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FIG. 1

(57) Abstract: A choke valve system includes a choke valve (14) having a body (20) and an annular seat (34) disposed within the
body. The choke valve also includes a plug (30) contigured to move relative to the annular seat between an open position (46) in
which a fluid is enabled to flow through the choke valve and a closed position (100) in which the fluid is blocked from flowing
through the choke valve and in which the plug contacts an annular seating surface of the annular seat. The choke valve further in-
cludes a damper (32) coupled to the plug, and the damper is contigured to absorb a load generated by contact between the plug and
the annular seating surface of the annular seat as the plug moves into the closed position.



WO 2017/040862 PCT/US2016/050009

VALVE SYSTEM HAVING A SOFT LANDING PLUG

BACKGROUND

[0001] This section is intended to introduce the reader to various aspects of
art that may be related to various aspects of the present invention, which are
described and/or claimed below. This discussion is believed to be helpful in
providing the reader with background information to facilitate a better
understanding of the various aspects of the present invention. Accordingly, it
should be understood that these statements are to be read in this light, and not

as admissions of prior art.

[0002] In certain fluid-handling systems, such as mineral extraction systems,
a variety of flow control devices are used to control a flow rate, a pressure, and
other parameters of a fluid flow. For example, in mineral extraction systems,
choke valves may be utilized to regulate the flow of production fluid (e.g., oil, gas,
and water) from a well. These valves may include a choke body with a movable
valve member (e.g., a plug) disposed therein. An actuator drives the movable
valve member over an opening of the choke body through which the fluid flows.
By shifting the position of the movable valve member relative to the opening, the
size of the opening may be increased or decreased, and the flow rate of the fluid
may be adjusted. The construction of the choke valve can significantly impact
wear on the movable valve member and/or other components of the choke valve.

Therefore, it would be desirable to improve the construction of the choke valve.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Various features, aspects, and advantages of the present invention will
become better understood when the following detailed description is read with
reference to the accompanying figures in which like characters represent like

parts throughout the figures, wherein:

[0004] FIG. 1 is a schematic of a fluid-handling system including a choke

valve, in accordance with an embodiment of the present disclosure;
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[0005] FIG. 2 is a cross-sectional side view of a portion of the choke valve of
FIG. 1, illustrating a spring-loaded plug in an open position within a choke body
of the choke valve, in accordance with an embodiment of the present disclosure;

and

[0006] FIG. 3 is a cross-sectional side view of a portion of the choke valve of
FIG. 1, illustrating the spring-loaded plug in a closed position within the choke
body of the choke valve, in accordance with an embodiment of the present

disclosure.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

[0007] One or more specific embodiments of the present invention will be
described below. These described embodiments are only exemplary of the
present invention. Additionally, in an effort to provide a concise description of
these exemplary embodiments, all features of an actual implementation may not
be described in the specification. It should be appreciated that in the
development of any such actual implementation, as in any engineering or design
project, numerous implementation-specific decisions must be made to achieve
the developers’ specific goals, such as compliance with system-related and
business-related constraints, which may vary from one implementation to another.
Moreover, it should be appreciated that such a development effort might be
complex and time consuming, but would nevertheless be a routine undertaking of
design, fabrication, and manufacture for those of ordinary skill having the benefit

of this disclosure.

[0008] When introducing elements of various embodiments, the articles “a,”

13

an,” “the,” “said,” and the like, are intended to mean that there are one or more

of the elements. The terms “comprising,” “including,” “having,” and the like are
intended to be inclusive and mean that there may be additional elements other

” o

than the listed elements. The use of “top,” “bottom,” “above,” “below,” and
variations of these terms is made for convenience, but does not require any

particular orientation of the components relative to some fixed reference, such as
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the direction of gravity. The term “fluid” encompasses liquids, gases, vapors, and

combinations thereof.

[0009] Embodiments of the present disclosure are directed toward fluid-
handling systems, such as a fluid-handling system for a mineral extraction
system. The systems include a choke valve having a choke body and a choke
trim configured to be disposed within the choke body. In the disclosed
embodiments, the choke valve may include a shock absorption system (e.g.,
damping system). The shock absorption system may include one or more shock
absorbers or dampers, such as mechanical dampers, material dampers, fluid
dampers, or any combination thereof. Mechanical dampers may include one or
more springs, such as stacked tapered annular washers, concentric coil springs,
or the like. Material dampers may include resilient or elastic material, such as
elastomer, rubber, or the like. Fluid dampers may include fluid compression
chambers. The disclosed shock absorption system may include 1, 2, 3, 4, 5,6, 7,
8, 9, 10, or more dampers of similar or different construction, compressibility, or

spring force, for example.

[0010] To facilitate discussion, the illustrated embodiments include one or
more springs positioned between a plug and a shaft of the choke trim. However,
it should be understood that any suitable damper, such as those noted above,
may be provided in addition to or in place of the springs (e.g., between the plug
and the shaft). An actuator may drive the choke trim, or a portion of the choke
trim, relative to an opening of the choke body through which the fluid flows. The
choke trim may be driven between an open position in which fluid flows through
the opening and a closed position in which fluid is blocked from flowing through
the opening to adjust a flow rate of the fluid. In the open position, the plug does
not contact an annular seating surface that is disposed within the choke body. In
the closed position, the plug contacts the annular seating surface of an annular
seat that is disposed within the choke body, which may reduce the flow rate of
the fluid to zero or near-zero. In the disclosed embodiments, the spring may
absorb and dampen a load generated by moving the plug into the closed position

against the annular seating surface of the annular seat (e.g., the load generated
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by “seating” the plug). Thus, the spring may enable seating of the plug with a
controlled load and/or may reduce internal stresses within components (e.g., the
seat and the plug) of the choke valve, thereby protecting such components of the
choke valve from heavy loads and fractures and reducing wear on the
components, for example Advantageously, the spring may enable the actuator to
drive the plug into a seated position with a relatively low load, thereby reducing a
risk of the plug becoming jammed (e.g., wedged) in the seat and enabling
removal of the plug from the seat by the actuator without breaking the plug, for

example.

[0011] FIG. 1 illustrates an embodiment of a fluid-handling system 10. The
fluid-handling system 10 may be part of an energy-acquisition or processing
system, e.g., a hydrocarbon-production or processing system, such as a subsea
or surface oil or gas well. In some embodiments, the fluid-handling system 10
may be a gas-uplift system, a water-injection system, a water/steam/chemicals
injection system, or other system for conveying fluids. The fluid-handling system
10 includes a fluid source 12, a choke valve 14, and a fluid destination 16. The
fluid source 12 may include a variety of fluid sources, such as an oil or natural
gas well. The fluid source 12 may supply a variety of fluids, such as air, natural
gas, oil, water (steam or liquid), or combinations thereof. The fluid arriving from
the source 12 may be at relatively high pressures, e.g., pressures greater than
500 psi, 1000 psi, 5000 psi, 10,000 psi, 15,000 psi, 20,000 psi, 25,000 psi, or
30,000 psi. Additionally, the pressure of the fluid arriving from the source 12 may

be higher than the pressure of the fluid destination 16.

[0012] The choke valve 14 includes an inlet 18, a choke body 20 (e.g., a
production choke body and/or a universal choke body), a choke trim 22 disposed
within the choke body 20, an actuator 24, and a fluid outlet 26. The actuator 24
may modulate flow between the inlet 18 and the outlet 26 by adjusting the
position of the choke trim 22 or a component of the choke trim 22 relative to the
choke body 20. For example, the actuator 24 may be a manual actuator (e.g., a
wheel), an electro-mechanical actuator (e.g., an electric drive or motor), a

hydraulic actuator (e.g., a fluid driven actuator), or other suitable type of actuator.
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To adjust the position of the choke trim 22 or a component of the choke trim 22,
the actuator 24 may exert a translational force on a shaft 28 coupled to the

actuator 24 and the choke trim 22 or the component of the choke trim 22.

[0013] As mentioned above, the choke trim 22 may include a spring-loaded
plug 30. In some such embodiments, one or more springs 32 may be disposed
between the plug 30 and the shaft 28. The spring 32 may be any suitable
biasing member, such as a series (e.g., stack) of tapered annular washers (e.g.,
Bellville washers), one or more coil springs (e.g., stacked or concentric springs),
an elastic material (e.g., a ring made of rubber or elastomer), or any combination
thereof. As discussed in more detail below, during movement of the choke trim
22 to a closed position in which the plug 30 is fully seated within a seat 34 (e.g.,
an annular seat), the spring 32 may advantageously reduce a load applied by the
plug 30 to the seat 34, thereby reducing wear on certain components of the

choke valve 14.

[0014] FIG. 2 is a cross-sectional side view of a portion of an embodiment of
the choke valve 14, illustrating the plug 30 in an open position 46 within the
choke body 20 of the choke valve 14. In the open position 46, the plug 30 does
not cover the inlet 18, thereby enabling fluid to flow between the inlet 18 and the
outlet 26 of the choke valve 14. As shown, in the open position 46, the plug 30
does not contact an annular seating surface 48 of the annular seat 34. While the
annular seating surface 48 shown in FIG. 2 is generally perpendicular to the
outlet axis 58 of the choke valve 14, it should be understood that the annular
seating surface 48 may have any suitable shape or configuration. For example,
the annular seating surface 48 may be angled relative to the outlet axis 58 (e.g.,
tapered between a radially outer edge and a radially inner edge of the annular

seating surface 48 in a direction parallel to the outlet axis 58).

[0015] In the illustrated embodiment, the actuator 24 is a manual actuator that
includes a wheel 50, a threaded bushing 54, and an upper stem 56 of the shaft
28. Each of these components 50, 54, and 56 may be generally coaxial with an

axial axis 58 (e.g., outlet axis) of the choke valve 14. The wheel 50 is configured
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to rotate about the outlet axis 58, thereby driving engagement of the threaded
bushing 54 and axially pushing or pulling the upper stem 56. The upper stem 56
may couple to the choke trim 22 and move the choke trim 22 as the wheel 50 is
rotated. In some embodiments, the upper stem 56 may be coupled to the choke
trim 22 via a lower stem 60, which is supported by a bonnet 62 coupled to the
choke body 20. Rotational motion of the wheel 50 is transferred to the lower
stem 60 via the upper stem 56. In certain embodiments, the lower stem 60 may
convert the rotational motion of the upper stem 56 into linear motion to enable
linear movement (e.g., along the axial axis 58) of the choke trim 22 relative to the
choke body 20. As mentioned above, some embodiments may include other
types of actuators 24 (e.g., an electric actuator, a hydraulic actuator, or a
pneumatic actuator), and the actuator 24 may be coupled to the choke trim 22 via

any suitable structure.

[0016] In the illustrated embodiment, a sleeve 64 (e.g., an annular sleeve or
an annular retainer) circumferentially surrounds and supports at least a portion of
the plug 30, at least a portion of the lower stem 60, and/or the spring 32. In
certain embodiments, the sleeve 64 may be coupled to the lower stem 60 by any
suitable technique or device (e.g., epoxy, shrinkfit, a threaded fastener, or the
like). For example, a radially-inner surface 66 of the sleeve 64 and a radially-
outer surface 68 of the lower stem 60 may included corresponding threaded
surfaces to facilitate fixed attachment of the sleeve 64 to the lower stem 60.

Thus, the sleeve 64 may be configured to move with the lower stem 60.

[0017] The plug 30 may be made of tungsten carbide or any other appropriate
erosion resistant materials. In some embodiments, the plug 30 or other
components of the choke valve 14 may include materials of lesser erosion
resistance that are coated with erosion resistant materials, such as tungsten
carbide or a diamond-type coating material. As shown, a first end 61(e.g., a
proximal end) of the plug 30 is coupled to a first end 63 (e.g., a distal end) of the
spring 32, and a second end 65 (e.g., a proximal end) of the spring 32 is coupled
to afirst end 67 (e.g., a distal end) of the lower stem 60. Thus, the spring 32 is

positioned axially between the plug 30 and the lower stem 60 along the axial axis
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58, and the spring 32 is positioned in an axial gap between the plug 30 and the
lower stem 60. These components (e.g., the plug 30, the spring 32, and/or the
lower stem 60) may be welded to one another and/or may be fastened to one
another via any suitable fastener, such as a threaded fastener. The spring 32
may be configured to bias the plug 30 against an axially-facing surface 69 (e.g.,
an annular surface) of the sleeve 64 while the choke trim 22 is in the open
position 46. Thus, as shown, an axially-facing surface 71 (e.g., an annular
surface) of the plug 30 may contact the axially-facing surface 69 of the sleeve 64

while the choke trim 22 is in the open position 46.

[0018] In the illustrated embodiment, the spring 32 includes a series of
tapered annular washers 90 (e.g., Bellville washers) each having a conical or
tapered shape (e.g., tapered or inclined between a radially-outer edge 91 and a
radially-inner edge 93). As noted above, the spring 32 may be any suitable
biasing member, such as the annular washers 90, one or more coil springs, an
elastic material, or any combination thereof. The spring 32 is configured to be
loaded along the axial axis 58 (e.g., in a direction parallel to the axial axis 58).
As noted above, the spring 32 may be supported by and/or maintained in axial
alignment by the sleeve 64 (e.g., the washers 90 may be maintained in axial
alignment with one another), which is configured to contact the radially-outer
edge 91 of the spring 32 and circumferentially surround the spring 32. In the
open position 46, the spring 32 is in an uncompressed (e.g., extended) position
and biases the plug 30 axially (e.g., along the axial axis 58) toward the seat 34
such that the axially-facing surface 71 of the plug 30 engages (e.g., contacts) the

axially-facing surface 69 of the sleeve 64.

[0019] As shown, the plug 30 is disposed within the seat 34. In some
embodiments, the seat 34 may include inner and outer cages (e.g., throttling
members and/or annular throttling members) 70 and 72, and the inner and outer
cages 70 and 72 may each include a plurality of openings 76 and 78,
respectively. In the illustrated embodiment, the openings 76 and 78 are
generally coaxial with each other and extend generally radially from the axial axis

58 at different positions about the axial axis 58. As shown, the openings 76 and
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78 may enable fluid flows (e.g., liquid fluid flow) through the choke valve 14 from
the inlet 18 to the outlet 26. However, flow may be impeded through the choke
valve 14 by varying the position of the plug 30 within the seat 34. Specifically, in
operation, flow through the choke valve 14 may be adjusted by manipulating the
actuator 54. For example, as explained above, rotating the wheel 50 causes the
upper stem 56 to translate axially along the axial axis 58. This movement drives
the plug 30 between the open position 46 and a closed position, as discussed
with respect to FIG. 3 below, thereby blocking or exposing the openings 76 and
78 to the flow. As will be appreciated, the flow rate through the choke valve 14
varies based on the position of the plug 30. The openings 76 and 78 may be
partially or substantially entirely obstructed by the plug 30, thereby impeding a

portion or all of the flow.

[0020] FIG. 3 is a cross-sectional side view of the choke valve 14, illustrating
the plug 30 in a closed position 100 (e.g., fully closed or seated position) within
the choke body 20 of the choke valve 14, in accordance with an embodiment of
the present disclosure. In the closed position 100, the plug 30 contacts the
annular seating surface 48 of the seat 34 and covers the openings 76, 78,
thereby blocking fluid flow through the choke valve 14. As discussed above, the
actuator 54 may modulate fluid flow through the choke valve 14 by adjusting the
plug 30 of the choke trim 22 between the open position 48 and the closed
position 100.

[0021] In the closed position 100, a distal surface 102 (e.g., distal end) of the
plug 30 contacts the annular seating surface 48 of the seat 34. As the plug 30 is
urged into the closed position 100 and contacts the annular seating surface 48 of
the seat 34, the spring 32 compresses along the axial axis 58 to absorb and
dampen a load generated by moving the plug 30 into the closed position 100
against the annular seating surface 48 of the seat 34. Thus, the spring 32 may
enable seating of the plug 30 with a controlled load, thereby reducing stress
and/or wear on the plug 30, the seat 34, and/or other components of the choke
valve14, for example. In typical choke valves, the load applied by the typical

actuator may overload the plug 30, causing stress and/or causing the plug 30 to
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become jammed (e.g., wedged or immovably lodged) within the seat 34.
Accordingly, in the present embodiments, the load applied by the actuator 54 to
urge the plug 30 into the closed position 100 may be low such that the plug 30
does not fracture due to internal stress and/or such that the plug 30 is not
jammed within the seat 34 and can be removed by the actuator 54. As shown, a
gap 103 may be generated between the axially-facing surface 69 of the plug 30
and the axially-facing surface 71 of the sleeve 64 as the plug 30 is moved into
the closed position 100. In some embodiments, the actuator 24 may drive the
lower stem 60 along the axial axis 58 until an axially-facing surface 104 of the
sleeve 64 contacts an axially-facing surface 105 of the seat 34. As noted above,
in certain embodiments the springs 32 may include the annular washers 90. In
some such cases, each of the annular washers 90 may have a height 106 (e.g.,
along the axial axis 58) of approximately 2, 3, 4, 5,6, 7, 8, 9, 10, or more
millimeters (mm) when the spring 32 is in an uncompressed position. In some
embodiments, the height 106 of each annular washer 90 may be between
approximately 1 and 20, 2 and 10, or 3 and 6 mm when the spring 32 is in the
uncompressed position. Each annular washer 90 may be configured to move
into a compressed position in which the height 106 is reduced. For example, the
height 106 of each annular washer 90 may be reduced by approximately 0.5, 0.6,
0.7,08,091,11,12,13,14,15,16,1.7, 1.8, 1.9, or 2 mm when the plug
30 is moved from the open position 46 to the closed position 100. In some
embodiments, the height 106 may be reduced by between approximately 0.5 and
2,1and 1.7, or 1.3 and 1.5 mm when the plug 30 is moved from the open
position 46 to the closed position 100. In some embodiments, the height 106 of
each annular washer 90 may be reduced by between approximately 1 to 50, 5 to
40, or 10 to 30, or 15 to 25 percent.

[0022] Regardless of the form of the spring 32 (e.g., the annular washers 90,
one or more coil springs, an elastic material, or any combination thereof), the
spring 32 may be configured to move from an uncompressed position to a
compressed position in which an axial height of the spring 32 is reduced. In

some embodiments, the height of the spring 32 may be reduced by between
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approximately 1 to 50, 5 to 40, or 10 to 30, or 15 to 25 percent between the
uncompressed and the compressed positions. In certain embodiments, the
spring 32 may be configured to absorb (e.g., store) a force of approximately
5,000 to 30,000 Newtons when the plug 30 is moved from the open position 46 to
the closed position 100. In certain embodiments, the spring 32 may be
configured to absorb a force of approximately 8,000 to 25,000, 9,000 to 20,000,
or 10,000 to 15,000 Newtons when the plug 30 is moved from the open position
46 to the closed position 100. As discussed above, the spring 32 may absorb
and dampen a load generated by moving the plug 30 into the closed position 100
against the annular seating surface 48 of the seat 34. Thus, the spring 32 may
enable seating of the plug 30 with a controlled load, thereby reducing wear on
components of the choke valve 14, for example. By absorbing the load
generated by moving the plug 30 into the closed position 100, the spring 32 may
also enable use of a more powerful actuator 24. The relatively powerful actuator

24 may also facilitate removal of the plug 30 from the seat 34.

[0023] While the invention may be susceptible to various modifications and
alternative forms, specific embodiments have been shown by way of example in
the drawings and have been described in detail herein. However, it should be
understood that the invention is not intended to be limited to the particular forms
disclosed. Rather, the invention is to cover all modifications, equivalents, and
alternatives falling within the spirit and scope of the invention as defined by the

following appended claims.

10
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CLAIMS
1. A system, comprising:
a choke valve, comprising:

a body;

an annular seat disposed within the body; and

a plug configured to move relative to the annular seat between an
open position in which a fluid is enabled to flow through the choke valve and in
which the plug does not contact an annular seating surface of the annular seat
and a closed position in which the fluid is blocked from flowing through the choke
valve and in which the plug contacts the annular seating surface of the annular
seat: and

a damper coupled to the plug, wherein the damper is configured to
absorb a load generated by contact between the plug and the annular seating

surface of the annular seat as the plug moves into the closed position.

2. The system of claim 1, comprising an annular sleeve configured to

circumferentially surround the damper and at least a portion of the plug.

3. The system of claim 2, wherein an axially-facing surface of the annular
sleeve is configured to engage an axially-facing surface of the plug while the plug

is in the open position.

4. The system of claim 3, wherein the damper comprises a spring and is
configured to bias the plug against the axially-facing surface of the annular

sleeve while the plug is in the open position.
. The system of claim 1, comprising a shaft extending along an axial axis of

the choke valve, wherein the shaft is fixed to a first axial end of the damper and

the plug is fixed to a second axial end of the damper, opposite the first axial end.

11
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6. The system of claim 5, comprising an actuator, wherein the shaft extends
between the first axial end of the damper and the actuator, and the actuator is
configured to drive the shaft along the axial axis of the choke valve to cause the

plug to move between the open position and the closed position.

7. The system of claim 5, comprising an annular sleeve configured to
circumferentially surround the damper, at least a portion of the plug, and at least

a portion of the shaft.

8. The system of claim 7, wherein the annular sleeve is fixedly coupled to the
shatft.
9. The system of claim 1, wherein the damper is configured to be in an

uncompressed configuration while the plug is in the open position and in at least

a partially compressed configuration while the plug is in the closed position.

10.  The system of claim 1, wherein the damper comprises a plurality of

tapered annular washers stacked along an axial axis of the choke valve.

11. A choke valve system, comprising:
a choke trim configured to be supported within a choke valve body, the
choke trim comprising:

a shaft configured to be coupled to an actuator configured to drive
the choke trim relative to the choke valve body between a closed position and an
open position;

a plug configured to cover an opening in the choke valve body to
block a flow of fluid through the opening while the choke trim is in the closed
position and to expose the opening in the choke valve body to enable the flow of
fluid through the opening while the choke trim is in the open position; and

a damper positioned between the shaft and the plug, wherein the

damper is configured to absorb a load generated by contact between the plug

12
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and an annular seat coupled to the choke valve body as the plug moves into the

closed position.

12.  The system of claim 11, comprising an annular sleeve configured to
circumferentially surround the damper, at least a portion of the plug, and at least

a portion of the shaft.

13.  The system of claim 12, wherein the annular sleeve is fixedly coupled to
the shaft.

14.  The system of claim 12, wherein an axially-facing surface of the annular
sleeve is configured to engage an axially-facing surface of the plug while the

choke trim is in the open position.

15.  The system of claim 14, wherein the damper comprises a spring and is
configured to bias the plug against the axially-facing surface of the annular

sleeve while the choke trim is in the open position.

16.  The system of claim 11, wherein the damper comprises a plurality of

tapered annular washers stacked along an axial axis of the choke valve.

17. A choke valve system, comprising:

a plug configured to be supported within a choke valve body, wherein the
plug is configured to cover an opening in the choke valve body to block a flow of
fluid through the opening while the plug is in the closed position and to expose
the opening in the choke valve body to enable the flow of fluid through the
opening while the plug is in the open position, wherein a first end of the plug is
configured to contact an annular seat coupled to the choke valve body while the
plug is in the closed position; and

a damper coupled to a second end of the plug, opposite the first end,

wherein the damper is configured to be positioned between the plug and an

13
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actuator configured to drive the plug between the open position and the closed
position, and the damper is configured to absorb a load generated by contact
between the first end of the plug and the annular seating surface of the annular

seat as the plug moves into the closed position.

18.  The system of claim 17, comprising an annular sleeve configured to
circumferentially surround and support the damper and at least a portion of the
plug, wherein the damper is configured to bias the plug against an axially-facing

surface of the annular sleeve while the choke trim is in the open position.

19.  The system of claim 17, comprising an annular sleeve configured to
circumferentially surround and support the damper and at least a portion of the
plug and a shaft coupled to the damper and configured to be coupled to the
actuator, wherein the annular sleeve is threadably coupled to the shaft via a

threaded fastener.
20.  The system of claim 17, wherein the damper comprises a spring having a

plurality of tapered annular washers stacked along an axial axis of the choke

valve.

14
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