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FIG. 2

(57) Abstract: A system including a flow control system (10), including a flow control mechanism (14) configured to control a flow
of tluid through a fluid passage (12), a rack and pinion system (24) coupled to the flow control mechanism and configured to transfer
motion from an actuator (16) to the flow control mechanism, a biasing element (28) coupled to the rack and pinion system (24),
wherein the biasing element is contigured to store potential energy as the flow control mechanism transitions from a closed position
to an open position or an open position to a closed position, and a failsafe device (32) configured to release the potential energy
stored in the biasing element to open or close the flow control mechanism.
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FLOW CONTROL SYSTEM

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] The many industries use a variety of flow control devices (e.g., valves)
to control fluid (e.g., oil or natural gas) flow in hydrocarbon extraction operations.
These flow control devices may control pressure and fluid flow through pipes, as
the hydrocarbons move within a processing plant, an oil rig, etc. These flow
control devices may also include a failsafe that automatically closes the flow

control device in certain circumstances (e.g., an emergency).

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 perspective view of an embodiment of a flow control
system;
[0005] FIG. 2 is a cross-sectional view of an embodiment of the flow control

system along line 2-2 of FIG. 1,

[0006] FIG. 3 is a cross-sectional view of an embodiment of the flow control

system along line 3-3 of FIG. 1,
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[0007] FIG. 4 is a cross-sectional view of an embodiment of the flow control

system along line 4-4 of FIG. 1; and

[0008] FIG. 5is a partial perspective view of an embodiment of a flow control

system.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

[0009] 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.

[0010] Hydrocarbon extraction and processing systems use a variety of flow
control systems/devices (e.g., valves, dampers) to control fluid flow (e.g., oil or
natural gas). Accordingly, these flow control systems may control pressure and
fluid flow through various hydrocarbon processes. In certain circumstances, the
flow control system may be opened or closed quickly (e.g., in an emergency) to
allow or block/limit the flow of hydrocarbons or other fluids through various
systems. In order to open or close these valves quickly, the flow control system
may include a failsafe device. As will be discussed below, the disclosed
embodiments include a flow control system capable of opening or closing a flow
control mechanism (e.g., valve, damper, etc.) without the use of hydraulics.

Indeed, the disclosed embodiments disclose a flow control system with a failsafe
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device that mechanically opens or closes a valve by releasing potential energy

stored in a spring.

[0011] FIG. 1 is a perspective view of an embodiment of a flow control
system 10. In operation, the flow control system 10 controls the flow of fluids
(e.g., hydrocarbons) through a tubular 12 using a flow control mechanism 14
(e.g., butterfly valve, quarter turn valve, ball valve, damper, etc.). The flow
control system 10 actuates the flow control mechanism 14 using a manual or
automatic actuator 16 (e.g., hand wheel, electric motor, etc.) that rotates an input
shaft 18. More specifically, in the illustrated embodiment, as the input shaft 18
rotates, the rotational energy transfers through one or more planetary gear sets
20 (e.g., 1, 2, 3, 4, 5, or more) within a gear housing 22. The planetary gear sets
20 then transfer the rotational energy to a rack and pinion system 24 within a
rack and pinion housing 26. The rack and pinion system 24 then actuates the
flow control mechanism 14 (e.g., rotates the flow control mechanism 14 within
the tubular 12). As will be explained below, the rack and pinion system 24
includes a biasing element 28 (e.g., one or more springs) within a housing 30
(e.g., a spring housing) that biases the rack and pinion system 24 to open or
close the flow control mechanism 14. In certain embodiments, the biasing
element 28 may include a spring, one or more permanent magnets (e.g., a pair of

opposing magnets), one or more electromagnets, or any combination thereof.

[0012] In order to open or close the flow control system 10 without the
actuator 16, the flow control system 10 includes a failsafe device 32. In
operation, the failsafe device 32 enables the flow control system 10 to open or
close the flow control mechanism 14 quickly (e.g., an emergency). In some
embodiments, the failsafe device 32 may be a solenoid actuator that
mechanically releases the planetary gear sets 20, or in other words enables the
planetary gear sets 20 to freely rotate without the actuator 16. When the
planetary gears sets 20 are able to freely rotate, the spring 28 expands and
drives the rack and pinion system 24, opening or closing the flow control

mechanism 14.
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[0013] In some embodiments, the flow control system 10 may control both
the failsafe device 32 and the actuator 16 with a controller 34. For example, the
controller 34 may include a processor 36 and a memory 38. The processor 36
may include a single processor or two or more redundant processors, such as
triple redundant processors for control of the flow control system 10. The
memory 38 may include volatile and/or non-volatile memory. For example, the
memory 38 may include one or more hard drives, flash memory, read-only
memory, random access memory, or any combination thereof. The memory 38
may store one or more sets of instructions for execution by the processor 36.
The instructions may control when the actuator 16 opens and closes the flow
control mechanism 14 or when the failsafe device 32 actuates to open or close

the flow control mechanism 14 in an emergency.

[0014] FIG. 2 is a cross-sectional view of an embodiment of the flow control
system 10 along line 2-2 of FIG. 1. More specifically, FIG. 2 is a cross-sectional
view of an embodiment of the rack and pinion system 24 within the flow control
system 10. As illustrated, the rack and pinion system 24 includes a rack and
pinion housing 26 that contains a rack 60 with teeth 62 that engage
corresponding teeth 64 on a pinion 66 (e.g., gear). As explained above, the rack
and pinion system 24 receives rotational energy from the input shaft 18 through
planetary gear sets 20 within the gear housing 22. The planetary gear sets 20
couple to the pinion 66 and rotate the pinion 66 in either circumferential direction
70 or 72. As the pinion 66 rotates, the pinion 66 rotates a shaft 68 that opens
and closes the flow control mechanism 14, while simultaneously driving the rack
60 axially to create potential energy with the spring 28 or other biasing element
(e.g., permanent magnets, electromagnets, springs, or a combination thereof).
As illustrated, the rack 60 couples to a plate 76 within the spring housing 30. In
order to compress the spring 28, the rack 60 may couple to the plate 76 with a
rod 78. For example, a first end 80 of the rod 78 may threadingly couple to an
aperture 82 in a first end 84 of the rack 60, while a second end 86 of the rod 76
may extend through an aperture 88 in the plate 76 enabling the rod 76 to couple

to the plate 76 with a nut 90. In some embodiments, the rack 60 may extend into
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the spring housing 30 and couple to the plate 76 directly, or the rod 76 may
threadingly couple directly to the plate 76. In operation, as the pinion 66 rotates
in direction 72, the pinion 66 axially moves the rack 60 in direction 74. As the
rack 60 moves in direction 74, the rack 60 compresses the spring 28 with the
plate 76 creating potential energy. As will be explained in detail below,
compressing the spring 28 creates potential energy that the flow control system
10 uses to close the flow control mechanism 14 when the failsafe device is
actuated.

[0015] In some embodiments, the rack and pinion system 24 may include one
or more end stops 92, 94 (e.g., screws, pins, etc.) that control how far the flow
control mechanism 14 opens and closes by controlling how far the pinion 66
rotates. The end stops 92 may thread into the rack and pinion housing 26
through respective apertures 96, 98. In operation, the end stops 92, 94 may
thread further into or further out of the rack and pinion housing 26 to reduce or
increase the amount of rotation of the pinion 66. In some embodiments, the end
stops 92, 94 may also cushion or reduce the impact of the pinion 66, when the
potential energy of the spring 28 is released. For example, the end stops 92, 94
may be made out of a soft metal, plastic, and/or rubber that absorb the impact of
the teeth 64.

[0016] The rack and pinion system 24 may also include bearings 100, 102
that facilitate movement of the rack 60 within a cavity 103 of the rack and pinion
housing 26. As illustrated, the bearings 100, 102 contact a groove 104 on the
rack 60 enabling the rack 60 to slide back and forth between groove ends 106

and 108 as rack 60 moves in axial directions 74, 110.

[0017] In certain embodiments, the flow control system 10 may include a
damper system 112 within the rack and pinion housing 26. For example, the
damper system 112 may be a fluid based damper system that uses fluid within
the cavity 103 to cushion and/or slow the movement of the rack 60. As illustrated,
the damper system 112 includes an aperture 114 through the rack 60 that fluidly

communicates with an aperture 116. In operation, as the rack 60 moves in
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direction 110, fluid in the cavity 103 is forced through the aperture 116 and into
the aperture 114. As the fluid flows through the rack 60, the fluid contacts a plate
118 with one or more apertures 120 (e.g., 1, 2, 3, 4, 5, or more). The apertures
120 may restrict the flow of fluid through the rack 60, thus cushioning and/or
slowing movement of the rack 60 with fluid in the cavity 103. In some
embodiments, the damper system 112 may include a plurality of interchangeable
end caps 120 with differently sized apertures 118 to control how quickly fluid
flows through the rack 60 and therefore how quickly the rack 60 is able to move.
Moreover, in some embodiments the damper system 112 may include springs
within the cavity 103 (e.g., on opposite sides of the rack 60) to dampen the
impact of the rack 60 as the rack 60 moves within the rack and pinion housing 26.
The damper system 112 may use the springs with or without fluid in the cavity
103 to dampen the rack 60.

[0018] FIG. 3 is a cross-sectional view of an embodiment of the flow control
system 10 along line 3-3 of FIG. 1. As explained above, the flow control system
10 actuates the flow control mechanism 14 by rotating the input shaft 18 with the
actuator 16 (seen in FIG. 1). As the input shaft 18 rotates, the rotational energy
is transferred to planetary gear sets 20 within the gear housing 22. The
planetary gear sets 20 then transfer the rotational energy to the rack and pinion
system 24. The rack and pinion system 24 then actuates the flow control
mechanism 14 (e.g., rotates the flow control mechanism 14 within the tubular 12
seen in FIG. 1). As illustrated, the flow control system 10 may have multiple
planetary gear sets 20 in series within the gear housing 22. For example, the
flow control system 10 may include a first planetary gear set 130 coupled to a
second planetary gear set 132. However, in certain embodiments there may be
a different number of planetary gear sets (e.g.,, 1, 2, 3, 4, 5, or more). In
operation, these planetary gear sets 20 change the gear ratio, and thus the

torque acting on the rack and pinion system 24.

[0019] The first planetary gear set 130 includes a first carrier 134 that couples
to one or more planetary gears 136 (e.g., 1, 2, 3, 4, 5, or more) with bearings or

shafts 138. The planetary gears 136 in turn couple to a ring gear 140 and to the
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input shaft 18 (e.g., sun gear). As explained above, the actuator 16 rotates the
input shaft 18, enabling the input shaft 18 (e.g., sun gear) to rotate the planetary
gears 136. While the input shaft 18 and planetary gears 136 are capable of
rotating, the ring gear 140 is held in place with a wrap spring 142 that couples the
ring gear 140 to a hub 144 (e.g., brake hub). The hub 144 in turn is held in place
(e.g., stationary) with one or more connectors 146 (e.g., threaded connector,
screw, pin, bolts, etc.) that couple the hub 144 to a gear housing cover 148.
More specifically, the wrap spring 142 compressively wraps around an exterior
surface 150 of the ring gear 140 and the exterior surface 152 of the hub 144 to
block rotation of the ring gear 140. As will be explained in detail below, the wrap
spring 142 remains in place until the failsafe device 32 actuates (e.g., e.g.,
loosens, uncouples) the wrap spring 142, enabling the ring gear 140 to rotate. In
some embodiments, the flow control system 10 may include the bearings 151
that support and facilitate rotation of the ring gear 140 when the wrap spring 142

uncouples (e.g., loosens) from the ring gear 140.

[0020] In operation, the first planetary gear set 130 transfers rotational energy
from the input shaft 18 to the second planetary gear set 132. More specifically,
as the input shaft 18 rotates the planetary gears 136, the planetary gears 136
rotate the carrier 134. The carrier 134 then transfers the rotational energy to a
shaft 153 (e.g., sun gear) of the second planetary gear set 132. The shaft 153
then rotates the planetary gears 154. As the planetary gears 154 rotate about
the shaft 153, the planetary gears 154 rotate the carrier 156 through the bearings
or shafts 158. The carrier 156 then rotates the pinion 66 to actuate the flow
control mechanism 14. In some embodiments, the pinion 66 supports a bearing
160 that facilitates and enables rotation of the shaft 153 with respect to the pinion
66.

[0021] FIG. 4 is a cross-sectional view of an embodiment of the flow control
system 10 along line 4-4 of FIG. 1 illustrating the first planetary gear set 130. As
explained above, the first planetary gear set 130 includes the first carrier 134
coupled to one or more planetary gears 136 (e.g., 1, 2, 3, 4, 5, or more) with

bearings or shafts 138. The planetary gears 136 in turn couple to a ring gear 140
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and to the input shaft 18 (e.g., sun gear). In operation, the input shaft 18 rotates
the planetary gears 136, and by extension the carrier 134. As explained above,
the ring gear 140 is held in place (i.e., stationary) with a wrap spring 142 (seen in
FIG. 3) that couples the ring gear 140 to a hub 144 (e.g., brake hub). The wrap
spring 142 remains in place until the failsafe device 32 actuates (e.g., uncouples,

loosens) the wrap spring 142 enabling the ring gear 140 to rotate.

[0022] FIG. 5is a partial perspective view of an embodiment of a flow control
system 10 with the failsafe device 32. As explained above, when the wrap spring
142 releases (e.g., uncouples) the ring gear 140, the flow control system 10 is
able to open or close the flow control mechanism 14 without operation or use of
the actuator 16 (e.g., in an emergency or other quick-close situation). More
specifically, when wrap spring 142 releases the ring gear 140, the first and
second gear sets 130, 132 can rotate when the input shaft 18 is stationary (i.e.,
without input from the actuator 16). The ability of the first and second gear sets
130, and 132 to freely rotate releases the potential energy stored in the spring 28.
In other words, when the spring 28 releases its potential energy in axial direction
110, the spring 28 drives the rack 60 in axial direction 110 as the first and second
planetary gear sets 130, 132 rotate. Accordingly, as the rack 60 moves in axial
direction 110, the rack teeth 62 are able to engage the pinion teeth 64 and rotate
the pinion 66 in direction 70. The rotation of the pinion 66 then closes the flow

control mechanism 14.

[0023] In some embodiments, the failsafe device 32 includes a solenoid
actuator that drives a piston or shaft 180 into contact with a tang or prong 182 on
the wrap spring 142, to loosen the wrap spring 142. As illustrated, the wrap
spring 142 includes a first end 184 and a second end 186. The second end 186
of the wrap spring 142 couples to the hub 144 or to the cover 148 to block
movement of the second end 186 of the wrap spring 142. Accordingly, when the
piston 180 contacts the tang or prong 182 of the first end 184, the piston 180
circumferentially expands the wrap spring 142 uncoupling the wrap spring 142
from the ring gear 140. Similarly, when the failsafe device 32 retracts the piston

180, the wrap spring 142 contracts and couples the ring gear 140 to the hub 144
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blocking rotation of the ring gear 140. In this way, the failsafe device 32 is able
to open or close the flow control mechanism 14 without operation of the actuator
16.

[0024] 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.
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CLAIMS
1. A system, comprising:
a flow control system, comprising:

a valve configured to control a flow of fluid through a fluid passage;

a rack and pinion system coupled to the flow control mechanism
and configured to transfer motion from an actuator to the flow control
mechanism;

a biasing element coupled to the rack and pinion system, wherein
the biasing element is configured to store potential energy as the flow control
mechanism transitions from a closed position to an open position or an open
position to a closed position; and

a failsafe device configured to release the potential energy stored in

the biasing element to open or close the flow control mechanism.

2. The system of claim 1, comprising a first planetary gear set coupled to the
rack and pinion system and configured to transfer rotation from the actuator to

the rack and pinion system.

3. The system of claim 2, wherein the planetary gear set comprises a ring

gear, at least one planetary gear, a carrier, and a sun gear.
4, The system of claim 3, wherein the sun gear comprises a shaft coupled to
the actuator, wherein the sun gear is configured to rotate the at least one

planetary gear and the carrier to open and close the flow control mechanism.

5. The system of claim 3, comprising a wrap spring coupled to the ring gear

and configured to block rotation of the ring gear.

6. The system of claim 5, wherein the failsafe device is configured to open or

close the flow control mechanism without the actuator by uncoupling the wrap

10
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spring from the ring gear to enable the ring gear to rotate and release the

potential energy of the biasing element.

7. The system of claim 1, wherein the failsafe device comprises a solenoid

actuator configured to expand a wrap spring.

8. The system of claim 1, wherein a controller couples to the failsafe device

and is configured to actuate the failsafe device.

9. The system of claim 1, comprising the actuator.

10.  The system of claim 1, wherein the biasing element comprises a spring.

11.  The system of claim 1, wherein the biasing element comprises magnets.

12.  The system of claim 1, wherein the rack couples to a plate and wherein
the plate is configured to compress the biasing element.

13. A system, comprising:
a flow control system, comprising:

a flow control mechanism configured to control a flow of fluid
through a fluid passage;

a planetary gear set coupled to the flow control mechanism, the
planetary gear set, comprising a ring gear, a sun gear, and at least one planetary
gear coupled to the ring gear and the sun gear,

a spring coupled to the ring gear and configured to block movement
of the ring gear; and

a failsafe device coupled to the spring and configured to uncouple

the spring from the ring gear to open or close the flow control mechanism.

11
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14.  The system of claim 13, comprising an actuator configured to open and

close the flow control mechanism by rotating the sun gear.

15.  The system of claim 14, comprising a rack and pinion system coupled the
planetary gear set and configured to transfer the rotation of the planetary gear

set to the flow control mechanism.

16. The system of claim 14, comprising a controller configured to control
operation of the actuator and the failsafe device to open and close the flow

control mechanism.

17. A system, comprising:
a flow control system, comprising:
a flow control mechanism configured to control a flow of fluid
through a fluid passage;
an actuator coupled to the flow control mechanism and configured
to open and close the flow control mechanism; and
a failsafe device configured to open or close the flow control

mechanism by uncoupling a first spring from a gear.

18. The system of claim 17, comprising a controller coupled to the failsafe
device and configured to control operation of the failsafe device to open or close

the flow control mechanism.
19.  The system of claim 17, comprising a biasing element configured to store
potential energy to open or close the flow control mechanism once the failsafe

device uncouples the first spring from the gear.

20.  The system of claim 19, wherein the biasing element comprises a spring

coupled to a rack and pinion system, and wherein the second spring is

12
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configured to drive the rack and pinion system to open or close the flow control

mechanism, upon release of a potential energy stored by the second spring.

13
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