by
the plurality of captive bolts 48 in the manner previously described. the cylindrical inner
wall 154 of the bellows shroud 152 may be substantially coextensive with a cylindrical
inlet wall 162 that partially detines the inlet portion 18. Additionally, the diameter of
cylindrical carrier outer wall 80 may be smaller than the anchor inner wall 132, thereby
creating a lateral gap 164 between the seal carrier 46 and the anchor ring 130. Because the
seal carrier 46 is not directly secured to the valve body 12, a second gap 166 may exist
between the second transverse surface 40b of the internal recess 42 of the valve body 12
and both the carrier bottom wall 92 of the seal carrier 46 and the bottom wall 160 ot the
bellows shroud 152. Both the second gap 166 and the lateral gap 164 may be m flud
communication with a portion of the valve interior that is on the outlet portion 20 side of
the seal between the seal ring 44 and the ball element 30 when the rotary ball valve 10 1s 1n
the closed position. Because the process tluid flowing through the flowpath 22 1s at a
higher pressure on the inlet portion 18 side of the ball element 30 than on the outlet portion
20 side, the process fluid has a tendency to tlow into the second gap 166 and through the
fateral gap 164 to the portion of the valve interior that i1s on the outlet portion 20 side of the
seal between the seal ring 44 and the ball element 30 when the rotary ball valve 10 1s in the
closed position. Accordingly, a secondary leak path 52 may exist between the valve body

12 and the seal carrier 46.

[0046] To prevent process fluid flow through the secondary leak path 52, an auxiliary
seal 56. such as the C-seal 168 illustrated in FIGS. 2 and 3, may be disposed in the carrier
outer recess 94 of the seal carrier 46 such that the mouth of the C-seal 168 faces axially
upwards towards the second transverse surface 40b of the valve body 12. As such, the
mouth of the C-seal faces the fluid tlow through the secondary leak path 52. As process
fluid flows into the second gap 166 of the secondary leak path 52, the fluid enters the
carrier outer recess 94 and the mouth of the C-seal 168 disposed within the carrier outer

recess 94. As the relatively high-pressure fluid enters the interior of the C-seal 168
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through the mouth, the C-seal 168 outwardly expands such that an outer surface of the C-
seal 168 sealingly engages the recess side wall 96 and the recess top wall 98 of the carrter
outer recess 94 in addition to sealingly engaging the second cylindrical surface 38b of the
internal recess 42 of the valve body 12, thereby preventing process fluid from flowing
between the seal carrier 46 and the valve body 12 downstream of the C-seal 168 and
sealing the secondary leak path 52. Because the C-seal 168 is stationary relative to the seal

carrier 46 and the valve body 12, the C-seal 168 may be referred to as a static C-seal.

[0047]  As explained previously, when it is desired to remove the seal assembly 24 trom
the valve body 12, it is not necessary to remove the valve body 12 from the pipeline in
which it is mounted. Instead, the valve bonnet 14 may be removed from the valve body 12
by loosening and removing each of the plurality of bonnet bolts 27. With the bonnet 14
removed, the control assembly 16 and the ball element 30 may be removed from the valve
body 12 through the bonnet opening 25. Next, the seal carrier 46 may be removed from
the anchor ring 130. Specifically, a wrench or other appropriate tool may be inserted into
the valve interior through the bonnet opening 25 and each of the captive bolts 48 may be
rotated by the wrench until the threaded portion of each captive bolt 48 threadedly
disengages from both the threaded portion 144 of the anchor bore 140 and the threaded
flange bore 112. The seal carrier 46, with the seal ring 44, seal retainer 118, bellows seal
54, and bellows shroud 152 still attached thereto to form a seal carrier 46 sub-assembly,
may then be extracted from the internal recess 42 of the valve body 12 and removed
through the bonnet opening 25. Once outside of the valve interior, the seal retainer 118
may be decoupled from the seal carrier 46 sub-assembly by removing each ot the cap

screws 116.

(0048] With the seal retainer 118 removed, the seal ring 44 may be removed from the
carrier inner recess [ 10 of the seal carrier 46 and may be displaced away from the seal
carrier 46 to allow the wave spring 78 to be removed and replaced from the seal ring 44. If
necessary, the bellows shroud 152 may be removed from the seal carrier 46, and the
bellows seal 54 may then be removed from the both the seal carrier 46 and seal ring 44.
With the seal retainer 118 removed, the seal ring 44 may be removed from the carrier inner

recess | 10 of the seal carrier 46.
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[0049] To install the seal assembly 24 to the valve body 12, the seal assembly 24 1s first
partially assembled outside of the valve interior. Specifically, a resilient element, such as
the wave spring 78, is placed in the spring recess 76 of the seal ring 44 1n the manner
previously described. The seal ring 44, which is coupled to the seal carrier 46 by the
bellows seal 54, is then positioned in the carrier inner recess 110 of the seal carmer 46, and
the seal retainer 118 is placed over the seal ring 44 such that each retainer bore 128 1s
axially aligned with a corresponding carrier blind bore 114 formed in the seal carmer 46.
Each of the plurality of cap screws 116 is then rotated into threaded engagement with the
corresponding carrier blind bore 114 to secure the seal retainer 118 to the seal carner 46.

A C-seal 168 is then placed within the carrier outer recess 94 of the seal carrier 46. The
seal carrier 46 sub-assembly is then inserted into the valve interior through the bonnet
opening 25, and the seal carrier 46 sub-assembly may be centered within the internal recess
42 of the valve body 12 by aligning the tlange outer wall 106 of the seal carrier 46 with the
first cylindrical surface 38a of the valve body 12. Each of the flange bores 112 of the seal
carrier 46 may then be axially aligned with a corresponding anchor bore 140 of the anchor
ring 130. Each of the captive bolts 48 may then inserted into a corresponding tlange bore
112 from within the valve interior and rotated until the threaded portion of the captive bolt |
48 threadedly engages the threaded portion 144 of the anchor bore 140 of the anchor ring
130. As assembled, the seal ring 44 may not be initially positioned within the carrer inner
recess 110 to ensure a proper seal between the ball engagement surface 74 of the seal rning
44 and a portion of the spherical exterior of the ball element 30. However, due to the selt-
aligning property of the seal ring 44 previously described, the ball element 30 will axially
and radially displace the seal ring 44 within the carrier inner recess 110 as the ball element

30 contacts the ball engagement surface 130 during the closing of the rotary ball valve 10.

[0050] In another embodiment illustrated in FIG. 4, the seal assembly 224 may be
substantially identical to the seal assembly 24 described above. However, in the seal
carrier 246 of the seal assembly 224, the cylindrical carrier outer wall 80 of the seal carner
246 axially extends to the carrier bottom wall 92, and therefore no carrier outer recess 94 1s
formed. Consequently, the second auxiliary seal 56 of the seal assembly 224 1snot a C-
seal 154, but is instead an annular gasket 170 disposed in the secondary leak path 52

between the carrier bottom wall 92 and the second transverse surface 40b of the valve body
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12. To facilitate handling and installation, the gasket 170 may be bonded to the carrier
bottom wall 92 of the seal carrier 246 in any manner that 1s common in the art.
Accordingly, the process of removing or mnstalling the seal assembly 224 1s substantially

identical to the processes described above.

10051]  As described. the seal assemblies 24, 224 eliminate several parts used 1n
conventional sealing assemblies, thereby reducing the cost of the valve. Moreover, the
parts that are used, such as the seal carrier 46, may be easily and cheaply machined. In
addition, the seal carrier 46 sub-assembly may be inserted into the valve interior through
the bonnet opening 25 without removing the valve from the pipeline. Furthermore, as
explained above, the seal ring 44 may axially and radially move relative to the seal carrier
46, allowing the seal ring 44 to self-align to compensate for ball/seal misalignments. In
addition, the bellows seal 54 prevents all fluid flow through the primary leak path 50,
thereby providing complete bi~directional shut-off (i.e., shut-off for flow along the primary
flowpath 22, as described herein, and flow opposite to the primary flowpath 22 that tflows
from the outlet portion 20 to the inlet portion 18). Moreover, the use of the bellows seal 54

may extend the useful temperature capability above valves that rely on elastomeric seals.

[0052] While various embodiments have been described above, this disclosure is not
intended to be limited thereto. Variations can be made to the disclosed embodiments that

are still within the scope of the appended claims.
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What is Claimed:

L. A valve comprising:

a valve body having an inlet, an outlet, and a valve interior in fluid communication
with the inlet and outlet;

a bonnet removably secured to a top portion of the valve body;

a ball element pivotably mounted in the valve interior, an exterior surface of the
ball element defining a portion of a sphere, wherein all points on the exterior surface of the
ball element are not equidistant from a natural pivot point of the ball element;

a seal ring disposed within the valve interior and biased toward the ball element,
wherein the seal ring is adapted to sealingly engage the ball element;

an anchor ring disposed within the valve interior and secured to the valve body;

a seal carrier disposed in the valve interior between the seal ring and the valve
body, the seal carrier being removably secured to the anchor ring by a plurality of bolts
that are disposed within the valve interior and adapted to be inserted and removed from
within the valve interior, wherein a primary leak path exists between the seal ring and the
seal carrier and a secondary leak path exists between the seal carrter and the valve body,
the primary leak path and the secondary leak path being exposed to fluid pressure within
the valve;

a bellows seal disposed between the seal ring and the seal carrier, the bellows seal
preventing fluid flow through the primary leak path; and

an auxiliary seal disposed between the seal carrier and the valve body, the auxiliary
seal preventing fluid flow through the secondary leak path.

2. The valve of claim 1, wherein an alignment gap is formed between the seal ring
and the scal carrier, the alignment gap defining a portion of the primary leak path, the
alignment gap providing a space between the seal carrier and the seal ring that allows the
seal ring to radially move relative to the seal carrier such that the seal ring self-aligns when

the ball element sealingly engages the seal ring.

3. The valve of claim 1, wherein the bellows seal is secured to a portion of the seal

carrier and a portion of the seal ring.
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4. The valve of claim 3, wherein the bellows seal is welded to both a portion of the

seal carrier and a portion of the seal rning.

5. The valve of claim 1, wherein a bellows shroud 1s secured to the seal carrier

such that the bellows seal is disposed between the bellows shroud and the seal carrier.

6. The valve of claim 1, wherein the second auxiliary seal disposed between the

seal carrier and the valve body is a C-seal.

7. The valve of claim 6, wherein a mouth of the C-seal may face a direction of
fluid flow passing through the secondary leak path.
8. The valve of claim 6, wherein the C-seal is disposed in a recess formed in the

seal carrier.

9. The valve of claim 8, wherein the C-seal sealingly engages a portion of the
valve body and a portion of the recess formed in the seal carrter to prevent fluid tlow

through the secondary leak path.

10. The valve of claim 1, wherein the second auxihiary seal disposed between the

seal carrier and the valve body is an annular gasket.

11. The valve of claim 1, wherein a wave spring biases the seal ring towards the

ball element.

12. The valve of claim 11, wherein the wave spring 1s disposed in a recess formed

in the seal ring.

13. The valve of claim 1, wherein the axial displacement of the seal ring away

from the seal carrier is limited by a seal retainer that is coupled to the seal carmer.



CA 02797946 2012-10-30

WO 2011/137008 PCT/US2011/033303
21

14. The valve of claim |, wherein the seal retainer is removably secured to the seal
carrier by a plurality of bolts that are disposed within the valve intertor.

15. The valve of claim 1, wherein each of the plurality of bolts threadedly engages
both a threaded bore formed in a flange portion of the seal carrier and a threaded bore

formed in the anchor ring.

16. A method of installing a seal ring assembly, comprising:
providing a ball valve including a valve body having an inlet, an outlet, a valve
interior in fluid communication with the inlet and outlet, and a bonnet opening adjacent to
a top portion of the valve body;
pivotably mounting a ball element in the valve interior, an exterior surface of the
ball element defining a portion of a sphere, wherein all points on the exterior surface of the
ball element are not equidistant from a natural pivot point of the ball element;
assembling a seal carrier sub-assembly in a location not within the valve interior,
wherein the seal carrier sub-assembly comprises:
a seal carrier having an imner recess;
a seal ring disposed within the inner recess, wherein the seal ring 1s adapted
to sealingly engage the ball element;
a bellows seal secured to both the seal ring and the seal carrier; and
an auxiliary seal coupled to the seal carrier;
inserting the seal carrier sub-assembly into the bonnet opening such that the seal
carrier sub-assembly is disposed within the valve interior;
securing the seal carrier sub-assembly to the valve body such that the betlows seal
prevents fluid from flowing through a primary leak path that exists between the seal ring
and the seal carrier and such that the auxiliary seal prevents fluid from flowing through a
secondary leak path that exists between the seal carrier and the valve body; and

securing a bonnet to the valve body to cover the bonnet opening.

17. The method of claim 16, wherein securing the seal carrier sub-assembly to the
valve body includes inserting a plurality of bolts through a plurality of corresponding

threaded bores formed in the seal carrier, and wherein each of the bolts threadedly engages
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a corresponding threaded bore formed in an anchor ring, the anchor ring being secured to

the valve body within the valve intenor.

18. The method of claim 16, further comprising providing an alignment gap
between the seal ring and seal carrier, the alignment gap defining a portion ot the primary
leak path, the alignment gap providing a space between the seal carrier and the seal ning
that allows the seal ring to radially move relative to the seal carrier such that the seal ring

self-aligns when the ball element sealingly engages the seal ring.

19. The method of claim 16, further comprising limiting the axial displacement of

the seal ring away from the seal carrier by a seal retainer that is coupled to the seal carrier.

20. The method of claim 16, wherein the auxiliary seal is one of a C-seal disposed

in an outer recess of the seal carrier and a gasket secured to a bottom wall of the seal

carrier.
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