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(57) ABSTRACT 

A system includes a choke valve, an actuator configured to 
adjust a position of the choke valve, a variable frequency 
drive configured to adjust a speed at which the actuator 
adjusts the position of the choke valve, and a controller 
configured to receive first feedback indicative of a fluid 
pressure upstream of the choke valve, compare the first 
feedback to a first predetermined pressure range, and instruct 
the variable frequency drive to send electricity to the actua­
tor at a first frequency when the first feedback is outside of 
the first predetermined pressure range, where the variable 
frequency drive is configured to control a speed and a 
direction of the actuator such that the actuator adjusts the 
position of the choke valve to a first position at a first speed, 
and where the first speed is based at least on a difference 
between the first feedback and the first predetermined pres­
sure range. 
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VARIABLE FREQUENCY DRIVE FOR A 
FLUID-HANDLING SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims benefit of U.S. Provisional 
Patent Application No. 62/328,511, filed Apr. 27, 2016, 
entitled "VARIABLE FREQUENCY DRIVE FOR A 
FLUID-HANDLING SYSTEM," which is incorporated by 
reference herein in its entirety. 

BACKGROUND 

[0002] 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 inven­
tion. According, it should be understood that these state­
ments are to be read in this light, and not as admissions of 
prior art. 

[0003] 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 
fluid flow. For example, in mineral extraction systems, 
choke valves may be utilized to regulate the flow of pro­
duction fluid ( e.g., oil, gas, water, and/or drilling fluids) from 
a well. These valves may include a choke body with a 
movable valve member ( e.g., a choke trim) disposed therein. 
An actuator drives the movable valve member over an 
opening of the choke body through which the fluid flows. 
Shifting the position of the movable valve member relative 
to the opening adjusts the flow rate of the fluid through the 
opening. Unfortunately, traditional systems may be config­
ured to shift the position of the movable member at a single 
drive speed, such that control over the flow rate and/or 
pressure of the fluid may be imprecise. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0004] 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: 

[0005] FIG. 1 is a schematic of a fluid-handling system 
including a choke valve that may be adjusted with a variable 
frequency drive (VFD), in accordance with an aspect of the 
present disclosure; 

[0006] FIG. 2 is a section view of an embodiment of the 
choke valve of FIG. 1 in a closed position, in accordance 
with an aspect of the present disclosure; 

[0007] FIG. 3 is a section view of the choke valve of FIG. 
2 in an open position, in accordance with an aspect of the 
present disclosure; 

[0008] FIG. 4 is a section view of another embodiment of 
the choke valve of FIG. 1 in a closed position, in accordance 
with an aspect of the present disclosure; 

[0009] FIG. 5 is a section view of the choke valve of FIG. 
4 in an open position, in accordance with an aspect of the 
present disclosure; 
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[0010] FIG. 6 is a schematic ofan embodiment of a wiring 
diagram for coupling the VFD to a controller and an 
actuator, in accordance with an aspect of the present disclo­
sure; 
[0011] FIG. 7 is a schematic of an embodiment of a 
controller that may be utilized to adjust a position of the 
choke valve of FIG. 1 using the VFD, in accordance with an 
aspect of the present disclosure; 
[0012] FIG. 8 is a flow diagram of an embodiment of a 
process that the controller may execute to adjust the position 
of the choke valve of FIG. 1 using the VFD, in accordance 
with an aspect of the present disclosure; 
[0013] FIG. 9 is a flow diagram of an embodiment of a 
process that the controller may execute to adjust the position 
of the choke valve of FIG. 1 using the VFD, in accordance 
with an aspect of the present disclosure; 
[0014] FIG. 10 is a flow diagram of an embodiment of a 
process that the controller may execute to adjust the position 
of the choke valve of FIG. 1 using the VFD, in accordance 
with an aspect of the present disclosure; and 
[0015] FIG. 11 is a flow diagram of an embodiment of a 
process that the controller may execute to determine a 
condition of the choke valve, in accordance with an aspect 
of the present disclosure. 

DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS 

[0016] One or more specific embodiments of the present 
invention will be described below. These described embodi­
ments are only exemplary of the present invention. Addi­
tionally, in an effort to provide a concise description of these 
exemplary embodiments, all features of an actual implemen­
tation 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 compli­
ance with system-related and business-related constraints, 
which may vary from one implementation to another. More­
over, it should be appreciated that such a development effort 
might be complex and time consuming, but would never­
theless be a routine undertaking of design, fabrication, and 
manufacture for those of ordinary skill having the benefit of 
this disclosure. 
[0017] When introducing elements of various embodi­
ments of the present invention, the articles "a," "an," "the," 
and "said" are intended to mean that there are one or more 
of the elements. The terms "comprising," "including," and 
"having" are intended to be inclusive and mean that there 
may be additional elements other than the listed elements. 
Moreover, 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 compo­
nents. 
[0018] As discussed in detail below, the disclosed embodi­
ments include a fluid-handling system (e.g., a choke valve, 
a gate valve, a ball valve, or a combination thereof) that may 
be adjusted using a variable frequency drive (VFD). As used 
herein, a VFD may be a controller that drives an actuator by 
adjusting a frequency supplied to the actuator. Accordingly, 
the actuator speed may vary as the frequency signal deliv­
ered to the actuator from the VFD varies. Fluid-handling 
systems may include a choke valve that includes a choke 
body and a choke trim disposed within the choke body. The 
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choke trim may include a choke plug configured to move 
relative to an opening in the choke valve to adjust a fluid 
flow through the choke valve. The choke trim may also 
include a stem coupled to an actuator that may be configured 
to move the choke plug with respect to the opening, thereby 
adjusting a cross-sectional area of a fluid flow path extend­
ing through the choke body to adjust the fluid flow. The 
actuator may be coupled to or include a drive or a motor, 
which may supply power to the actuator to move the choke 
plug with respect to the opening. However, in certain 
fluid-handling systems, the motor may be configured to 
output a constant amount of power, thereby allowing the 
actuator to move the choke plug at a single speed. 
[0019] As drilling technologies become more advanced, it 
may be desirable to control a speed at which the actuator 
adjusts a position of the choke plug. For example, managed 
pressure drilling (MPD) is a technique that monitors and 
controls a pressure in a wellbore by diverting drilling fluids 
away from a drill string toward a flow control device ( e.g., 
a choke valve). Accordingly, precise adjustments of the flow 
control device may provide enhanced pressure control of the 
drilling fluid in the wellbore, thereby enhancing drilling 
operations. 
[0020] In order to control a speed at which the choke valve 
position is adjusted, a variable control device (VFD) may be 
coupled to a motor included in the actuator through a wired 
connection. For example, the VFD may send electricity to 
the motor of the actuator at an adjusted frequency to the 
motor, thereby affecting a speed at which the motor operates. 
Changing the speed of the motor thus changes the speed at 
which the actuator may adjust the position of the choke plug. 
Accordingly, the VFD sends electricity at a predetermined 
frequency to the actuator ( e.g., the motor included the 
actuator) such that the speed of the motor, and thus the speed 
of the actuator, reaches a desired speed. Including the VFD 
to control the choke valve may thus enable the choke valve 
to open and/or close at different speeds. 
[0021] In some cases, it may be desirable to close the 
choke valve quickly to block a flow of the drilling fluid 
toward a drilling rig platform, for example. Additionally, 
when utilizing MPD techniques, it may be desirable to 
quickly adjust a position of the choke plug when an abrupt 
change in pressure in the wellbore occurs. In other cases, it 
may be desirable to slowly adjust the position of the choke 
plug as pressure in the wellbore gradually changes ( e.g., 
changes in pressure that are not rapid or unexpected). For 
example, it may be desirable to adjust the speed at which the 
position of the choke plug is adjusted in real time based on 
feedback received from one or more sensors. Further, the 
position of the choke valve may be adjusted using the VFD 
in accordance with nonlinear speed profiles configured to 
open and/or close the choke valve based on geometries of 
the choke valve, characteristics of the fluid flowing through 
the choke valve, and/or feedback received from other com­
ponents of the fluid-handling system (e.g., pressure, flow 
rate, etc.). Accordingly, utilizing the VFD to control the 
choke valve may enable precise control (e.g., quick open 
and/or close or slow open and/or close) over a flow rate of 
fluid through a fluid-handling system. 
[0022] Moreover, the VFD may be connected to (e.g., 
wirelessly or through a wired connection) an existing com­
munications bus of a drilling system, which may include one 
or more controllers. Accordingly, the VFD may be posi­
tioned remote from the actuator, and thus distant from the 

2 
Nov. 2, 2017 

harsh conditions that may be present in a wellbore. Addi­
tionally, electricity at a predetermined frequency sent by the 
VFD may be sent based on feedback received from other 
components and/or devices of the drilling system that may 
include the fluid-handling system. In other embodiments, 
the VFD may control a position of the choke valve based on 
manual inputs of speed, direction, and/or position by an 
operator, for example. In still further embodiments, the 
operator may manually input a speed, a direction, and/or a 
choke valve position through an external controller coupled 
to the VFD. 

[0023] In some cases, the VFD may be configured (e.g., 
with a logic controller) to control a position of the choke 
valve based on feedback received from a pressure sensor 
indicative of a pressure of drilling fluid in the wellbore. 
When the pressure of the drilling fluid in the wellbore 
exceeds a first pressure threshold, the VFD may send 
electricity at a predetermined frequency to the actuator ( e.g., 
the motor included in the actuator) to move the choke plug 
further from the opening of the choke valve, such that 
additional drilling fluid may flow through the choke valve 
and reduce the pressure in the wellbore. Similarly, when the 
pressure of the drilling fluid in the wellbore falls below a 
second pressure threshold ( e.g., the second pressure is less 
than the first pressure threshold), the VFD may send elec­
tricity to the actuator (e.g., the motor included in the 
actuator) to move the choke plug toward the opening, 
thereby reducing a flow of the drilling fluid through the 
choke valve and increasing the pressure in the wellbore. 
Moreover, the VFD may continuously adjust a frequency of 
the electricity sent to the actuator ( e.g., the motor included 
in the actuator) to move the position of the choke valve at a 
faster speed, a slower speed, or based on a desired speed 
profile ( e.g., a speed curve) between an open and a closed 
position. 

[0024] In other embodiments, feedback received from 
additional components and/or devices of the drilling rig may 
be indicative of wear on the choke valve ( e.g., the choke 
plug and/or a tip of the choke plug). For example, the 
controller may utilize the feedback received from the addi­
tional components and/or devices of the drilling rig in 
combination with feedback received from the choke valve 
itself (e.g., feedback indicative of a position of the choke 
plug) to determine a condition of the choke valve. The 
condition feedback may include feedback relating to the 
health of the choke valve ( e.g., wear, stress cracks, and/or 
leakage of the choke valve). 

[0025] To help illustrate the manner in which the present 
embodiments may be used in a system, FIG. 1 illustrates an 
embodiment of a fluid-handling system 10. The fluid-han­
dling system 10 may be part of a mineral extraction system 
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 include 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), other drilling fluids, or combinations 
thereof. The fluid arriving from the source 12 may be at 
relatively high pressures, e.g., pressures greater than 500 psi, 
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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 at the fluid destination 16. 

[0026] The choke valve 14 includes an inlet 18, a choke 
body 20 (e.g., a production choke body, a drilling 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 ( e.g., a 
choke plug) relative to the choke body 20. The choke trim 
22 ( e.g., perforated annular sleeve) may adjust a cross­
sectional area of a flow path of the fluid through the choke 
body, thereby adjusting the flow between the inlet 18 and the 
outlet 26. For example, the actuator 24 may be a manual 
actuator ( e.g., a wheel), an electro-mechanical actuator ( e.g., 
powered by an electric drive or motor 27), a hydraulic 
actuator (e.g., a fluid driven actuator), or other suitable type 
of actuator. To adjust the position of the choke trim 22 or a 
component of the choke trim 22 (e.g., a choke plug), 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 (e.g., a stem and/or the 
choke plug 30). 

[0027] Further, a variable frequency drive 31 (VFD) may 
be coupled to the actuator 24 through a wired connection to 
the motor 27 to control a speed at which the actuator 24 
adjusts the position of the choke trim 22. For example, the 
VFD 31 may adjust a frequency of the motor 27 included in 
the actuator 24. The frequency of the motor 27 may dictate 
a rate of rotational output by the actuator 24, thereby 
controlling a speed at which the actuator 24 adjusts the 
position of the choke trim 22. The VFD 31 itself and 
utilizing the VFD 31 to adjust the position of the choke trim 
22 is described in detail herein with reference to FIGS. 6-11. 

[0028] In accordance with embodiments of the present 
disclosure, the VFD 31 may be utilized with different types 
of choke valves 14. For example, FIGS. 2 and 3 illustrate the 
VFD 31 utilized in an embodiment of the fluid-handling 
system 10 that includes a gate and seat choke valve 50, 
whereas FIGS. 4 and 5 illustrate the VFD 31 utilized in an 
embodiment of the fluid-handling system 10 that includes a 
floating sleeve choke valve 52. 

[0029] FIG. 2 is a section view of an embodiment of the 
fluid-handling system 10 that includes the gate and seat 
choke valve 50 in a closed position 54. For example, the 
fluid-handling system 10 may include a body 56 in which the 
gate and seat choke valve 50 is disposed. The gate and seat 
choke valve 50 may be configured to block fluid from 
flowing from the inlet 18 and through the outlet 26 (e.g., 
through the body 56) by forming a seal between a gate 58 
(e.g., annular gate and/or a rectangular gate) and a seat 60 
(e.g., annular seat or a rectangular seat). For example, as 
shown in the illustrated embodiment of FIG. 2, the gate 58 
is disposed within an annular opening 62 of the seat 60, such 
that a lip portion 64 of the gate 58 contacts a tapered surface 
66 ( e.g., a tapered annular surface) of the seat 60. Accord­
ingly, a seal may be formed between the gate 58 and the seat 
60 as a result of contact between the lip portion 64 and the 
tapered surface 66. Therefore, fluid may be blocked from 
flowing through the body 56 when the gate and seat choke 
valve 50 is in the closed position 54. 
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[0030] In some embodiments, the gate 58 may be coupled 
to an intermediate member 68 ( e.g., a shaft or linkage) via 
a fastener 70 (e.g., a threaded fastener such as a bolt) 
extending through the gate 58 and into at least a portion of 
the intermediate member 68. Further, the intermediate mem­
ber 68 may be coupled to a stem 72 via a second fastener 74 
(e.g., a threaded fastener such as a bolt). The stem 72 may 
ultimately be coupled to the actuator 24, thereby enabling 
the gate 58 to be driven by the actuator 24 along a lateral 
outlet axis 76 extending through an annular outlet portion 78 
of the body 56. In certain embodiments, the shaft 28 ( e.g., 
a threaded shaft) may form a portion of the stem 72, such 
that the shaft 28 is configured to drive the gate 58 along the 
lateral outlet axis 76. 
[0031] In the illustrated embodiment, the actuator 24 is an 
electric actuator that includes a wheel 80, a threaded bushing 
82, and the threaded shaft 28 ( e.g., an upper portion of the 
stem 72). Each of these components 80, 82, and 28 may be 
generally coaxial with the outlet axis 76 of the choke valve 
14. The wheel 80 is configured to rotate about the outlet axis 
76, thereby driving engagement of the threaded bushing 82 
and axially pushing or pulling the shaft 28. As discussed 
above, the shaft 28 ( e.g., the upper portion of the stem 72) 
may be coupled to the gate 58 ( e.g., via the intermediate 
member 68) and move the gate 58 as the wheel 80 is rotated. 
Specifically, the intermediate member 68 is coupled to a 
lower portion 83 of the stem 72. Rotational motion of the 
wheel 80 is transferred to the lower stem 83 via the shaft 28. 
In certain embodiments, the lower stem 83 may convert the 
rotational motion of the shaft 28 into linear motion to enable 
linear movement of the gate 58 within the body 56. 
[0032] In some embodiments, the gate 58 may be guided 
along the lateral outlet axis 76 by an annular nose 86 of the 
gate 58 and seat choke valve 50. For example, the gate 58 
may be configured to extend through the annular nose 86, 
which may block crosswise movement of the gate 58 along 
an axis 88 crosswise to the outlet axis 76. In some embodi­
ments, the axis 88 may extend through an annular inlet 
portion 90 of the body 56. In other words, the annular nose 
86 may support the gate 58 as it moves laterally along the 
outlet axis 76. Additionally, the annular nose 86 may remain 
substantially stationary with respect to the body 56 when the 
nose 86 is disposed within the body 56. 
[0033] In certain embodiments, the actuator 24 may be 
coupled to the body 56 via a bonnet assembly 92. In certain 
embodiments, the bonnet assembly 92 may include an 
annular bonnet 94 configured to receive the stem 72 and/or 
the shaft 28. The annular bonnet 94 may be coupled to the 
body 56 using a bonnet nut 96 secured to the body 56 with 
a fastener 98 (e.g., a threaded fastener such as a bolt). 
Accordingly, the actuator 24 may remain substantially sta­
tionary with respect to the body 56 despite movement of the 
components 80, 82, and/or 28 disposed at least partially 
within a housing 100 of the actuator 24. 
[0034] As discussed above, the actuator 24 may include 
the motor 27, which may be coupled to the VFD 31 through 
a wired connection. The VFD 31 may control a speed of the 
motor 27, which thereby adjusts a speed at which the gate 58 
moves along the outlet axis 76. For example, FIG. 3 is a 
section view of the fluid-handling system 10 that includes 
the gate and seat choke valve 50 in an open position 120 
( e.g., the gate 58 has moved in an axial direction 122 along 
the outlet axis 76). As shown in the illustrated embodiment 
of FIG. 3, movement of the gate 58 in the direction 122 
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disengages the gate 58 (e.g., the lip portion 64) from the seat 
60 (e.g., the tapered surface 66), such that the seal between 
the gate 58 and the seat 60 is opened to create a gap or 
opening 124 between the gate 58 and the seat 60 ( e.g., to 
enable fluid to flow through the body 56). 
[0035] In some embodiments, the greater a distance 126 
between the gate 58 and the seat 60 the more fluid that may 
flow through the body 56, and the more pressure that may be 
released from a wellbore, for example. Conversely, decreas­
ing the distance 126 between the gate 58 and the seat 60 may 
decrease a flow rate of the fluid through the body 56, thereby 
reducing an amount of pressure that may be released from 
the wellbore. Accordingly, decreasing the distance 126 
between the gate 58 and the seat 60 may increase a pressure 
within the wellbore. The VFD 31 may thus be utilized to 
increase and/or decrease the distance 126 between the gate 
58 and the seat 60 at various speeds. Accordingly, the flow 
rate of fluid through the body 56 may be precisely controlled 
as a result of the ability to axially move the gate 58 at a given 
speed based on feedback received from other components of 
the overall system, for example. 
[0036] As discussed above, the VFD 31 may be included 
in embodiments of the fluid-handling system 10 that include 
different types of choke valves. For example, FIG. 4 is a 
section view of an embodiment of the fluid-handling system 
10 that includes the floating sleeve choke valve 52 in a 
closed position 150. In some cases, using the floating sleeve 
choke valve 52 may allow for more precise pressure and 
flow control within the fluid-handling system 10, because of 
a floating configuration of a floating external sleeve 152 of 
the floating sleeve choke valve 52. 
[0037] In the illustrated embodiment of FIG. 4, the float­
ing sleeve choke valve 52 includes the floating external 
sleeve 152 configured to translate axially along a lateral 
outlet axis 154 of the floating sleeve choke valve 52. In some 
embodiments, the floating external sleeve 152 may be con­
figured to be disposed over an inner cage 156 of the floating 
sleeve choke valve 52. The inner cage 156 may remain 
substantially stationary with respect to a body 158 of the 
fluid-handling system 10. Additionally, the inner cage 156 
(e.g., a perforated annular cage) may include one or more 
openings 160 that enable fluid (e.g., drilling fluid) to flow 
from the inlet 18 to the outlet 26 (e.g., through the body 
158). However, as shown in the illustrated embodiment of 
FIG. 4, the floating external sleeve 152 is disposed over the 
openings 160, such that a flow of the fluid through the body 
158 is blocked ( e.g., the floating sleeve choke valve 52 is in 
the closed position 150). 
[0038] The floating sleeve choke valve 52 further includes 
an annular seat assembly 162 configured to receive at least 
a portion 164 of the inner cage 156. As shown in the 
illustrated embodiment of FIG. 4, the annular seat assembly 
162 may include a recess 166 configured to contact a surface 
168 of the inner cage 156, thereby blocking movement of the 
inner cage 156 along the outlet axis 154. Additionally, the 
floating sleeve choke valve 52 may include other features, 
such as seals 170 ( e.g., annular seals or T-seals) disposed 
between the inner cage 156 and the external sleeve 152. 
Similarly, the floating sleeve choke valve 52 may include 
seals 172 (e.g., annular seals or O-rings) disposed between 
the seat assembly 162 and the inner cage 156. 
[0039] As shown in the illustrated embodiment of FIG. 4, 
the floating external sleeve 152 may be coupled to a stem 
adapter 174. For example, the stem adapter 174 may include 
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a recess 176 configured to receive clamping members 178 of 
the floating external sleeve 152, thereby coupling the float­
ing external sleeve 152 to the stem adapter 174. Further, the 
stem adapter 174 may be coupled to the stem 72 via a 
fastener 180 (e.g., a threaded fastener such as a bolt) 
extending from the stem adapter 174 into the stem 72. As 
discussed above with reference to the gate and seat choke 
valve 50, the stem 72 may ultimately be coupled to the 
actuator 24, which enables the external floating sleeve 152 
to be driven by the actuator 24 along the lateral outlet axis 
154 extending through an annular outlet portion 182 of the 
body 158. In certain embodiments, the actuator 24 may be 
configured to move the external floating sleeve 152 along 
the outlet axis 154 via the shaft 28 ( e.g., a threaded shaft 
and/or an upper portion of the stem 72). As discussed above, 
the wheel 80 of the actuator 24 may rotate, thereby driving 
the shaft 28 to move along the outlet axis 154 and driving the 
floating external sleeve 152 to move toward and/or away 
from the openings 160 of the inner cage 156. 

[0040] As discussed above, the actuator 24 may include 
the motor 27, which may be coupled to the VFD 31 through 
a wired connection. The VFD 31 may be configured to 
control a speed of the motor 27, which thereby adjusts a 
speed at which the floating external sleeve 152 translates 
along the outlet axis 154. For example, FIG. 5 is a section 
view of the fluid-handling system 10 that includes the 
floating sleeve choke valve 52 in an open position 200 ( e.g., 
the floating external sleeve has moved in an axial direction 
202 along the outlet axis 154 away from the openings 160). 
As shown in the illustrated embodiment of FIG. 5, move­
ment of the floating external sleeve 152 in the direction 202 
uncovers the openings 160, thereby enabling fluid (e.g., 
drilling fluid) to flow from the inlet 18, through the openings 
160, and to the outlet 26 at a maximum flow rate (e.g., the 
openings 160 are completely uncovered). 

[0041] In some embodiments, the floating external sleeve 
152 may be configured to partially cover the openings 160 
to control a flow rate of fluid through the body 158. For 
example, as the openings 160 become larger (e.g., the 
floating external sleeve 152 moves in the axial direction 
202), more fluid (e.g., drilling fluid) may flow through the 
body 158 and more pressure may be released from a 
wellbore, for example. Conversely, decreasing the size of the 
openings 160 (e.g., moving the floating external sleeve 152 
in a second axial direction 204 opposite the axial direction 
202) may decrease a flow rate of the fluid through the body 
158, thereby reducing an amount of pressure that may be 
released from the wellbore. 

[0042] As discussed above, the VFD 31 may be utilized to 
control a rate at which the actuator 24 (e.g., the shaft 28) 
moves, thereby enabling precise control over a flow rate of 
fluid through the body 20 of the fluid-handling system 10. 
For example, FIG. 6 is a schematic of an embodiment of a 
wiring diagram 218, illustrating the VFD 31 coupled to 
components of the fluid-handling system 10. As shown in 
the illustrated embodiment of FIG. 6, the VFD 31 may be 
coupled to the actuator 24 through a wired connection (e.g., 
the motor 27 included in the actuator 24). It should be 
recognized that the VFD 31 may be located proximate to the 
actuator 24 or remote from the actuator 24. It may be 
desirable to locate the VFD 31 remote from the actuator 24 
when the fluid-handling system 10 is disposed in a relatively 
harsh environment (e.g., a wellbore), thereby protecting the 
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VFD 31 and/ or reducing an amount of maintenance that may 
be performed on the VFD 31. 
[0043] Additionally, the VFD 31 may be coupled to a 
power supply 220 configured to provide electrical energy to 
the VFD 31. The VFD 31 may be coupled to the power 
supply 220 via a power cable 222. In some embodiments, the 
power supply 220 may be utilized to supply electrical energy 
to other components of an overall system ( e.g., a mineral 
extraction system) that includes the fluid-handling system 
10. For example, the actuator 24 may be coupled to the 
power supply 220. In other embodiments, however, the 
actuator 24 may receive power from an additional power 
supply 223, separate from the power supply 220. 
[0044] Additionally, in some embodiments, the VFD 31 
may be coupled to a local control console 224. The local 
control console 224 may enable the VFD 31 to adjust a 
speed at which the actuator 24 is opened and/or closed based 
on specific feedback received by the local control console 
224. For example, the local control console 224 may be 
coupled to one or more components and/or sensors that 
provide feedback that may be utilized to control a flow rate 
of the fluid through the body 20 of the fluid-handling system 
10. In other embodiments, the VFD 31 may be coupled to a 
controller 226 of the overall system ( e.g., a mineral extrac­
tion system) via a communications bus 228 or other elec­
tronic coupling device. The controller 226 may receive 
feedback from each component of the overall system ( e.g., 
the mineral extraction system), such that the VFD 31 may be 
configured to adjust the speed at which the actuator 24 opens 
and/or closes based on feedback received from any compo­
nent of the overall system. For example, the VFD 31 may be 
configured to adjust a speed at which the actuator opens 
and/or closes based on a fluid pressure at the inlet 18 ( or the 
outlet 26), based on a position of the choke valve 14, and/or 
any based on any suitable feedback received by the control­
ler 226 indicative of a condition of the fluid upstream and/or 
downstream of the choke valve 14. 
[0045] In some embodiments, the VFD 31 may include an 
individual control device to control the VFD 31 and thus the 
fluid-handling system 10. In some embodiments, the VFD 
31 may be controlled by an external controller (e.g., the 
overall controller 226). In still further embodiments, the 
VFD 31 may be controlled by both the individual control 
device and the external controller. In any case, the VFD 31 
may be configured to adjust a speed at which the actuator 24 
opens and/or closes the choke valve 14. In some embodi­
ments, the VFD 31 may be configured to open and/or close 
the choke valve 14 in accordance with one or more control 
modes. For example, FIG. 7 is a schematic of a control 
device 250 ( e.g., the controller 226 and/or a separate control 
device of the VFD 31). 
[0046] As shown in the illustrated embodiment of FIG. 7, 
the control device 250 may include a processor 252 and a 
memory component 254. In some cases, the processor 252 
may be configured to execute instructions stored on the 
memory component 254. For example, the processor 252 
may be configured to execute instructions corresponding to 
one or more control modes based on feedback received from 
one or more components of the overall system (e.g., mineral 
extraction system). As shown in the illustrated embodiment 
of FIG. 7, the processor 252 may be configured to execute 
a slow open control mode 256, a slow close control mode 
258, a fast open control mode 260, a fast close control mode 
262, a variable speed control mode 264, and/or a choke 
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valve wear control mode 266. Accordingly, the control 
device 250 may execute one or more of the control modes 
256, 258, 260, 262, 264, and/or 266 to achieve a desired 
result ( e.g., a predetermined pressure of the fluid upstream 
of the choke valve 14). 
[0047] For example, the control device 250 may execute 
the slow open control mode 256 and/or the slow open 
control mode 258 when a speed at which the position of the 
choke valve 14 is adjusted may gradually increase and/or 
decrease. Accordingly, the control device 250 may open 
and/or close the choke valve 14 in accordance with a speed 
profile that includes gradual speed changes. Gradual speed 
changes may be desirable when operating conditions of the 
system are relatively stable, such that slow changes in the 
position of the choke valve 14 may enable the fluid-handling 
system 10 to achieve desired results. 
[0048] Additionally, the control device 250 may execute 
the fast open control mod 260 and/or the fast close control 
mode 262 when a speed at which the position of the choke 
valve 14 is adjusted may rapidly change. Accordingly, the 
control device 250 may open and/or close the valve 14 in 
accordance with a speed profile that includes rapid speed 
changes. The rapid speed changes may be desirable when 
operating conditions of the system change unexpectedly, 
thereby justifying quick changes in the position of the choke 
valve 14. 
[0049] The control device 250 may also be configured to 
vary the speed at which the position of the choke valve 14 
is adjusted in real time ( e.g., the variable speed control mode 
264). Accordingly, the speed at which the position of the 
choke valve 14 may constantly change based on feedback 
indicative of operating parameters of the system ( e.g., the 
speed at which the position of the choke valve 14 is adjusted 
is not determined from a predetermined speed profile, but 
based on feedback). 
[0050] Finally, the control device 250 may determine a 
condition of the choke valve 14 based at least on feedback 
received from the choke valve 14 and feedback indicative of 
other operating parameters of the system. In some embodi­
ments, when the control device 250 determines that the 
choke valve 14 has incurred wear, the control device 250 
may update one or more of the control modes, such that 
speeds and/or speed profiles reflect the current condition of 
the choke valve 14. 
[0051] In some cases, it may be desirable to open and/or 
close the choke valve 14 to adjust a pressure of a fluid 
upstream of the fluid-handling system 10. For example, FIG. 
8 is a flow chart of an embodiment of a process 280 
configured to open and/or close the choke valve 14 at a 
relatively slow speed (e.g., the slow open control mode 256 
and the slow close control mode 258). At block 282, the 
control device 250 may receive feedback indicative of a 
pressure of the fluid upstream of the fluid-handling system 
10 (e.g., from a pressure transducer or other pressure moni­
toring device). Accordingly, at block 284, the control device 
250 may compare the feedback indicative of the pressure of 
the fluid upstream of the fluid-handling system 10 (e.g., 
drilling fluid in a wellbore) to a first predetermined pressure 
range. For example, during managed pressure drilling 
(MPD) operations, it may be desirable to maintain a pressure 
of drilling fluid in a wellbore within a predetermined range. 
At block 285, the control device 250 may determine whether 
the feedback indicative of the pressure of the fluid upstream 
of the fluid-handling system 10 is within the first predeter-



IWS EXHIBIT 1006 EX_1006_018

US 2017 /0315566 Al 

mined pressure range. When the pressure of the fluid 
upstream of the fluid-handling system 10 is within the first 
predetermined pressure range, the control device 250 may 
take no action, such that a position of the actuator 24 is 
maintained, as shown at block 286. 
[0052] However, when a pressure of the fluid is outside of 
the first predetermined pressure range, the control device 
250 may send one or more signals to adjust a position of the 
actuator 24 ( e.g., to a closed position, a fully open position, 
or a partially open position based at least on a difference 
between the pressure of the fluid and the predetermined 
pressure range). For example, at block 288, the control 
device 250 may be configured to determine whether the 
pressure of the fluid upstream of the fluid-handling system 
10 is below a low pressure threshold of the first predeter­
mined pressure range. In other embodiments, the control 
device 250 may be configured to determine whether the 
pressure of the fluid upstream of the fluid-handling system 
10 is above a high pressure threshold of the first predeter­
mined pressure range. In still further embodiments, the 
control device 250 may be configured to determine whether 
pressure of the fluid upstream of the fluid-handling system 
10 is either above the high pressure threshold of the first 
predetermined pressure range and/or below the low pressure 
threshold of the first predetermined pressure range. 
[0053] At block 290, when the control device 250 deter­
mines that the pressure of the fluid upstream of the fluid­
handling system 10 is below the low pressure threshold of 
the first predetermined pressure range, the control device 
250 may send one or more signals to the VFD 31 and/or the 
actuator 24 to close the choke valve 14 (e.g., adjusting the 
choke valve 14 to a closed position may increase the 
pressure of the fluid upstream of the fluid-handling system 
10). For example, the control device 250 may send a signal 
to the VFD 31 to adjust a position of the choke trim 22 
toward the closed position at a first speed. Accordingly, the 
VFD 31 may send electricity at a first frequency to the motor 
27 included in the actuator 24 to operate at a predetermined 
speed, such that the actuator 24 moves the choke trim 22 at 
the first speed toward the closed position. 
[0054] In some embodiments, the first frequency sent by 
the VFD 31 may be proportional to the speed of the motor 
27. Additionally, the first speed (e.g., a speed profile and/or 
a speed curve) may be based at least on a difference between 
the low pressure threshold and the pressure of the fluid 
upstream of the fluid-handling system 10 (e.g., determined 
from the feedback received by the control device 250). In 
some embodiments, the first speed (e.g., a speed profile 
and/or a speed curve) may increase as the difference between 
the low pressure threshold and the pressure of the fluid 
upstream of the fluid-handling system 10 increases (e.g., the 
choke valve 14 is configured to close faster as the pressure 
of the fluid upstream of the fluid-handling system 10 grows 
further from the first predetermined pressure range). Simi­
larly, the first speed (e.g., a speed profile and/or a speed 
curve) may decrease as the difference between the low 
pressure threshold and the pressure of the fluid upstream of 
the fluid-handling system decreases ( e.g., the choke valve 14 
is configured to close slower as the pressure of the fluid 
upstream of the fluid-handling system 10 approaches the 
first predetermined pressure range). 
[0055] Similarly, at block 292, when the control device 
250 determines that the pressure of the fluid upstream of the 
fluid-handling system 10 is not below the low pressure 
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threshold of the first predetermined pressure range, the 
control device 250 may conclude that the pressure of the 
fluid upstream of the fluid-handling system 10 is above a 
high pressure threshold of the first predetermined pressure 
range. Accordingly, the control device 250 may send one or 
more signals to the VFD 31 and/or the actuator 24 to open 
the choke valve 14 (e.g., opening the choke valve 14 may 
reduce the pressure of the fluid upstream of the fluid­
handling system 10). For example, the control device 250 
may send a signal to the VFD 31 to open the choke valve 14 
at a second speed ( e.g., a speed profile and/or a speed curve). 
Accordingly, the VFD 31 may send electricity at a second 
frequency to the motor 27 included in the actuator 24 to 
operate at a predetermined speed, such that the actuator 24 
opens the choke valve 14 at the second speed (e.g., a speed 
profile and/or a speed curve). 
[0056] The second speed (e.g., a speed profile and/or a 
speed curve) may be based at least on a difference between 
the pressure of the fluid upstream of the fluid-handling 
system 10 (e.g., determined from the feedback received by 
the control device 250) and the high pressure threshold of 
the first predetermined pressure range. In some embodi­
ments, the second speed ( e.g., a speed profile and/or a speed 
curve) may increase as the difference between the pressure 
of the fluid upstream of the fluid-handling system 10 and the 
high pressure threshold increases ( e.g., the choke valve 14 is 
configured to open faster as the pressure of the fluid 
upstream of the fluid-handling system 10 grows further from 
the first predetermined pressure range). Similarly, the second 
speed (e.g., a speed profile and/or a speed curve) may 
decrease as the difference between the pressure of the fluid 
upstream of the fluid-handling system and the high pressure 
threshold decreases ( e.g., the choke valve 14 is configured to 
open slower as the pressure of the fluid upstream of the 
fluid-handling system 10 approaches the first predetermined 
pressure range). 
[0057] In certain embodiments, the control device 250 
may open the choke valve 14 to a first position based on the 
difference between the pressure of the fluid upstream of the 
fluid-handling system 10 and the high pressure threshold of 
the first predetermined pressure range. As the difference 
increases, the control device 250 may be configured to adjust 
the choke trim 22 toward a fully open position. When the 
choke valve 14 reaches the fully open position and the 
difference between the pressure of the fluid and the high 
pressure threshold is still relatively large, the control device 
250 may send one or more signals to additional components 
that may enable pressure regulation of the fluid upstream of 
the fluid-handling system 10 (e.g., a blow out preventer). 
[0058] In some cases, it may be desirable to increase a 
speed at which the choke valve 14 is opened and/or closed 
by the actuator 24. For example, when the pressure of the 
fluid upstream of the fluid-handling system 10 is outside of 
a second predetermined pressure range (e.g., the second 
predetermined pressure range includes the first predeter­
mined pressure range), it may be desirable to quickly adjust 
the position of the choke valve 14 to an open position and/or 
the closed position. FIG. 9 is a flow chart of an embodiment 
of a process 310 configured to open and/or close the choke 
valve 14 at a relatively fast speed (e.g., twice as fast, three 
times as fast, four times as fast, or more times as fast as the 
slow speed). 
[0059] At block 312, the control device 250 may receive 
feedback indicative of a pressure of the fluid upstream of the 
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fluid-handling system 10 (e.g., from a pressure transducer or 
other pressure monitoring device). At block 314, the control 
device 250 may be configured to determine that the feedback 
indicative of the pressure of the fluid upstream of the 
fluid-handling system 10 (e.g., drilling fluid in a wellbore) is 
outside of the first predetermined pressure range. Addition­
ally, at block 316, the control device 250 may then compare 
the pressure of the fluid upstream of the fluid-handling 
system 10 to a second predetermined pressure range, where, 
in some cases, the second predetermined pressure range 
includes the first predetermined pressure range. At block 
317, the control device 250 may determine whether the 
feedback indicative of the pressure upstream of the fluid­
handling system 10 is inside of the second predetermined 
pressure range. At block 318, when the pressure of the fluid 
upstream of the fluid-handling system 10 is within the 
second predetermined pressure range, but outside of the first 
predetermined pressure range, the control device 250 may 
execute the process 280, as discussed above with respect to 
FIG. 8. 
[0060] However, when the pressure of the fluid is outside 
of the second predetermined pressure range, the control 
device 250 may send one or more signals to adjust a position 
of the actuator 24 at an increased speed ( e.g., a speed profile 
and/or a speed curve) compared to when the pressure is 
outside of the first predetermined pressure range. For 
example, at block 320, the control device 250 may be 
configured to determine whether the pressure of the fluid 
upstream of the fluid-handling system 10 is below a low 
pressure threshold of the second predetermined pressure 
range. In other embodiments, the control device 250 may be 
configured to determine whether the pressure of the fluid 
upstream of the fluid-handling system 10 is above a high 
pressure threshold of the second predetermined pressure 
range. In still further embodiments, the control device 250 
may be configured to determine whether the pressure of the 
fluid upstream of the fluid-handling system 10 is either 
above the high pressure threshold of the second predeter­
mined pressure range and/or below the low pressure thresh­
old of the second predetermined pressure range. 
[0061] At block 322, when the control device 250 deter­
mines that the pressure of the fluid upstream of the fluid­
handling system 10 is below the low pressure threshold of 
the second predetermined pressure range, the control device 
250 may send one or more signals to the VFD 31 and/or the 
actuator 24 to adjust the choke valve 14 to the closed 
position at a relatively high speed ( e.g., closing the choke 
valve 14 may increase the pressure of the fluid upstream of 
the fluid-handling system 10). For example, the control 
device 250 may send a signal to the VFD 31 to close the 
choke valve 14 at a third speed (e.g., a speed profile and/or 
a speed curve), greater than the first speed (e.g., a speed 
profile and/or a speed curve). Accordingly, the VFD 31 may 
send electricity at a third frequency to the motor 27 included 
in the actuator 24 to operate at a predetermined speed, such 
that the actuator 24 closes the choke valve 14 at the third 
speed ( e.g., the third frequency may be at a higher frequency 
than the first frequency, thereby increasing the speed at 
which the choke valve 14 closes). 
[0062] In some embodiments, electricity at the third fre­
quency sent by the VFD 31 may be proportional to the speed 
of the motor 27. Additionally, the third speed (e.g., a speed 
profile and/or a speed curve) may be based at least on a 
difference between the low pressure threshold of the second 
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predetermined pressure range and the pressure of the fluid 
upstream of the fluid-handling system 10 (e.g., determined 
from the feedback received by the control device 250). In 
some embodiments, the third speed ( e.g., a speed profile 
and/or a speed curve) may increase as the difference between 
the low pressure threshold and the pressure of the fluid 
upstream of the fluid-handling system 10 increases (e.g., the 
choke valve 14 is configured to close more quickly as the 
pressure of the fluid upstream of the fluid-handling system 
10 grows further from the first predetermined pressure 
range). 

[0063] Moreover, calculation of the third speed (e.g., a 
speed profile and/or a speed curve) may include a first factor 
greater than a second factor utilized to calculate the first 
speed (e.g., a speed profile and/or a speed curve). For 
example, when the pressure of the fluid upstream of the 
fluid-handling system 10 is outside of the second predeter­
mined pressure range, the third speed ( e.g., a speed profile 
and/or a speed curve) may be calculated by multiplying the 
difference between the low pressure threshold of the second 
predetermined pressure range and the pressure of the fluid 
upstream of the fluid-handling system 10 by the first factor 
( e.g., two, three, four, five, or more), whereas the first speed 
( e.g., a speed profile and/or a speed curve) may be calculated 
by multiplying the difference between the low pressure 
threshold of the first predetermined pressure range and the 
pressure of the fluid upstream of the fluid-handling system 
by the second factor (e.g., 0.5, 1, or 1.5). 

[0064] At block 324, when the control device 250 deter­
mines that the pressure of the fluid upstream of the fluid­
handling system 10 is not below the low pressure threshold 
of the second predetermined pressure range, the control 
device 250 may conclude that the pressure of the fluid 
upstream of the fluid-handling system 10 is above a high 
pressure threshold of the second predetermined pressure 
range. Accordingly, the control device 250 may send one or 
more signals to the VFD 31 and/or the actuator 24 to adjust 
a position the choke valve 14 to an open position (e.g., 
opening the choke valve 14 to a fully open position or a 
partially open position to reduce the pressure of the fluid 
upstream of the fluid-handling system 10). For example, the 
control device 250 may send a signal to the VFD 31 to open 
the choke valve 14 at a fourth speed (e.g., a speed profile 
and/or a speed curve). Accordingly, the VFD 31 may send 
electricity at a fourth frequency to the motor 27 included in 
the actuator 24 to operate at a predetermined speed, such that 
the actuator 24 opens the choke valve 14 at the fourth speed 
( e.g., the fourth frequency may be at a higher frequency than 
the second frequency, thereby increasing the speed at which 
the choke valve 14 opens). 

[0065] The fourth speed ( e.g., a speed profile and/or a 
speed curve) may be based at least on a difference between 
the pressure of the fluid upstream of the fluid-handling 
system 10 (e.g., determined from the feedback received by 
the control device 250) and the high pressure threshold of 
the second predetermined pressure range. In some embodi­
ments, the fourth speed ( e.g., a speed profile and/or a speed 
curve) may increase as the difference between the pressure 
of the fluid upstream of the fluid-handling system 10 and the 
high pressure threshold increases ( e.g., the choke valve 14 is 
configured to open more quickly as the pressure of the fluid 
upstream of the fluid-handling system 10 grows further from 
the second predetermined pressure range). 
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[0066] Moreover, calculation of the fourth speed may 
include a third factor greater than a fourth factor used to 
calculate the second speed. For example, when the pressure 
of the fluid upstream of the fluid-handling system 10 is 
outside of the second predetermined pressure range, the 
fourth speed ( e.g., a speed profile and/or a speed curve) may 
be calculated by multiplying the difference between the 
pressure of the fluid upstream of the fluid-handling system 
10 and the high pressure threshold of the second predeter­
mined pressure range by third factor (e.g., two, three, four, 
five, or more), whereas the second speed (e.g., a speed 
profile and/or a speed curve) may be calculated by multi­
plying the difference between the pressure of the fluid 
upstream of the fluid-handling system and the high pressure 
threshold of the first predetermined pressure range by the 
fourth factor (e.g., 0.5, 1, or 1.5). 
[0067] In some embodiments, the control device 250 may 
determine a position of the choke valve 14 based on the 
difference between the pressure of the fluid upstream of the 
fluid-handling system 10 and the high pressure threshold of 
the second predetermined pressure range. As the difference 
increases, the control device 250 may be configured to adjust 
the choke trim 22 toward a fully open position. When the 
choke valve 14 reaches the fully open position and the 
difference between the pressure of the fluid and the high 
pressure threshold is still relatively large, the control device 
250 may send one or more signals to additional components 
that may enable pressure regulation of the fluid upstream of 
the fluid-handling system 10 (e.g., a blow out preventer). 
[0068] Additionally, in some embodiments, it may be 
desirable to continuously adjust the speed in real time based 
on feedback or a predetermined speed profile at which the 
actuator 24 opens and/or closes the choke valve 14. For 
example, FIG. 10 is a flow chart of an embodiment of a 
process 340 configured to open and/or close the choke valve 
14 at varying speeds (e.g., the variable speed control mode 
264) to achieve a desired pressure of the fluid upstream of 
the fluid-handling system 10. 
[0069] At block 342, the control device 250 may receive 
feedback indicative of the pressure of the fluid upstream of 
the fluid-handling system 10 (e.g., from a pressure trans­
ducer or other pressure monitoring device). At block 344, 
the control device 250 may be configured to compare the 
pressure of the fluid upstream of the fluid-handling system 
10 to a predetermined pressure range. For example, it may 
be desirable to maintain the pressure of the fluid upstream of 
the fluid-handling system 10 at a certain level such that 
conditions in a well bore are substantially consistent through­
out drilling operations. At block 346, the control device 250 
may determine whether the pressure of the fluid upstream of 
the fluid-handling system 10 is substantially equal to (e.g., 
within five percent of) the predetermined pressure range 
( e.g., substantially equal to a low pressure threshold of the 
predetermined pressure range and/or a high pressure thresh­
old of the predetermined pressure range). At block 348, 
when the pressure of the fluid upstream of the fluid-handling 
system 10 is substantially equal to ( e.g., within five percent 
of) the predetermined pressure range, the control device 250 
may not take action, such that a position of the choke valve 
14 is maintained. 
[0070] However, at block 350, when the pressure of the 
fluid upstream of the fluid-handling system 10 is not sub­
stantially equal to (e.g., within five percent, within ten 
percent, within fifteen percent of) the predetermined pres-
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sure range, the control device 250 may be configured to 
determine whether the pressure of the fluid upstream of the 
fluid-handling system 10 is below the predetermined pres­
sure range. In other embodiments, the control device 250 
may be configured to determine whether the pressure of the 
fluid upstream of the fluid-handling system 10 is above the 
predetermined pressure range. In still further embodiments, 
the control device 250 may be configured to determine 
whether pressure of the fluid upstream of the fluid-handling 
system 10 is either above the predetermined pressure range 
and/or below the predetermined pressure range. 

[0071] At block 352, when the control device 250 deter­
mines that the pressure of the fluid upstream of the fluid­
handling system 10 is below the predetermined pressure 
range (e.g., a lower threshold of the predetermined pressure 
range), the control device 250 may send one or more signals 
to the VFD 31 and/or the actuator 24 to close the choke valve 
14 ( e.g., adjust the choke valve 14 to a first position that may 
lead to an increase in pressure of the fluid upstream of the 
fluid-handling system 10). For example, the control device 
250 may send a signal to the VFD 31 to adjust the choke trim 
22 to the first position at a first speed. Accordingly, the VFD 
31 may send electricity at a first frequency to the motor 27 
included the actuator 24 to operate at a predetermined speed, 
such that the actuator 24 moves the choke trim 22 at the first 
speed toward the first position. 

[0072] The first speed (e.g., a speed profile and/or a speed 
curve) may be based at least on a difference between the 
predetermined pressure range and the pressure of the fluid 
upstream of the fluid-handling system 10 (e.g., determined 
from the feedback received by the control device 250). In 
some embodiments, the first speed ( e.g., a speed profile 
and/or a speed curve) may increase as the difference between 
the predetermined pressure range and the pressure of the 
fluid upstream of the fluid-handling system 10 increases 
(e.g., the choke valve 14 is configured to move to the first 
position faster as the pressure of the fluid upstream of the 
fluid-handling system 10 grows further from the predeter­
mined pressure range). Similarly, the first speed (e.g., a 
speed profile and/or a speed curve) may decrease as the 
difference between the predetermined pressure range and the 
pressure of the fluid upstream of the fluid-handling system 
10 decreases (e.g., the choke valve 14 is configured to move 
to the first position slower as the pressure of the fluid 
upstream of the fluid-handling system 10 approaches the 
predetermined pressure range). 

[0073] Similarly, at block 354, when the control device 
250 determines that the pressure of the fluid upstream of the 
fluid-handling system 10 is not below the predetermined 
pressure range, the control device 250 may conclude that the 
pressure of the fluid upstream of the fluid-handling system 
10 is above the predetermined pressure range (e.g., the high 
pressure threshold of the predetermined pressure range). 
Accordingly, the control device 250 may send one or more 
signals to the VFD 31 and/or the actuator 24 to open the 
choke valve 14 toward a second position (e.g., opening the 
choke valve 14 may reduce the pressure of the fluid 
upstream of the fluid-handling system 10). For example, the 
control device 250 may send a signal to the VFD 31 to adjust 
the choke valve 14 to the second position at a second speed. 
Accordingly, the VFD 31 may send electricity at a second 
frequency to the motor 27 included in the actuator 24 to 
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operate at a predetermined speed, such that the actuator 24 
adjusts the choke valve 14 to the second position at the 
second speed. 
[0074] The second speed (e.g., a speed profile and/or a 
speed curve) may be based at least on a difference between 
the pressure of the fluid upstream of the fluid-handling 
system 10 (e.g., determined from the feedback received by 
the control device 250) and the predetermined pressure 
range ( e.g., the high pressure threshold of the predetermined 
pressure range). In some embodiments, the second speed 
(e.g., a speed profile and/or a speed curve) may increase as 
the difference between the pressure of the fluid upstream of 
the fluid-handling system 10 and the predetermined pressure 
range increases (e.g., the choke valve 14 is configured to 
move to the second position faster as the pressure of the fluid 
upstream of the fluid-handling system 10 grows further from 
the predetermined pressure range). Similarly, the second 
speed (e.g., a speed profile and/or a speed curve) may 
decrease as the difference between the pressure of the fluid 
upstream of the fluid-handling system and the predetermined 
pressure range decreases (e.g., the choke valve 14 is con­
figured to move to the second position slower as the pressure 
of the fluid upstream of the fluid-handling system 10 
approaches the predetermined pressure range). 
[0075] Further, at block 356, the control device 250 may 
be configured to compare the pressure of the fluid upstream 
of the fluid-handling system 10 to the predetermined pres­
sure range when the choke valve 14 is at the new position. 
If the pressure of the fluid upstream of the fluid-handling 
system 10 is substantially equal to the predetermined pres­
sure range, the control device 250 may take no action, such 
that the position of the choke valve 14 is maintained. 
However, if the pressure of the fluid upstream of the 
fluid-handling system 10 is not substantially equal to the 
predetermined pressure range, the control device may return 
to block 350 to adjust a position of the choke valve at a third 
speed such that the pressure of the fluid may reach the 
predetermined pressure range. 
[0076] As discussed above, it may be desirable to monitor 
adjustments of the choke valve 14 with the VFD 31 to 
determine a condition of the choke valve 14 ( e.g., an amount 
of wear on the choke valve 14). For example, FIG. 11 is a 
flow chart of an embodiment of a process 370 that may be 
utilized to determine a condition of the choke valve 14 (e.g., 
the choke valve wear mode 266). In some embodiments, the 
process 370 may be substantially similar to the process 340 
with additional steps that may enable the control device 250 
to determine a condition of the choke valve 14. For example, 
when the control device 250 determines that the pressure of 
the fluid upstream of the fluid-handling system 10 is not 
substantially equal to the predetermined pressure set point at 
block 356, the control device 250 may then receive feedback 
from a position sensor indicative of a position of the choke 
trim 22 in the choke valve 14, as shown at block 372. 
[0077] At block 374, the control device 250 may deter­
mine whether the position of the choke trim 22 in the choke 
valve 14 is in a predetermined position. For example, the 
predetermined position of the choke trim 22 may be based 
at least on the predetermined pressure range of the fluid 
upstream of the fluid-handling system 10. In certain embodi­
ments, the control device 250 may also take in other 
operating parameters of the system when adjusting the 
position of the choke trim 22 to a new position correspond­
ing to a given pressure of the fluid upstream of the fluid-
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handling system 10. Accordingly, the control device 250 
may be configured to compare the position of the choke trim 
22 in the choke valve 14 to the predetermined position of the 
choke valve 14 for the predetermined pressure range. 
[0078] If the control device 250 determines that the posi­
tion of the choke trim 22 is substantially equal to (e.g., 
within five percent, within ten percent, within fifteen percent 
of) the predetermined position, the control device 250 may 
determine that wear has occurred to the choke valve 14, as 
shown at block 376. In certain embodiments, when the 
choke trim 22 is in the predetermined position, but the 
pressure of the fluid upstream of the fluid-handling system 
10 is not substantially equal to (e.g., within five percent, 
within ten percent, within fifteen percent of) the predeter­
mined pressure range, wear may have occurred to the choke 
valve 14 ( e.g., the choke trim 22 is in the proper position, but 
the choke valve 14 is not achieving the desired result). 
Accordingly, the operator of the fluid-handling system 10 
may determine whether maintenance should be performed 
on the choke valve 14. 
[0079] However, when the position of the choke trim 22 is 
not in the predetermined position and the pressure of the 
fluid upstream of the fluid-handling system 10 is not sub­
stantially equal to (e.g., within five percent of) the prede­
termined pressure range, the actuator 24 may not be moving 
the position of the choke valve 14 effectively ( e.g., one or 
more components of the actuator 24 and/or the choke valve 
14 are sticking). Accordingly, in such situations, the condi­
tion of the actuator 24 and/or connections between the 
actuator 24 and the choke valve 14 may be assessed to 
determine whether such components are functioning prop­
erly to adjust the position of the choke valve 14. 
[0080] Additionally, in some embodiments, when the con­
trol device 250 determines the condition of the choke valve 
14, the control device 250 may be configured to adjust 
parameters of the other control modes 256, 258, 260, 262, 
and/or 264 to account for the wear experienced by the choke 
valve 14. For example, when the control modes 256, 258, 
260, 262, and/or 264 include predetermined speed profiles 
that adjust the position of the choke valve 14, the control 
device 14 may alter such speed profiles based on the 
condition of the choke valve 14 determined at block 376. 
[0081] Moreover, the control device 250 may be config­
ured to adjust signals sent to the VFD 31 and/or the actuator 
24 in real time based on the condition of the choke valve 14. 
For example, the control device 250 may utilize feedback 
indicative of operating parameters of the system to learn the 
speeds and/or speed profile at which the position of the 
choke valve 14 should be adjusted to minimize wear. The 
control device may thus alter speeds and/or speed profiles of 
the control modes to minimize wear that may occur to the 
choke valve 14 based on current operating conditions (e.g., 
fluid viscosity, solids content, gas content, liquid content, 
water/moisture content, etc.) of the system. Accordingly, a 
life of the choke valve 14 may be extended by minimizing 
wear to the choke valve 14. 
[0082] Additionally, it should be noted that while the 
present discussion focuses on adjusting a position of a single 
choke valve 14, embodiments of the present disclosure may 
apply to fluid-handling systems 10 that include more than 
one choke valve 14. 
[0083] 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 
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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. 

1. A system, comprising: 
a choke valve; 
an actuator coupled to the choke valve and configured to 

adjust a position of the choke valve to control a flow 
rate of fluid from a wellbore; 

a variable frequency drive coupled to the actuator and 
configured to adjust a speed at which the actuator 
adjusts the position of the choke valve; and 

a controller configured to: 
receive first feedback indicative of a fluid pressure 

upstream of the choke valve; 
compare the first feedback indicative of the fluid pres­

sure upstream of the choke valve to a first predeter­
mined pressure range; and 

instruct the variable frequency drive to send electricity 
to the actuator at a first frequency when the first 
feedback indicative of the fluid pressure upstream of 
the choke valve is outside of the first predetermined 
pressure range, wherein the variable frequency drive 
is configured to control a speed of movement and a 
direction of the actuator such that the actuator adjusts 
the position of the choke valve to a first position at 
a first speed of movement, and wherein the first 
speed of movement is based at least on a difference 
between the first feedback indicative of the fluid 
pressure upstream of the choke valve and the first 
predetermined pressure range. 

2. The system of claim 1, wherein the controller is 
configured to: 

compare the first feedback indicative of the fluid pressure 
upstream of the choke valve to a second predetermined 
pressure range when the first feedback indicative of the 
fluid pressure upstream of the choke valve is outside of 
the first predetermined pressure range; and 

instruct the variable frequency drive to send electricity to 
the actuator at a second frequency when the first 
feedback indicative of the fluid pressure upstream of 
the choke valve is outside of the second predetermined 
pressure range, wherein the variable frequency drive is 
configured to control the speed of movement and the 
direction of the actuator such that the actuator adjusts 
the position of the choke valve to a second position at 
a second speed of movement, and wherein the second 
speed of movement is different from the first speed of 
movement and is based at least on a difference between 
the first feedback indicative of the fluid pressure 
upstream of the choke valve and the second predeter­
mined pressure range. 

3. The system of claim 1, wherein the controller is 
configured to instruct the variable frequency drive, the 
actuator, or both to maintain a position of the choke valve 
when the first feedback indicative of the fluid pressure 
upstream of the choke valve is within the first predetermined 
pressure range. 

4. The system of claim 1, wherein the controller is 
configured to: 
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receive second feedback indicative of the fluid pressure 
upstream of the choke valve after the actuator adjusts 
the position of the choke valve at the first speed of 
movement; 

compare the second feedback indicative of the fluid 
pressure upstream of the choke valve to the first pre­
determined pressure range; and 

instruct the variable frequency drive to send electricity to 
the actuator at a second frequency when the second 
feedback indicative of the fluid pressure upstream of 
the choke valve is outside of the first predetermined 
pressure range, wherein the variable frequency drive is 
configured to control the speed of movement and the 
direction of the actuator such that the actuator adjusts 
the position of the choke valve to a second position at 
a second speed of movement, and wherein the second 
speed of movement is based at least on a difference 
between the second feedback indicative of the fluid 
pressure upstream of the choke valve and the first 
predetermined pressure range. 

5. The system of claim 1, wherein the controller is 
configured to: 

receive second feedback indicative of the fluid pressure 
upstream of the choke valve after the actuator adjusts 
the position of the choke valve at the first speed of 
movement; 

compare the second feedback indicative of the fluid 
pressure upstream of the choke valve to the first pre­
determined pressure range; 

receive third feedback indicative of a position of the 
choke valve when the second feedback indicative of the 
fluid pressure upstream of the choke valve is outside of 
the first predetermined pressure range; 

compare the third feedback indicative of the position of 
the choke valve to a predetermined choke valve posi­
tion; and 

determine a condition of the choke valve when the third 
feedback indicative of the position of the choke valve 
is substantially equal to the predetermined choke valve 
position. 

6. The system of claim 5, wherein the predetermined 
choke valve position is based at least on the first predeter­
mined pressure range. 

7. The system of claim 1, wherein the variable frequency 
drive and the actuator are coupled to a shared power supply. 

8. The system of claim 1, wherein the variable frequency 
drive is coupled to the controller via a communications bus 
of a mineral extraction system. 

9. The system of claim 1, wherein the choke valve is a 
gate and seat choke valve. 

10. The system of claim 1, wherein the choke valve is a 
floating sleeve choke valve. 

11. A system, comprising: 
a controller configured to: 

receive first feedback indicative of a fluid pressure 
upstream of a choke valve, wherein a position of the 
choke valve is configured to be adjusted by an 
actuator coupled to the choke valve; 

compare the first feedback indicative of the fluid pres­
sure upstream of the choke valve to a first predeter­
mined pressure range; and 

instruct a variable frequency drive coupled to the 
actuator to send electricity to the actuator at a first 
frequency when the feedback indicative of the fluid 
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pressure upstream of the choke valve is outside of 
the first predetermined pressure range, wherein the 
actuator is instructed to adjust the position of the 
choke valve to a first position at a first speed of 
movement, and wherein the first speed of movement 
is based at least on a difference between the feedback 
indicative of the fluid pressure upstream of the choke 
valve and the first predetermined pressure range. 

12. The system of claim 11, wherein the controller is 
configured to: 

compare the first feedback indicative of the fluid pressure 
upstream of the choke valve to a second predetermined 
pressure range when the first feedback indicative of the 
fluid pressure upstream of the choke valve is outside of 
the first predetermined pressure range; and 

instruct the variable frequency drive to send electricity to 
the actuator at a second frequency when the first 
feedback indicative of the fluid pressure upstream of 
the choke valve is outside of the second predetermined 
pressure range, wherein the actuator is instructed to 
adjust the position of the choke valve to a second 
position at a second speed of movement, and wherein 
the second speed of movement is different from the first 
speed of movement and is based at least on a difference 
between the first feedback indicative of the fluid pres­
sure upstream of the choke valve and the second 
predetermined pressure range. 

13. The system of claim 11, wherein the controller is 
configured to instruct the variable frequency drive, the 
actuator, or both to maintain a position of the choke valve 
when the first feedback indicative of the fluid pressure 
upstream of the choke valve is within the first predetermined 
pressure range. 

14. The system of claim 11, wherein the controller is 
configured to: 

receive second feedback indicative of the fluid pressure 
upstream of the choke valve after the actuator adjusts 
the position of the choke valve at the first speed of 
movement; 

compare the second feedback indicative of the fluid 
pressure upstream of the choke valve to the first pre­
determined pressure range; and 

instruct the variable frequency drive to send electricity to 
the actuator at a second frequency when the second 
feedback indicative of the fluid pressure upstream of 
the choke valve is outside of the first predetermined 
pressure range, wherein the actuator is instructed to 
adjust the position of the choke valve to a second 
position at a second speed of movement, and wherein 
the second speed of movement is based at least on a 
difference between the second feedback indicative of 
the fluid pressure upstream of the choke valve and the 
first predetermined pressure range. 

15. The system of claim 11, wherein the controller is 
configured to: 

receive second feedback indicative of the fluid pressure 
upstream of the choke valve after the actuator adjusts 
the position of the choke valve at the first speed of 
movement; 

compare the second feedback indicative of the fluid 
pressure upstream of the choke valve to the first pre­
determined pressure range; 

receive third feedback indicative of a position of the 
choke valve when the second feedback indicative of the 
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fluid pressure upstream of the choke valve is outside of 
the first predetermined pressure range; 

compare the third feedback indicative of the position of 
the choke valve to a predetermined choke valve posi­
tion; and 

determine a condition of the choke valve when the third 
feedback indicative of the position of the choke valve 
is substantially equal to the predetermined choke valve 
position. 

16. A method, comprising: 
receiving, via a sensor, first feedback indicative of a fluid 

pressure upstream of a choke valve from the sensor; 
comparing the first feedback indicative of the fluid pres­

sure upstream of the choke valve to a first predeter­
mined pressure range; 

maintaining a position of a choke valve when the first 
feedback indicative of the fluid pressure upstream of 
the choke valve is within the first predetermined pres­
sure range; and 

adjusting a position of the choke valve to a first position 
at a first speed of movement when the first feedback 
indicative of the fluid pressure upstream of the choke 
valve is outside of the first predetermined pressure 
range, wherein adjusting the position of the choke 
valve comprises sending electricity at a first frequency 
from a variable frequency drive to an actuator config­
ured to adjust the position of the choke valve to the first 
position, wherein the variable frequency drive is con­
figured to instruct the actuator to adjust the choke valve 
at the first speed of movement, and wherein the first 
speed of movement is based at least on a difference 
between the first feedback indicative of the pressure of 
the fluid upstream of the choke valve and the first 
predetermined pressure range. 

17. The method of claim 16, comprising: 
comparing the first feedback indicative of the fluid pres­

sure upstream of the choke valve to a second prede­
termined pressure range when the first feedback indica­
tive of the fluid pressure upstream of the choke valve is 
outside of the first predetermined pressure range; and 

sending electricity at a second frequency from the vari­
able frequency drive to the actuator to adjust the 
position of the choke valve to a second position at a 
second speed of movement when the first feedback 
indicative of the fluid pressure upstream of the choke 
valve is outside of the second predetermined pressure 
range, wherein the variable frequency drive is config­
ured to instruct the actuator to adjust the choke valve at 
the second speed of movement, and wherein the second 
speed of movement is based at least on a difference 
between the first feedback indicative of the pressure of 
the fluid upstream of the choke valve and the second 
predetermined pressure range. 

18. The method of claim 16, comprising instructing the 
variable frequency drive, the actuator, or both to maintain a 
position of the choke valve when the first feedback indica­
tive of the fluid pressure upstream of the choke valve is 
within the first predetermined pressure range. 

19. The method of claim 16, comprising: 
receiving second feedback indicative of the fluid pressure 

upstream of the choke valve after the actuator adjusts 
the position of the choke valve at the first speed of 
movement; 
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comparing the second feedback indicative of the fluid 
pressure upstream of the choke valve to the first pre­

determined pressure range; and 

sending electricity at a second frequency from the vari­

able frequency drive to the actuator to adjust the 

position of the choke valve to a second position at a 

second speed of movement when the second feedback 

indicative of the fluid pressure upstream of the choke 
valve is outside of the first predetermined pressure 

range, wherein the variable frequency drive is config­

ured to instruct the actuator to adjust the choke valve at 

the second speed of movement, and wherein the second 

speed of movement is based at least on a difference 

between the second feedback indicative of the pressure 
of the fluid upstream of the choke valve and the first 
predetermined pressure range. 
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20. The method of claim 16, comprising: 
receiving second feedback indicative of the fluid pressure 

upstream of the choke valve after the actuator adjusts 
the position of the choke valve at the first speed of 
movement; 

comparing the second feedback indicative of the fluid 
pressure upstream of the choke valve to the first pre­
determined pressure range; 

receiving third feedback indicative of a position of the 
choke valve when the second feedback indicative of the 
fluid pressure upstream of the choke valve is outside of 
the first predetermined pressure range; 

comparing the third feedback indicative of the position of 
the choke valve to a predetermined choke valve posi­
tion; and 

determining a condition of the choke valve when the third 
feedback indicative of the position of the choke valve 
is substantially equal to the predetermined choke valve 
position. 

* * * * * 


