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ANTI-ROTATION ASSEMBLIES FOR USE WITH FLUID VALVES

FIELD OF THE DISCLOSURE
[0001] This patent relates generally to fluid valves and, more particularly, to anti-rotation
assemblies for use with fluid valves.
BACKGROUND
[0002] Process control systems use a variety of field devices to control and/or monitor
process parameters. Field devices, such as fluid control valves, control the flow of fluid
through a passageway of a valve. A control valve typically employs an actuator to move a
flow control member relative to an orifice of the valve to allow fluid flow through the
passageway of the valve and to restrict or prevent fluid flow through the passageway of the
valve. The actuator is operatively coupled to the flow control member via a valve stem.
[0003] Some process control devices often include seals to prevent fluid leakage. For
example, some known fluid valves employ a bellows-type seal to prevent fluid leakage to the
environment along the valve stem. However, the seals (e.g., bellows seals) are often
subjected to stresses during operation that can significantly reduce the operating life of the
seal. For example, fluid flowing through the passageway of the valve body may impart
torsion loads to a bellows-type seal. Such torsion loads may significantly reduce the cycle
life of the bellows-type seal.
SUMMARY
[0004] An example anti-rotation assembly includes an anti-rotation retainer to couple to
a flow control member of a valve and an anti-rotator to engage the anti-rotation retainer. The
anti-rotator prevents rotation of the anti-rotation retainer relative to a longitudinal axis of the
anti-rotation retainer when the anti-rotation retainer is disposed in the valve.
[0005] Another example anti-rotation assembly includes an anti-rotation retainer having
an opening to receive at least a portion of a balanced valve plug and an outer surface defining
a first engaging surface. An anti-rotator has a central opening defining an inner surface
where the inner surface has a second engaging surface. The first engaging surface is
complementary to the second engaging surface such that the first engaging surface engages
the second engaging surface when the anti-rotation retainer is coupled to the anti-rotator to

prevent rotation of the anti-rotation retainer relative to the anti-rotator.
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BRIEF DESCRIPTION OF THE DRAWINGS
[00006] FIG. 1 is a cross-sectional view of a known fluid valve.
[0007] FIG. 2 is a cross-sectional view of an anti-rotation retainer assembly that may be
used with the fluid valve of FIG. 1.
[0008] FIG. 3A is a cross-sectional, perspective view of the example anti-rotation
assembly of FIG. 2.
[0009] FIG. 3B is a plan view of the example anti-rotation assembly of FIGS. 2 and 3A.

DETAILED DESCRIPTION

[0010] Example anti-rotation assemblies disclosed herein significantly reduce or prevent
twisting rotation of a valve stem and/or a flow control member relative to a valve body of a
fluid valve. As a result, the anti-rotation assemblies disclosed herein may be used to prevent
or significantly reduce torsional loads imparted to a bellows-type seal. For example, the anti-
rotation assemblies disclosed herein significantly prevent a process fluid (e.g., a relatively
high pressure process fluid) flowing through a passageway of a valve from twisting or turning
a flow control member and/or a valve stem relative to a longitudinal axis of the flow control
member when the flow control member is positioned away from a valve seat of the fluid
valve. Limiting rotation of the valve stem and/or the flow control member significantly
extends an operating life of a bellows-type seal.
[0011] Additionally or alternatively, the example anti-rotation assemblies disclosed
herein enable use of a balanced flow control member. In particular, the anti-rotation
assemblies disclosed herein define a seal gland to receive a seal that prevents fluid flow or
leakage between the flow control member and a cage and/or a valve body when the flow
control member is in a closed position. A balanced flow control member requires less thrust
to move between an open position and a closed position. As a result, a relatively smaller
actuator may be employed.
[0012] An example anti-rotation assembly disclosed herein includes an anti-rotation
retainer and an anti-rotator. The anti-rotation retainer is coupled (e.g., fixed) to a flow
control member. The anti-rotation retainer includes an opening to receive at least a portion of
a flow control member or valve plug (e.g., a balanced valve plug) and an outer surface
defining a first engaging surface or keyed portion. Also, at least a portion of the anti-rotator
also includes an engaging surface or keyed portion. The engaging surface or keyed portion of

the anti-rotator is complementary to the engaging surface or keyed portion of the anti-rotation
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retainer to provide a substantially tight fit connection between the anti-rotator and the anti-
rotation retainer when the anti-rotator is coupled to the anti-rotation retainer.

[0013] When coupled to a fluid valve, the anti-rotator engages the anti-rotation retainer
to prevent the anti-rotation retainer and, thus, the flow control member from rotating or
twisting relative to a longitudinal axis of the anti-rotation retainer and/or the flow control
member. In some examples, the engaging surface of the anti-rotation retainer may be formed
along a portion of an outer surface of the anti-rotation retainer and the engaging surface of the
anti-rotator may be formed along a portion of an inner surface of the anti-rotator. The
respective engaging surfaces of the anti-rotator and the anti-rotation retainer may be one or
more substantially flat-shaped or straight surfaces.

[0014] Before discussing an example anti-rotation assembly disclosed herein, a brief
description of a known fluid valve 100 is provided in FIG. 1. The fluid valve 100 of FIG. 1
includes a valve body 102 defining a fluid flow passageway 104 between an inlet 106 and an
outlet 108. A flow control assembly 110 controls fluid flow through the passageway 104. As
shown in FIG. 1, the flow control assembly 110 includes a valve plug 112, a cage 114, a
valve stem 116, an anti-rotator 118, and a bellows seal flange 120.

[0015] The valve plug 112 is operatively coupled to the valve stem 116 and moves in a
first direction away from a valve seat 122 to allow fluid flow through the passageway 104
and moves in a second direction toward the valve seat 122 to restrict or prevent fluid flow
through the passageway 104. The valve plug 112 of FIG. 1 is an unbalanced valve plug.
Thus, a relatively large actuator may be required to move the valve plug 112 to a closed
position and/or provide sufficient thrust to the valve plug 112 to provide a relatively tight seal
when valve plug 112 sealingly engages the valve seat 122 in a closed position. A bonnet
extension 124 couples the valve body 102 to a bonnet 126, which couples the valve body 102
to an actuator (not shown).

[0016] In FIG. 1, the bonnet extension 124 includes an aperture 128 to slidably receive
the valve stem 116. In addition, a bellows seal 130 is disposed within the aperture 128 of the
bonnet extension 124 to prevent fluid in a chamber 132 of the valve body 102 from leaking to
the environment along the valve stem 116. As shown, the bellows seal 130 has a first end
134a coupled to the bellows seal flange 120 and a second end 134b coupled to an upper
portion or connector 136 of a bellows tubing 130a. The connector 136 is coupled to the

bellows tubing 130a via, for example, welding, and includes a central aperture to slidably
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receive the valve stem 116. The bellows tubing 130a is coupled to the bellows flange 120
via, for example, welding.

[0017] In operation, an actuator (not shown) moves the valve plug 112 relative to the
valve seat 122 in a rectilinear motion along a longitudinal axis 140 to control the fluid flow
through the passageway 104. In addition, the bellows seal 130 compresses and expands
axially in a direction along the longitudinal axis 140 when the valve stem 116 moves between
a first position at which the valve plug 112 sealingly engages the valve seat 122 and a second
position at which the valve plug 112 is away from the valve seat 122 (e.g., an open position).
Thus, during each operational cycle, the bellows seal 130 is subjected to a load (e.g., an axial
load) and, thus, a stress which affects the cycle-life and/or useful life of the bellows seal 130.
[0018] The bellows seal 130 has one or more convolutions 142 that axially compress or
expand along the longitudinal axis 140 depending upon the movement of valve stem 116. To
form the convolutions 142, the bellows seal 130 is formed or stamped from rolling a flat
sheet or foil into a tube which is then longitudinally fusion welded. Alternatively, the seal
130 may be formed by welding washer-like plates of thin metal together at both the inner and
outer circumference of the washers. The welded portions of the convolutions are susceptible
to damage when torsional loads (e.g., relatively large torsional loads or forces) are imparted
to the bellows seal 130. In some examples, the torsional loads may cause the bellows seal
130 to fail prior to a rated cycle-life of the bellows seal 130 (e.g., an operating life of a
bellows seal that is not subjected to torsional loads).

[0019] For example, during operation, a relatively high pressure process fluid may
impart a torsional load on the valve plug 112 when the valve plug 112 is away from the valve
seat 122. Because the valve stem 116 is fixedly coupled to the valve plug 112 at the first end
134a, the torsion load imparted to the valve plug 112 causes the valve stem 116 to twist or
turn relative to the longitudinal axis 140. In turn, the first end 134a between the bellows seal
130 and the valve stem 116 causes the bellows seal 130 to experience a torsional load.
During operation, the anti-rotator 118 reduces rotational movement of the valve plug 112
relative to the longitudinal axis 140, which reduces such twisting of the bellows seal 130.
However, as noted above, the valve plug 112 is an unbalanced valve plug. Employing a
balanced valve plug in combination with the anti-rotator 118 of FIG. 1 may affect (e.g.,

reduce) a shut-off classification of the fluid valve 100 because fluid leakage may occur
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between the cage 114 and the valve plug 112 when the valve plug 112 is sealingly engaged
with the valve seat 122 (e.g., in a closed position).

[0020] FIG. 2 is a cross-sectional view of an example fluid valve 200 having a flow
control assembly 202 that includes an example anti-rotation assembly 204 in accordance with
the teachings disclosed herein. For example, the flow control assembly 202 and/or the anti-
rotation assembly 204 may replace the flow control assembly 110 of FIG. 1 and/or may
retrofit a fluid valve in the field such as, for example, the fluid valve 100 of FIG. 1.

[0021] Referring to FIG. 2, the fluid valve 200 includes a valve body 206 defining a fluid
flow passageway 208 between an inlet 210 and an outlet 212. The flow control assembly 202
is disposed within the passageway 208 to control fluid flow through the passageway 208
between the inlet 210 and the outlet 212. The flow control assembly 202 of FIG. 2 includes a
flow control member 214 (e.g., a valve plug), a cage 216 and the anti-rotation assembly 204.
More specifically, the cage 216 includes an opening 218 to slidably receive at least a portion
of the flow control member 214 and is disposed between the inlet 210 and the outlet 212 to
impart certain flow characteristics to the fluid flowing through the passageway 208 (e.g., to
control capacity, reduce noise, reduce cavitation, etc.).

[0022] As shown in FIG. 2, the flow control member 214 includes a sealing surface 220
that engages a valve seat 222 integrally formed with the cage 216 when the flow control
member 214 sealingly engages the valve seat 222 (e.g., a closed position). Thus, the flow
rate permitted through the fluid valve 200 is controlled by the position of the flow control
member 214 relative to the valve seat 222.

[0023] The flow control member 214 is a balanced flow control member and includes a
central opening 224 to receive (e.g., threadably receive) a valve stem 226. To further prevent
rotation of the flow control member 214 relative to the valve stem 226, the flow control
member 214 includes an opening 228 to receive a fastener or pin (not shown). To balance the
flow control member 214, a plurality of through passageways 232 is formed between an
upper surface 234 and a lower surface 236 of the flow control member 214. Each of the
passageways 232 includes an axis 232a that is substantially parallel to a longitudinal axis 230
of the flow control member 214 and enables fluid flow between the lower and upper surfaces
234 and 236 of the flow control member 214. As a result of the balanced flow control
member 214 and in contrast to the fluid valve 100 of FIG. 1, a relatively smaller actuator

providing less thrust may be employed to move the flow control member 214 between an
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open position and a closed position and/or to move the flow control member 214 into sealing
engagement with the valve seat 222 to prevent or restrict fluid flow through the passageway
208. The fluid valve 200 of FIG. 2 also includes a bellows seal 238 that surrounds the valve
stem 226 to prevent leakage of process fluid to the environment along the valve stem 226.
[0024] The anti-rotation assembly 204 is disposed in the passageway 208 of the valve
body 206. The example anti-rotation assembly 204 includes an anti-rotation retainer, insert
or guide 240 and an anti-rotator 242. The anti-rotation retainer 240 of FIG. 2 is at least
partially disposed in the opening 218 of the cage 216 and the anti-rotator 242 is disposed or
captured between the cage 216 and a bellows seal flange 244. In other examples, the cage
216 may be omitted such that the anti-rotator 242 is disposed or captured between the
bellows seal flange 244 and the valve body 206. The bellows seal 238 is coupled to the valve
stem 226 at a first end and is coupled to a connector such as, for example, the connector 136
of FIG. 1 at a second end of the bellows seal 238 opposite the first end. The anti-rotation
assembly 204 prevents or significantly reduces torsional loads from being imparted to the
bellows seal 238.

[0025] The anti-rotation retainer 240 of the illustrated example includes a first portion or
body 246 (e.g., a cylindrical body) and a second portion or flange 248. The body 246 defines
a first outer surface portion 250 of the anti-rotation retainer 240 and the flange 248 defines a
second outer surface portion 252 of the anti-rotation retainer 240. As shown in FIG. 2, a
diameter or size of the flange 248 is greater than a diameter of the body 246. More
specifically, the body 246 is at least partially disposed in the opening 218 of the cage 216
and/or slides relative to an inner surface 254 of the opening 218 of cage 216.

[0026] As shown in FIG. 2, an end or edge 256 of the body 246 of the anti-rotation
retainer 240, the cage 216 and the flow control member 214 define a gland or cavity 258 to
receive a seal 260 (e.g., a C-seal) that prevents fluid leakage between the anti-rotation
retainer 240 and the cage 216 when the flow control member 214 is in sealing engagement
with the valve seat 222. In other examples, however, the body 246 of the anti-rotation
retainer 240 and/or the flange 248 may include a groove or channel (e.g., an annular gland) to
receive the seal 260. Additionally or alternatively, the outer surface portion 250 defined by
the body 246 of the anti-rotation retainer 240 includes an annular gland 262 to receive a
piston ring 264 (e.g., a carbon-graphite piston ring) to help maintain alignment of the anti-

rotation retainer 240 relative to the cage 216 and/or helps to provide a seal between the anti-
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rotation retainer 240 and the cage 216. In some examples, the annular gland 262 may receive
a seal (e.g., a C-seal).

[0027] FIG. 3A is a cross-sectional perspective view of the anti-rotation assembly 204 of
FIG. 2. FIG. 3B is a plan view of the anti-rotation retainer 240 coupled to the flow control
member 214. Referring to FIGS. 3A and 3B, the anti-rotation retainer 240 is a cylindrical
body 302 having a central opening 304 that is sized or configured to receive at least a portion
306 (e.g., a stem portion) of the flow control member 214. In addition, the flow control
member 214 is fixedly coupled to the anti-rotation retainer 240. As shown in FIG. 3, the anti-
rotation retainer 240 includes one or more openings 308 that align with respective openings
310 of the flow control member 214. An opening 308a of the anti-rotation retainer 240 and
an opening 310a of the flow control member 214 receive a pin 312 to couple (e.g., fixedly
couple) the anti-rotation retainer 240 and the flow control member 214 such that the flow
control member 214 cannot move (e.g., rotate or slide) relative to the anti-rotation retainer
240. The openings 308 of the anti-rotation retainer 240 are formed between an inner surface
314 of the body 246 and an annular surface 316 that is formed or defined by the annular
gland 262 of the body 246. In this example, the openings 308 and 310 include respective
axes 318 that are substantially perpendicular to the longitudinal axis 230. In other examples,
however, the respective axes 318 of the openings 308 and 310 may be at any angle and/or
non-parallel orientation relative to the longitudinal axis 230. Thus, the valve stem 226, the
flow control member 214 and the anti-rotation retainer 240 are fixedly coupled to function as
a unitary unit or assembly.

[0028] In the illustrated example, the anti-rotation retainer 240 defines an engaging
surface or keyed portion 320 of the anti-rotation retainer 240. The engaging surface or keyed
portion 320 is formed along at least a portion of the outer surfaces 250 and/or 252 of the anti-
rotation retainer 240. In particular, the engaging surface 320 as shown in FIG. 3 is disposed
or formed in proximity to or adjacent an outer peripheral edge of the flange 248. More
specifically, the engaging surface 320 of the illustrated example includes one or more
substantially flat-shaped or straight portions or surfaces 324. As most clearly shown in FIG.
3B, the substantially flat-shaped portions 324 are disposed between arcuate or curved
surfaces 326 of the anti-rotation retainer 240 or the flange 248. For example, the anti-rotation
retainer 240 may be formed as a cylindrical body and the substantially flat-shaped portions

324 may be formed subsequently via, for example, machining.
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[0029] The anti-rotator 242 is a cylindrical body 330 having a central opening 332. In
particular, the central opening 332 defines an inner surface 334 having at least a stepped
portion 336. Similar to the anti-rotation retainer 240, the anti-rotator 242 includes an
engaging surface or keyed portion 338. More specifically, engaging surface 338 is formed
along at least a portion of the inner surface 334 of the anti-rotator 242. In the illustrated
example, the engaging surface 338 of the anti-rotator 242 includes one or more substantially
flat-shaped or straight surfaces or portions 340. As shown in FIG. 3A, the one or more
substantially flat-shaped portions 340 of the anti-rotator includes a wall or projection 342
formed on the inner surface 334 that projects toward the longitudinal axis 230 where the wall
342 defines the substantially flat-shaped portion 340. In this example, the anti-rotator 242
includes two substantially flat-shaped portions 340a and 340b radially spaced approximately
180 degrees relative to the longitudinal axis 230. However, in other examples, the anti-
rotator 242 may include only one substantially flat-shaped portion 340 or engaging surface
338 and/or more than two flat-shaped portions 340 or engaging surfaces 338 disposed on the
inner surface 334 of the anti-rotator 242. As shown, the engaging surfaces 338 and/or walls
342 are formed between arcuate or curved surfaces 344 of the inner surface 334 of the anti-
rotator 242.

[0030] The engaging surface 320 of the anti-rotation retainer 240 engages or contacts
(e.g., directly contacts) the engaging surface 338 of the anti-rotator 242. In the illustrated
example, both the substantially flat-shaped surfaces 324 and 340 of the respective anti-
rotation retainer 240 and the anti-rotator 242 have faces or planes that are substantially
parallel to the longitudinal axis 230. In addition, the anti-rotation retainer 240 can slide
relative to the anti-rotator 242 when the flow control member 214 moves relative to the valve
seat 222 between the open position and the closed position. In other examples, the engaging
surfaces 320 and 338 of the respective anti-rotation retainer 240 and the anti-rotator 242 may
have different shapes or configurations other than the substantially flat-shaped surfaces 324
and 340 described in FIGS. 3 and 4. For example, the wall 342 may include a track and/or a
slot that engages or slides relative to a complementary slot and/or track formed on the flange
248 of the anti-rotation retainer 240 (e.g., a tongue-and-groove connection). In yet other
examples, the engaging surface 320 of the anti-rotation retainer 240 and the engaging surface

338 of the anti-rotator 242 may be a splined connection. For example, the engaging surfaces
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320 and 338 may include splines that extend along an entire circumference or perimeter of
the anti-rotation retainer 240 and the anti-rotator 242.

[0031] In operation, when coupled to the anti-rotation retainer 240, the anti-rotator 242
prevents rotation of the anti-rotation retainer 242 and, thus, the flow control member 214
relative to the longitudinal axis 230 (i.e., the anti-rotation retainer 240 and/or the cage 216).
In particular, the engaging surface 320 of the anti-rotation retainer 240 is complementary to
the engaging surface 338 of the anti-rotator 242 to provide a substantially tight fit connection
between the anti-rotator 242 and the anti-rotation retainer 240. More specifically, the
substantially flat-shaped portions 324 and 340 of the respective anti-rotation retainer 240 and
the anti-rotator 242 engage to prevent rotation of the anti-rotation retainer 240 relative to the
longitudinal axis 230 when the anti-rotation retainer 240 is disposed within the fluid valve
200. Thus, the flow control member 214, via the anti-rotation assembly 204, prevents
twisting or torsional loads applied to the flow control member 214 from being conveyed to
the bellows seal 238, thereby increasing the operating life of the bellows seal 238.

[0032] Although certain example methods, apparatus and articles of manufacture have
been described herein, the scope of coverage of this patent is not limited thereto. On the
contrary, this patent covers all methods, apparatus and articles of manufacture fairly falling

within the scope of the appended claims either literally or under the doctrine of equivalents.
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What is claimed:

1. An anti-rotation assembly comprising:
an anti-rotation retainer to couple to a flow control member of a valve; and
an anti-rotator to engage the anti-rotation retainer, the anti-rotator to prevent
rotation of the anti-rotation retainer relative to a longitudinal axis of the anti-rotation
retainer when the anti-rotation retainer is disposed in the valve.

2. An anti-rotation assembly of claim 1, wherein the anti-rotator comprises a first
engaging surface to engage a second engaging surface of the anti-rotation retainer.

3. An anti-rotation assembly of any of the preceding claims, wherein the first
engaging surface of the anti-rotator is complementary to the second engaging surface of the
anti-rotation retainer.

4. An anti-rotation assembly of any of the preceding claims, wherein the first
engaging surface is formed along at least a portion of an inner surface of the anti-rotator and
the second engaging surface is formed along at least a portion of an outer surface of the anti-
rotation retainer.

5. An anti-rotation assembly of any of the preceding claims, wherein the first
engaging surface and the second engaging surface each comprises one or more substantially
flat-shaped portions.

6. An anti-rotation assembly of any of the preceding claims, wherein the anti-
rotator comprises a cylindrical body having a central opening to define the inner surface, the
inner surface having the one or more substantially flat-shaped portions.

7. An anti-rotation assembly of any of the preceding claims, wherein at least one
of the substantially flat-shaped portions of the anti-rotator comprises a wall projecting toward
the longitudinal axis, the wall defining the substantially flat-shaped portions.

8. An anti-rotation assembly of any of the preceding claims, wherein the anti-
rotator comprises two substantially flat-shaped portions radially spaced approximately 180
degrees relative to the longitudinal axis.

0. An anti-rotation assembly of any of the preceding claims, wherein the one or
more substantially flat-shaped surfaces of the anti-rotation retainer are disposed between

arcuate surfaces.
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10. An anti-rotation assembly of any of the preceding claims, wherein the anti-
rotation retainer comprises a cylindrical body and a flange, the flange defining the second
engaging surface and the body defining an outer surface portion adjacent the flange.

11. An anti-rotation assembly of any of the preceding claims, wherein the second
engaging surface of the anti-rotation retainer has a diameter that is greater than a diameter of
the outer surface portion.

12. An anti-rotation assembly of any of the preceding claims, wherein the anti-
rotation retainer comprises a central opening to receive at least a portion of the flow control
member.

13. An anti-rotation assembly of any of the preceding claims, further comprising a
cage, the cage having an opening to slidably receive at least a portion of the anti-rotation
retainer and the flow control member.

14. An anti-rotation assembly of any of the preceding claims, further comprising a
seal, wherein the anti-rotation retainer is to retain the seal in the valve.

15. An anti-rotation assembly of any of the preceding claims, wherein the seal is
disposed between an edge of the anti-rotation retainer, the flow control member and the cage.

16. An anti-rotation assembly comprising:

an anti-rotation retainer having an opening to receive at least a portion of a balanced
valve plug and an outer surface defining a first engaging surface; and

an anti-rotator having a central opening defining an inner surface, the inner surface
having a second engaging surface, the first engaging surface being complementary to the
second engaging surface, the first engaging surface to engage the second engaging surface
when the anti-rotation retainer is coupled to the anti-rotator to prevent rotation of the anti-
rotation retainer relative to the anti-rotator.

17. An anti-rotation assembly of claim 16, wherein the first engaging surface
comprises one or more substantially flat-shaped surfaces disposed along a portion of the outer
surface of the anti-rotation retainer and the second engaging surface comprises one or more
substantially flat-shaped surfaces formed along a portion of the inner surface of the anti-
rotator.

18. An anti-rotation assembly of any of the preceding claims, further comprising
the balanced valve plug, the balanced valve plug coupled to the anti-rotation retainer via a pin

such that rectilinear movement of the balanced valve plug relative to a longitudinal axis of
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the anti-rotation retainer causes the anti-rotation retainer to move with the balanced valve
plug.

19. An anti-rotation assembly of any of the preceding claims, further comprising a
cage having a central opening to slidably receive at least a portion anti-rotation retainer and
the balanced valve plug.

20. An anti-rotation assembly comprising:

means for retaining a flow control member of a valve, the means for retaining to be
disposed in a valve, the means for retaining having first means for engaging; and

means for preventing rotation of the means for retaining, the means for retaining
having second means for engaging, the first means for engaging to engage the second means
for engaging to prevent rotation of the means for retaining relative to the means for

preventing rotation relative to a longitudinal axis of the means for retaining.
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