DETACHABLE ELECTRICAL ACTUATOR

CROSS REFERENCE TO RELATED APPLICATIONS

[0001]  This application claims priority to and the benefit of co-pending U.S.
Provisional Application Ser. No. 61/031,847 filed February 27th, 2008, the full

disclosure of which is hereby incorporated by reference herein.

1. Field of Invention

[0002] This invention relates in general to production of oil and gas wells, and in

particular to a modular electrical actuator for use with a subsea wellhead.

2. Description of Prior Art

[0003] Systems for producing oil and gas from subsea wellbores typically include a
subsea Wellh_ead assembly that includes a wellhead housing attached at a wellbore
opening, where the wellbore extends through one or more hydrocarbon producing
formations. Casing and tubing hangers are landed within the housing for supporting
casing and production tubing inserted into the wellbore. The casing lines the wellbore,
thereby isolating the wellbore from the surrounding formation. Tubing typically lies
concentric within the casing and provides a conduit for producing the hydrocarbons

entrained within the formation.

[0004] Wellhead assemblies also typically include a production tree connecting to
the upper end of the wellhead housing. The production tree controls and distributes the
fluids produced from the wellbore. Valves assemblies are typically provided within

wellhead production trees for controlling the flow of oil or gas from a wellhead and/or
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for controlling circulating fluid flow in and out of a wellhead. Gate valves and other
sliding stem-type valves have a valve member or disc and operate by selectively moving
the stem to insert/remove the valve member into/from the flow of fluid to stop/allow the

flow when desired.

SUMMARY OF INVENTION

[0005]  The present disclosure includes a subsea system for producing hydrocarbons
comprisinga subsea production tree in fluid communication with a wellbore, an element
in the production tree moveable between at least a first position and a second position, a
selectively removable actuation module coupled with the productiqn tree having a drive
member selectively coupled with the element in the production tree, and a fail safe
system in a first configuration coupled to the element in its first position and a second
configuration coupled to the element in its second position. The actuation can comprise,
a motor, a rotatable drive shaft extending from the motor and a coupling system
attached on one end to the drive shaft and on the other end to the member. Energizing
fhe motor can selectively move the element between the first and second position. The
fail safe system CAN include a spring connected to the element that is compressible
with element movement into the second position and uncompressible to move the
element into a fail safe pdsition. The element can be a valve member, a choke, or a
piston. A detent can be included that is in selective anchoring engagement with the
drive member. Also optionally included is a fastener on the actuation module
selectively attachable and detachable with a fastening element on the production tree.

The actuation module can include a motor and a drive shaft selectively coupled with the
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motor. The system includes a detachable configuration where the motor is detached
from the production tree, where the motor and drive shaft are detached from the
production tree, and a motion translator coupled with the drive shaft where the motor,

drive shaft, and motion translator are detached from the production tree.

[0006]  Also includes is a method of operating a subsea production tree, where the
tree includes a selectively moveable element. In one embodiment a selectively
removable actuating device is provided in mechanical cooperation with the moveable

element; the actuating device is removed, and the moveable element moved into a fail

safe position.
- Brief Description of the Drawings:

[0007]  Figure 1 is a side view of a subsea production tree having modular actuators.

[0008]  Figures 2a—2c illustrate in side cross sectional view modular attachment and

detachment of an embodiment of an electrically driven actuator.

[0009]  Figures 3a and 3b illustrate in side cross sectional view modular attachment

and detachment of an alternative embodiment of an electrically driven actuator.

[0010]  Figures 4a and 4b illustrate in side view cross sectional modular attachment

and detachment of another embodiment of an electrically driven actuator.

[0011]  Figure 5 is a side partial sectional view of an embodiment of a modular

actuator.

[0012]  Figure 6 is an overhead view of a drive nut of Figure 5.
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Detailed Description of the Invention

[0013] The present invention will now be described more fully hereinafter with
reference to the accompanying drawings in which embodiments of the invention are
shown. This invention may, however, be embodied in many different forms and should
not be construed as limited to the illustrated embodiments set forth herein; rather, these
embodiments are provided so that this disclosure will be thorough and complete, and
will fully convey the scope of the invention to those skilled in the art. Like numbers
refer to like elements throughout. For the convenience in refefring to the accompanying
figures, directional terms are used for reference and illustration only. For example, the
directional terms such as "upper”, "Ibwer", "above", "below", and the like are being
used to illustrate a relational location.

[0014] It is to be understood that the invention is not limited to the exact details of
construction, operation, exact materials, or embodiments shown and described, as
modifications and equivalents will be apparent to one skilled in the art. Inthe drawings
and specification, there have been disclosed illustrative embodiments of the invention
and, although specific terms are employed, they are used in a generic and descriptive
sense only and not for the purpose of limitation. Accordingly, the invention is therefore
to be limited only by the scope of the appended claims.

[0015] Withreference now to Figure 1, a subsea production tree 20 is schematically
illustrated in a side view. The tree 20 is secured to the sea floor 3 over a hydrocarbon
producing wellbore 5. Hydrocarbons produced from the wellbore 5 are directed through

the tree 20 to a delivery flowline 7 shown extending from the subsea production tree 20
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housing 22. As shown, the housing 22 includes a series of laterally disposed manifold
ports 24. Valves are disposed within the manifold ports 24, as well as the main vertical
production bore. The production tree 20 is shown further comprising actuator modules
26 coupled with each of the manifold ports 24 for driving the valves therein. Lines 28
connect to the actuator modules 26 configured for providing power and/or control to the
actuator modules 26. Connections for the lines 28 may comprise an integral electrical
supply cable pigtail. Embodiments of the actuator modules 26 include a power source,
such as an electrical motor, and a transmission system for transmitting force from the
motor output to valves requiring actuation. The actuator modules 26 are replaceable
within the production tree 20, for example by a remotely operated vehicle (ROV) 50.
An umbilical 52 is shown attached to the ROV 50 for providing power and control
signals to the ROV 50. The ROV 50 can also manipulate the tree 20 using a hydraulic

over-ride tool.

[0016] Figure 2a shows an exploded view of an actuator module 26 embodiment
combined with a subsea production tree 20a. The tree 20a shown includes a valve
having a body 46 with a through bore 23; that can be closed off by gate 55 moving
between open and closed positions to align aperture 56 with the bore 23. The gate 55
may be moved linearly by an attached stem 44 shown guided by a bonnet 42. The
opposite end of the stem 44 extends into a housing 38 shown attached on the bonnet 42
upper end. A down stop collar 40 is shown affixed on the stem 44 upper end, the collar
40 limits downward stem 44 travel and can provide an attachment point on its upper

end. A collar 25 in the housing 38 includes an outwardly extending ridge on its upper
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end and an inwardly reaching bead on its lower end. An outer spring 29 is coaxially
disposed in the housing 38 spanning from the annular space between the collar 25 and
the housing 38 to the housing 38 bottom. The spring 29 upper end contacts the collar
25 ridge. An inner spring 27 is shown seated in the housing 38 circumécribed by the

outer spring 29 with its upper end bounded by the collar 25 bead.

[0017] A motor 30 with attached shaft 35 and motion translator 34 is included in the
actuator module of Figure 2a. Energizing the motor 30 rotates the shaft 35 within the
motion translator 34; the motion translator 34, which is schematically illustrated,
converts the shaft's 35 rotational motion into linear motion. A ball screw is an example
of a motion translator 34 suitable for use in the device described herein. A detent 41
is schematically depicted with the motor 30 and the shaft 35. As described in greater
detail below, the detent 41 selectively holds the shaft 35 stationary in the power off
condition. On receipt (or absence depending on control system configuration) of a
suitable signal, the detent 41 may be configured to release, allowing the motor 30 to
backdrive. An annular adapter 37 is provided having an upper end adapted to be
mounted on the motor 35 housing circumscribing the drive shaft 35 base. The adapter
37 lower end includes a clamp profile 57 extending radially outward and along the
adapter 37 periphery.

[0018]  With reference now to Figure 2b, an assembled embodiment of the actuator
module 26 is shown in a side sectional view illustrating a thrust coupling 69

mechanically connected to the stem 44 via the down stop collar 40. The thrust coupling

69 includes upwardly extending legs 71 with enlarged tips shown coaxially within the
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collar 25 bead. In this configuration the thrust coupling 69 is secured with the collar 25.
A sleeve 39 has an upper portion contoured to fit within collar 25, and a lower smaller
diameter portion that extends downward to the down stop collar 40. The sleeve 39
includes dogs 67 on its lower end spanning radially inward towards the thrust coupling
69. An open region between the motion translator 34 and the sleeve 39 is flushable
after mating to replace potentially harmful seawater with a benign fluid. The open
region may also be connected to an actuator volume and hyperbaric pressure

compensation system.

[0019]  The motor 30 assembly can be coupled to the valve assembly 42 by mating
the sleeve 39 and adapter 37 together by adding clamps 48 to their respective clamp
profiles 57, 59. The clamp 48 can fit over and couple the profiles 57, 59 thereby
affixing the sleeve 39 and adapter 37 which in turn mechanically couples the motion
translator 34 and the valve assembly 42. Energizing the motor assembly 30
configuration of Figure 2b actuates the motion translator 34 for opening or closing the
gate valve 55 within the valve body 46. The actuator assembiy is not limited to
operating valves but can power any type of hardware now or later used within a subsea
production tree assembly. Also as previously noted, power and/or control for operating
or energizing the motor 30 can be provided via the line 28 shown attached to the

connector 32.

[0020]  Coupling the springs 27, 29 with the valve stem 44 and selectively allowing
the motor 30 to backdrive provides a fail safe position for the valve. For example, in

the embodiment of Figures 2a-2c¢, the valve is illustrated in a closed position with its
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aperture 56 unregistered with the valve bore 23. Energizing the motor 30 rotates the
shaft 35 within the ball screw to push the valve stem 44 and gate 55 so the aperture 56
aligns with the bore 23. This motion also downwardly pushes the collar 25 to compress
the springs 27, 29. The motor 30 deactivates when the valve is opened and the detent
41 anchors the shaft 35 and the motion translator 34. Although the compressed springs
27, 29 apply an upward force against the valve stem 44, the stem 44 is prevented from
moving upward as long as the motion translator 34 is also locked by the detent 41.
However, releasing the detent 41 while the motor 30 is deactivated removes the
restrictive force on the springs 27, 29 allowing them to decompress. This pulls the
valve stem 44 and gate 55 upward to close the valve. In this scenario the system
provides a fail safe failed closed option. An advantage of a fail safe system employing
springs 27, 29 rather than batteries or an alternate power supply is their passive nature

requires significantly less maintenance and/or monitoring thus enhancing reliability.

[0021]  Figure 2c illustrates an example of decoupling the motor 30 and motion
translator 34. Decoupling as depicted in Fig. 2¢ may be accomplished by an ROV 50
that removes the clamps 48 from the profiles 57, 59. Absent the clamps 48, the motion
translator 34 can be pulled away from the housing 38, also by an ROV 50. Removing
the motor 30 and motion translator 34, as shown, removes added actuation forces
moving the valve assembly 42 to a fail safe position as described above. The housing
38 remains attached to the tree 22 during and after the extraction process maintaining its

pressure seal around the valve assembly 42.



[0022]  Figures 3a and 3b illustrate in side cross sectional view an alternative
embodiment of an actuator module 26a. As shown, the actuator module 26a includes a
motor assembly 30a, a motion translator 34a, a housing 38a, and a valve assembly; all
shown coupled together. Here a motor assembly 30a is shown having an associated
connector 32a for connecting the motor assembly 30a with a power/control line 28a.
Figure 3a illustrates an assembled embodiment of the actuator module 26a affixed to a
subsea production tree 20a. The actuator module 26a is adaptable for actuating
components within the tree 20a, such as a valve or a choke assembly. In this
embodiment detents 41a are shown on the motor assembly 30a and the motion
translator 34a. The motor assembly 30a shown includes an output coupling 31 rotatable
with motor operation. The motion translator 34a depicted connects to a drive shaft 35a
rotatable within a housing 53 having a shaft coupling 33 configured to engage the
output coupling 31 so that rotating the output coupling 31 rotates the shaft coupling 33
and drive shaft 35a. The motor assembly 30a includes a clamp profile 57a radially
extending outward from the lower end of an annular sleeve 54. The sleeve 54 is shown
affixed to the motor assembly 30a lower surface circumscribing the output coupling 31.
Radially extending outward from the housing 53 upper end is a clamp profile 58a.
Engaging the output coupling 31 and shaft coupling 33 adjacently aligns the clamp
profiles 57a, 58a where they are shown held together with a clamp 48a. A sleeve 39a
attached within a spring housing 38a includes a clamp profile 59a on its upper end

shown clamped to a profile 61 provided on the drive housing 53 lower end.



[0023] A valve assembly 42a is shown in Figures 3a and 3b, the valve assembly 42a
includes a body 46a with athrough bore 23a. Moving a gate 55a having an aperture 56a
between open and closed positions can align aperture 56a with the bore 23a. The gate
55a may be moved linearly by an attached stem 44a shown guided by a bonnet 42a. A
thrust coupling 69 shown affixes to the stem 44a via a down stop collar 40a disposed
within the housing 38a. Thus similar to the actuator module 26 embodiment in Figures
2a — 2c, energizing the motor assembly 30a actuates the valve assembly 42a to

selectively move the gate 55a in and/or out of the flow bore 23a.

[0024]  Figure 3b illustrates a disassembled view of the module 26a depicting the
motor assembly 30a separated from its corresponding motion translator 34a. Clamps
48a are shown removed from profiles 57a, 58a and 61, 59a, thereby allowing motion
translator 34a detachment from the motor assembly 30a and from the housing 38a. This
embodiment of the module 26a provides for selective removal and/or motor assembly
30a replacement with or without removing the motion translator 34a. Optionally both
may be removed and replaced as well. The coupling and decoupling actions of the

module 26a may be performed by an ROV as discussed previously.

[0025]  Figures 4a and 4b illustrate another alternative embodiment of an actuator
module 26b shown in side sectional view. In this embodiment, the actuator module 26b
includes a motor assembly 30b, a motion translator 34b, and a spring housing 38b.
Profiles 57b and 58b, similar to profiles 57a and 57b in Figure 3b, are respectively
provided on the motor assembly 30b and the motion translator 34b. A clamp 48b can

be used to selectively couple the profiles 57b and 58b. In this embodiment however the
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motion translator 34b is not secured to the housing 38b using externally accessible
clamps. Accordingly, only the motor assembly 30b is selectively removable in this
embodiment. As shown in Figure 4b, the drive shaft assembly 35b remains in the

housing 38b when the motor 30b is detached.

[0026] A valve assembly 42b is shown in Figures 4a and 4b, the valve assembly 42b
includes a body 46b with a through bore 23b. Moving a gate 55b having an aperture
56b between open and closed positions can align aperture 56b with the bore 23b. The
gate 55b may be moved linearly by an attached stem 44b shown guided by a bonnet 42b.
A thrust coupling 69 shown affixes to the stem 44b via an interface 40b disposed
within the spring housing 38b. Thus similar to the actuator module 26 embodiment in
Figures 2a — 2c, energizing the motor assembly 30b actuates the valve assembly 42b to

selectively move the gate 55b in or out of the flow bore 23b.

[0027]  Figure 5 illustrates a partial sectional view of an embodiment of an actuator
module 26. As shown, J-slots 76 are provided in the housing inner surface; dogs 78
engage the J-slots 76 for mounting the motor 30 to the housing 38. The J-slots 76 are
grooves that run longitudinally from the housing 38 opening for a length then travel
transverse along the housing 38 inner circumference. Thus mounting the motor 30 to
the housing 38 can involve aligning the dogs 78 with the J-slot 76 openings, inwardly
urging the motor 30 until the dogs 78 reach the transverse portion, and rbtating the

motor 30 thereby pushing the dogs 78 into the slot 76 ends.

[0028]  The motor 30 includes an output coupling 31 that extends from the motor 30
having a receptacle 36 provided on its end opposite the motor 30. A shaft 77, having
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axial splines 87 on its outer surface, is shown inserted into the receptacle 36.
Corresponding splines 89 in the receptacle 36 engage the shaft 77 splines 87 forv
rotationally coupling the shaft 77 and output coupling 31. As shown, both sets of
splines 87, 89 are oriented axial to the shaft 77 and coupling 31, thus the shaft 77 is
slideable within the receptacle 36. The shaft 77 comprises a portion of a drive nut 72,
and is shown extending from the mid-section of the drive nut 72. The drivenut 72 isa
generally annular member with a disk like base in the nut 72 mid-section oriented
perpendicular to the shaft. The nut 72 upper end includes an annular wall shown
circumscribing the shaft 77 and a rim 75 that extends radially outward from the upper
end away from the shaft 77. Notches 74 (Figure 6) are formed along the rim 75 outer
periphery. A solenoid 80 is shown anchored in the housing 38 having a selectively

extendable plunger 81 that can engage a notch 74.

[0029]  The drive nut 72 lower end includes a socket 79 shown having an end of a
drive shaft 83 inserted therein. Similar to the splined coupled between the shaft 77 and
the receptacle 36, the drive shaft 83 and socket 79 are rotatingly coupled, but can move
axially with respect to each other. In one embodiment, the shaft 83 and socket 79 have
flat profiled sides. A spring (not shown) may be included to prevent inadvertently
rounding the shaft 83 profile due to initial mating misalignmént between the nut 72 and
drive shaft 83. The drive shaft 83 lower end affixes to a ball screw assembly 47 for
translating rotational motion to linear. A threaded bar 85 extends from the ball screw
- assembly 47 lower end and attaches to a valve stem 44. The valve stem 44 connects to

a gate 55 on its end opposite the threaded bar 85.
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[0030]  As shown, the threaded bar 85 passes through and connects with a reaction
plate 45 beneath the ball screw assembly 47. Shown in a sectional view, the reaction
plate 45 is generally transverse to the housing 38 proximate to its intersection with the
bar 85. Away from the bar 85, the plate 45 includes an annular section whose cross
section is oriented parallel with the housing 38 wall for a distance, then projects radially
outward towards the housing 38 wall to form a lip 49. A spring 43 is coaxially disposed
within the housing 38 with its upper end in engagement with the lip 49 lower surface.
Thus when the spring 43 is compressed, it will apply a force against the plate 45 urging

it away from the gate 55.

[0031]  The spring 43 and reaction plate 45 can provide a fail safe position for the
valve. This could be required when a loss of power occurs. In the example of Figure 5,
the force applied to the threaded rod 85 from the spring 43 and plate 45 combination
exerts a rotational force onto the ball screw assembly 47. With sufficient force from the
spring 43, the rotational force can backdrive the motor 30 thereby allowing valve stem
44 translational movement to pull the gate 55 into a fail position. The fail position can
be either fail open or fail closed. When electrical power is available to the subsea
production system, the solenoid 80 can be energized to urge the plunger 81 into one of
the notches 74 thereby locking the drive nut 72 against rotation and maintaining the gate
55 in its current position. However the solenoid 80 would not be energized during a
power loss and the plunger 81 would disengage from the drive nut 72 thereby removing
obstacles that prevent the spring 43 and plate 45 from pushing the stem 44 and gate 55

into a fail safe position. - Optionally, a shaped memory alloy (SMA) 82 could be
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employed with or in lieu of the solenoid 80 for braking the drive nut 72. In an
embodiment, a trigger activated by a change in electrical power or temperature is
employed to activate or deactivate the SMA 82 and selectively engage or disengage the
SMA 82 with/from the drive nut 72. An optional pin 84 is provided on the reaction
plate 45 shown engageable with a receptacle 86. Indication of the pin 84 and receptacle
86 engaging or disengaging can be transmitted via a wire 88 shown connected to the

receptacle 86.

[0032]  The present invention described herein, therefore, is well adapted to carry out
the objects and attain the ends and advantages mentioned, as well as others inherent
therein. While a presently preferred embodiment of the invention has been given for
purposes of disclosure, numerous changes exist in the details of procedures for
accomplishing the desired results. These and other similar modifications will readily
suggest themselves to those skilled in the art, and are intended to be encompassed
within the spirit of the present invention disclosed herein and the scope of the appended

claims.
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Claims
What is claimed is:
1. A subsea system for producing hydrocarbons comprising:
a subsea production member in fluid communication with a wellbore;

an element in the production member linearly moveable between at least a first

position and a second position;
a selectively removable actuation module having,
an electrically powered rotary drive member having a rotatable output, and

a motion translator having a rotatable end linked with the drive member
rotatable output and a linearly moveable opposite end connected with the element in the

production member; and

a fail safe system in a first configuration coupled to the element in its first position

and a second configuration coupled to the element in its second position.

2. The system of claim 1, the actuation module comprising, a motor, a rotatable drive
shaft extending from the motor and a coupling system attached on one end to the drive
shaft and on the other end to the member, so that energizing the motor selectively

moves the element between the first and second position.

3. The system of claim 1, the fail safe system further comprising a spring connected
to the element that is compressible with element movement into the second position and

uncompressible to move the element into a fail safe position.
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4. Thesystem of claim 1, wherein the element is selected from the list consisting of a

valve member, a choke, and a piston.

5. The system of claim 1, further comprising a detent in selective anchoring

engagement with the drive member.

6. The system of claim 1, further comprising a fastener on the actuation module
selectively attachable and detachable with a fastening element on the production

member.

7. The system of claim 1, wherein the actuation module comprises a motor and a

drive shaft selectively coupled with the motor.

8. The system of claim 7, further comprising a detachable configuration where the

motor is detached from the production member.

9. The system of claim 7, further comprising a detachable configuration where the

motor and drive shaft are detached from the production member.

10. The system of claim 7, further comprising a detachable configuration where the

motor, drive shaft, and motion translator are detached from the production member.

‘11. The system of claim 1, wherein the production member is selected from the list

consisting of a production tree and a manifold.

12. A subsea wellhead assembly for producing hydrocarbons from a subsea wellbore

_ comprising:
a wellhead housing in fluid communication with the wellbore;

a production tree affixed to the wellhead housing;
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a valve linearly moveable in the production tree; and
an actuator having,
a housing,

an electric motor having a rotatable shaft and a frame selectively attachable

with the housing;

a linkage with an end rotatingly coupled with the rotatable shaft from the

electric motor and a linearly moveable end connected to the valve;
a reaction plate connected to the linearly moveable end, and

a compressible member in contact with the reaction plate having a
compressed configuration when the valve is in an open position and an expanded

configuration when the valve is in a closed position.
13. The assembly of claim 12 wherein the linkage comprises a ball screw.

14. A method of operating a subsea production member having a selectively moveable

element therein, the method comprising:

providing a selectively removable actuating device in mechanical cooperation with

the moveable element;
energizing the actuating device to rotate a shaft;
converting the shaft rotary motion to linear motion;

linearly moving the moveable element with the converted linear motion;

removing the actuating device; and
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selectively moving the moveable element into a fail safe position.

15. The method of claim 14, further comprising selectively moving the moveable

element into a fail safe position in response to an event.

16. The method of claim 15, wherein the event is selected from the list consisting of a

loss of power to the production member and a command signal.

17. The method of claim 14, wherein the moveable element is selected from the list

consisting of a valve, a choke, and a piston.

18. The method of claim 14, further comprising selectively moving the moveable
element into a position using the actuation device and anchoring the moveable element
in the position.

19. The method of claim 14, wherein the actuation device comprises a motor, the

method further comprising detaching the motor from the production member.

20. The method of claim 14, wherein the actuation device comprises a motor coupled
with a drive shaft, the method further comprising detaching the motor and drive shaft

from the production member.

21. The method of claim 14, wherein the actuation device comprises a motor connect
to a drive shaft and a motion translation device connected to the drive shaft, the method
further comprising detaching the motor, the drive shaft, and the motion translation

device from the production member.
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