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Locking Apparatus

Background
[0001] This section is intended to introduce the reader to various aspects of art
that may be related to various aspects of the present invention, which are
described and/or claimed below. This discussion is believed to be helpful in
providing the reader with background information to facilitate a better
understanding of the various aspects of the present invention. Accordingly, it
should be understood that these statements are to be read in this light, and not
as admissions of prior art.
[0002] In order to meet consumer and industrial demand for natural resources,
companies often invest significant amounts of time and money in finding and
extracting oil, natural gas, and other subterranean resources from the earth.
Particularly, once a desired subterranean resource such as oil or natural gas is
discovered, drilling and production systems are often employed to access and
extract the resource. These systems may be located onshore or offshore
depending on the location of a desired resource. Further, such systems
generally include a wellhead assembly through which the resource is extracted.
These wellhead assemblies may include a wide variety of components, such as
various casings, valves, fluid conduits, and the like, that control drilling or
extraction operations.
[0003] More particularly, wellhead assemblies often include a blowout
preventer, such as a ram-type blowout preventer that uses one or more pairs of
opposing rams that press against one another to restrict flow of fluid through
the blowout preventer. The rams typically include main bodies (or ram blocks)
that receive sealing elements (or ram packers) that press together when a pair
of opposing rams close against one another. Often, the rams are driven into and
out of a main bore of a blowout preventer by operating pistons coupled to the
rams by connecting rods. In a common design, a ram block includes a slot for
receiving a button on the end of a rod, which allows the operating piston and

connecting rod to push and pull the ram block within the blowout preventer. A
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locking device may also be used to lock the rams in position within the blowout

preventer.

Brief Description of the Drawings
[0004] For a detailed description of embodiments of the subject disclosure,
reference will now be made to the accompanying drawings in which:
[0005] FIG. 1 shows a sectional view of a blowout preventer in accordance
with one or more embodiments of the present disclosure;
[0006] FIG. 2 shows a sectional perspective view of a bonnet assembly in
accordance with one or more embodiments of the present disclosure;
[0007] FIG. 3 shows a sectional side view of a bonnet assembly in accordance
with one or more embodiments of the present disclosure;
[0008] FIG. 4 shows a cross-sectional view taken along line A—A of FIG. 3 in
accordance with one or more embodiments of the present disclosure;
[0009] FIG. 5 shows a perspective front view of a coil element in accordance
with one or more embodiments of the present disclosure;
[0010] FIG. 6 shows a perspective back view of a coil element in accordance
with one or more embodiments of the present disclosure;
[0011] FIG. 7 shows a perspective front view of an engagement member in
accordance with one or more embodiments of the present disclosure; and
[0012] FIG. 8 shows a perspective front view of a biasing mechanism in

accordance with one or more embodiments of the present disclosure.

Detailed Description
[0013] The following discussion is directed to various embodiments of the
invention. The drawing figures are not necessarily to scale. Certain features of
the embodiments may be shown exaggerated in scale or in somewhat schematic
form and some details of conventional elements may not be shown in the
interest of clarity and conciseness. The embodiments disclosed should not be
interpreted, or otherwise used, as limiting the scope of the disclosure, including
the claims. It is to be fully recognized that the different teachings of the

embodiments discussed below may be employed separately or in any suitable
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combination to produce desired results. In addition, one skilled in the art will
understand that the following description has broad application, and the
discussion of any embodiment is meant only to be an illustration of that
embodiment, and not intended to intimate that the scope of the disclosure,
including the claims, is limited to that embodiment.

[0014] Certain terms are used throughout the following description and claims
to refer to particular features or components. As one skilled in the art will
appreciate, different persons may refer to the same feature or component by
different names. This document does not intend to distinguish between
components or features that differ in name but are the same structure or
function.

[0015] In the following discussion and in the claims, the terms “including”
and “comprising” are used in an open-ended fashion, and thus should be
interpreted to mean “including, but not limited to...” Also, the term “couple” or
“couples” is intended to mean either an indirect or direct connection. In
addition, the terms ““axial” and “axially” generally mean along or parallel to a
central axis (e.g., central axis of a body or a port), while the terms “radial” and
“radially” generally mean perpendicular to the central axis. For instance, an
axial distance refers to a distance measured along or parallel to the central axis,
and a radial distance means a distance measured perpendicular to the central
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axis. The use of “top,” “bottom,” “above,” “below,” and variations of these
terms is made for convenience, but does not require any particular orientation
of the components.

[0016] Referring now to FIG. 1, a sectional view of a blowout preventer 10 is
shown. The blowout preventer 10 includes a housing 12, such as a hollow
body, with a bore 14 that enables passage of fluid or tubular member through
the blowout preventer 10. The housing 12 further includes one or more cavities
16, such as cavities 16 opposed from each other with respect to the bore 14,
with a ram 18 movably positioned within each cavity 16. The blowout

preventer 10 may be coupled to other equipment that facilitates natural

resource production. For instance, production equipment or other components
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may be attached to the top of the blowout preventer 10 using a connection 20
(which may be facilitated in the form of fasteners), and the blowout

preventer 10 may be attached to a wellhead or spool using the flange 22 and
additional fasteners.

[0017] One or more bonnet assemblies 24 are secured to the housing 12 and
include various components that facilitate control of the rams 18 positioned in
the blowout preventer 10. The bonnet assemblies 24 are coupled to the
housing 12 by using one or more fasteners 26 to secure the bonnets 28 of the
bonnet assemblies 24 to the housing 12. The rams 18 are then actuated and
moved through the cavities 16, into and out of the bore 14, by operating and
moving a piston 30 and a rod 32 coupled thereto or a part thereof within a
housing 34 of the bonnet assemblies 24. In operation, a force (e.g., from
hydraulic pressure) may be applied to the pistons 30 to drive the rods 32, which
in turn drives the rams 18 into the bore 14 of the blowout preventer 10. The
rams 18 cooperate with one another when driven together to seal the bore 14
and inhibit flow through the blowout preventer 10.

[0018] Referring now to FIGS. 2 and 3, multiple sectional views of a bonnet
assembly 100 in accordance with one or more embodiments of the present
disclosure are shown. FIG. 2 shows a sectional perspective view of the bonnet
assembly 100, and FIG. 3 shows a sectional side view of the bonnet assembly
100. As with the above, the bonnet assembly 100 includes a housing 102 with a
piston 104 movably positioned within the housing 102, and a rod 106 coupled
to or integral with the piston 104. The rod 106 also couples with a ram, such as
by receiving a button 108 on an end of the rod 106 within a slot of the ram, to
enable the piston 104 and the rod 106 to move the ram within a blowout
preventer. In particular, the rod 106 may include a portion that is a connecting
rod 110 extending from the piston 104 towards the ram, and may include a
portion that is a tail rod 112 extending from the piston away from the ram,
opposite the connection rod 110. Further, those having ordinary skill in the art

will appreciate that other configurations and embodiments may be used to
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couple the rod 106 to a ram without departing from the scope of the present
disclosure.

[0019] In one or more embodiments, a friction assembly 120 may be used to
prevent movement of the piston 104, the rod 106, and the ram, such as when
desired to lock the ram in a relative position within a blowout preventer. As
shown, the friction assembly 120 is coupled and secured to the bonnet
assembly 100 using fasteners 114. The friction assembly 120 engages a
cylindrical outer surface of the rod 106, and more particularly a cylindrical
outer surface of the tail rod 112 in this embodiment, to prevent movement of
the rod 106 with respect to the friction assembly 120. Although the friction
assembly 120 and components thereof may be discussed with respect to
engaging the tail rod 112, the present disclosure is not so limited. Other
embodiments are included within the scope of the present disclosure that may
include engaging other portions of the rod 106.

[0020] The friction assembly 120 includes a housing 122, such as a
cylindrical housing, coupled to bonnet assembly 100. The rod 106, such as the
tail rod 112 in this embodiment, may extend through the housing 122. The
friction assembly 120 includes a friction device 124 positioned within the
housing 122, and more particularly may be positioned between the housing 122
(e.g., cylindrical inner surface of the housing 122) and the tail rod 112 (e.g.,
cylindrical outer surface of the tail rod 112).

[0021] In this embodiment, the friction device 124 includes a coil element, in
which the coil element is positionable about the tail rod 112 such that the tail
rod 112 extends, at least partially, through the coil element. When in a relaxed
state (e.g., in the engaged position), an inner diameter of the coil element may
be smaller than an outer diameter of the tail rod 112, which may enable the coil
element to engage the tail rod 112. For example, in the engaged position, the
inner diameter of the coil element may be about 0.001-0.01 in (0.025-0.25
mm) smaller than the outer diameter of the tail rod 112, and more particularly
may be about 0.001-0.002 in (0.025—-0.051 mm) smaller than the outer

diameter of the tail rod 112. The coil element may then be moved and/or have a
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force applied thereto to contract the coil element (e.g., in the disengaged
position) such that the inner diameter of the coil element may be larger than
that of the outer diameter of the tail rod 112, which may enable the coil element
to disengage the tail rod 112. For example, in the disengaged position, the inner
diameter of the coil element may be about 0.001-0.01 in (0.025-0.25 mm)
larger than the outer diameter of the tail rod 112, and more particularly may be
about 0.001-0.002 in (0.025-0.051 mm) larger than the outer diameter of the
tail rod 112.

[0022] In one or more embodiments, a tapered surface is included or formed
between the friction device 124 and the housing 122 of the friction assembly
120 to facilitate engagement between the friction device 124 and the housing
122. For example, the friction assembly housing 122 may include a tapered
inner diameter, and, as shown in FIGS. 5 and 6, the coil element may include a
corresponding tapered outer diameter. The taper of the outer diameter of the
coil element may extend away from a bore of a blowout preventer such that the
outer diameter of the coil element is larger at an end positioned closer to the
blowout preventer and smaller at an end positioned further away from the
blowout preventer. This may enable the tapered surfaces to engage against each
other from a force received from a ram of the blowout preventer through the
rod 106 of the bonnet assembly 100.

[0023] Further, in this embodiment, the housing 122 of the friction assembly
120 may include friction device housing 126. The friction device housing 126
may be positioned within and concentric with the friction assembly housing
122, with the friction device (e.g., coil element) positioned within the friction
device housing 126. Such an embodiment may enable the tapered surface the
friction device housing 126 to include the tapered inner diameter in addition or
in alternative to the friction assembly housing 122. In the event that the tapered
inner diameter then wears and needs replacement, the friction device housing
126 may then be removed and replaced, as opposed to having to replace the

entire friction assembly housing 126.
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[0024] Referring still to FIGS. 2 and 3, the friction assembly 120 may further
include an actuation assembly 130 to move the friction device 124 between an
engaged position and a disengaged position to selectively engage the
cylindrical outer surface of the tail rod 112. The friction device 124 selectively
engages the cylindrical outer surface of the tail rod 112 to prevent movement of
the tail rod 112 with respect to the housing 122. In the engaged position, the
friction device 124 engages (€.g., frictionally engages) the cylindrical outer
surface of the tail rod 112 to prevent movement of the tail rod 112 with respect
to the housing 122. In the disengaged position, the friction device 124
disengages (e.g., frictionally disengages) the cylindrical outer surface of the tail
rod 112 to enable movement of the tail rod 112 with respect to the housing 122.
[0025] In this embodiment, the actuation assembly 130 applies an axial force
and/or a rotational force to the friction device to move the friction device
between the engaged position and the disengaged position. For example, the
actuation assembly 130 may include an engagement member 132, such as a
friction device pusher shown in FIG. 7, to apply an axial force and/or rotational
force to the friction device 124.

[0026] A rack 134 and a pinion 136 control and actuate movement of the
engagement member 132 to apply an axial force and/or rotational force to the
friction device 124. FIG. 4 shows a cross-sectional view taken along line A—A
of FIG. 3 for a more detailed view of the actuation assembly 130. A force may
be applied to the rack 134 (e.g., hydraulic pressure introduced through an inlet
or port 138) to move the rack 134, as indicated by the direction arrow in

FIG. 2. This force and movement may enable the rack 134 to impart rotational
movement to the pinion 136, as also indicated by the direction arrow in FIG. 2,
through engagement of teeth between the rack 134 and the pinion 136. One or
more bearings 168 may then be used to facilitate rotation of the pinion 136
within the housing 122 of the friction assembly 120.

[0027] The pinion 136 and the engagement member 132 may be threadedly
engaged with each other through a thread 140 included on the engagement
member 132. The engagement of the pinion 136 with the thread 140 of the
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engagement member 132 may enable the engagement member 132 to move
axially with respect to the pinion 136. Further, the engagement member 132
may include one or more rotational guides 142. The rotational guides 142 may
engage with corresponding rotational guides or surfaces included within the
housing 122 of the friction assembly 120. The engagement of the rotational
guides 142 of the engagement member 132 with the rotational guides of the
housing 122 may enable the engagement member 132 to move rotationally
with respect to the housing 122. This axial and rotational movement of the
engagement member 132 is indicated by the direction arrow in FIG. 2.

[0028] Further, as shown particularly in FIGS. 5 and 7, the engagement
member 132 may include an engagement face 144 (e.g., clutch face) and the
friction device 124 may include a corresponding engagement face 146. As the
engagement member 132 axially and rotationally moves with respect to the
housing 122, the engagement of the engagement face 144 of the engagement
member 132 and the engagement face 146 of the friction device 124 may
enable the engagement member 132 to apply an axial force and a rotational
force to the friction device 124, thereby moving the friction device 124
between the engaged position and the disengaged position.

[0029] As shown with respect to FIGS. 2—4, the actuation assembly 130 may
be actuated to apply an axial force and/or a rotational force to the friction
device 124. To disengage the friction device 124, hydraulic pressure is
introduced through the port 138 to move the rack 134 in the direction of the
arrow shown, thereby moving the engagement member 132 axially and
rotationally. The axial and rotational movement of the engagement member
132 is translated to the friction device 124 to move the friction device 124
axially and rotationally as well, thus moving the friction device 124 from the
engaged position to the disengaged position.

[0030] To move the friction device 124 to the engaged position, hydraulic
pressure may be relieved from the port 138 to allow the rack 134 to move back,
thereby moving the engagement member 132 back axially and rotationally and

moving the friction device 124 from the disengaged position to the engaged
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position. Further, the actuation assembly 130 may be biased towards the
friction device 124 being the engaged position. For example, a biasing
mechanism 148, such as a spring, may be used to create a biasing force against
the rack 134 to bias the actuation assembly 130. Additionally or alternatively,
the friction device 124, such as the coil element, may also create a biasing force
against the engagement member 132 to move from an unrelaxed state to a
relaxed state, to bias the actuation assembly 130.

[0031] Referring now to FIGS. 2, 3, and 8, the friction assembly 120 may
include a biasing mechanism 150 to bias the friction device 124 from the
disengaged position towards the engaged position. In this embodiment, the
biasing mechanism 150 includes one or more biasing elements 152 (e.g.,
springs) positioned between plates 154. The biasing mechanism 150 may be
positioned within the housing 122 of the friction assembly 120 to bias the
friction device 124 against the engagement member 132 of the actuation
assembly 130, and to bias the tapered outer diameter of the friction device 124
into engagement with the tapered inner diameter of the friction device

housing 126 (or the housing 122 if the friction device housing 126 is not
present). The biasing mechanism 150 may include an engagement face 156
(e.g., lugs included on the plate 154) to engage a corresponding engagement
face 158 (e.g., slots) of the friction device 124. This may enable the
engagement faces 156 and 158 to prevent relative rotation therebetween.
Further, the biasing mechanism 150 may include one or more anti-rotation
members 160 (e.g., lugs) to engage with one or more corresponding anti-
rotation members (€.g., slots) included within the friction device housing 126
(or the housing 122 if the friction device housing 126 is not present) to prevent
rotation between the biasing mechanism and the friction device housing 126.
[0032] One or more seals may be used to facilitate the use of the friction
assembly 120 with the bonnet assembly 100. For example, with reference to
FIGS. 2 and 3, a seal assembly 162 may be positioned within the housing 122
and between the friction device housing 126 (or the housing 122 if the friction

device housing 126 is not present) and the tail rod 112. This may enable the
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seal assembly 162 to create a dynamic seal against the tail rod 112 and prevent
hydraulic fluid from entering from the bonnet assembly 100 into the friction
assembly 120.

[0033] Referring still to FIGS. 2 and 3, a sensor 164 may be used to measure
a position of the piston 104 and/or the rod 106 within the bonnet housing 102.
For example, as shown, the sensor 164 may be coupled to the friction device
housing 122, such as positioned at an end of the housing 122. The sensor 164
sends a signal into the friction device housing 122 that reflects off an end of the
rod 106, with the sensor 164 then receiving the reflection of the signal. The
same sensor 164 may both send the signal and receive the reflection of the
signal (as opposed to the use of multiple sensors) because the end of the

rod 106 may be flat and perpendicular to the trajectory of the signal sent by the
sensor 164. Based upon this reflected signal, the sensor 164 may determine a
position of the end of the rod 106 with respect to the position of the sensor 164,
thereby enabling the position of the piston 104 and/or the rod 106 within the
bonnet housing 102 to be calculated or determined.

[0034] In one or more embodiments, the bonnet assembly 100 may be linked
with the friction assembly 120 such that, when the piston 104 and the rod 106
are moving within the bonnet assembly housing 102 (or hydraulic pressure
applied thereto to move the piston 104), the friction assembly 120 may
disengage the rod 106 to enable the movement of the piston 104 and the

rod 106 within the bonnet assembly housing 102. Otherwise, the friction
assembly 120 may remain engaged with the rod 106 to prevent movement of
the piston 104 and the rod 106 within the bonnet assembly housing 102,
particularly in the event that the blowout preventer coupled to the bonnet
assembly 100 is used to regulate pressure of a well and/or prevent a blowout.
[0035] For example, one or more ports 166 used to control movement of the
piston 104 within the bonnet assembly housing 102 may be hydraulically
coupled to (e.g., on the same hydraulic circuit as) the port 138 of the actuation
assembly 130. In such an embodiment, when hydraulic pressure is introduced

into the ports 166, hydraulic pressure may also be introduced into the port 138.

10
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This may enable the actuation assembly 130 to move from the disengaged
position to the engaged position, thereby moving the friction device 124 from
the engaged position to the disengaged position to disengage the cylindrical
outer surface of the rod 106 (e.g., tail rod 112 in this embodiment). Once the
friction device 124 is disengaged from the cylindrical outer surface of the

rod 106, the rod 106 and the piston 104 coupled thereto are free to move within
the housing 102 of the bonnet assembly 100 and be controlled by hydraulic
pressure introduced through the ports 166. Once hydraulic pressure is no longer
introduced or supplied to the ports 166, and therefore hydraulic pressure is no
longer introduced or supplied to the port 138, the actuation assembly 130 may
move from the engaged position to the disengaged position (e.g.,
automatically), thereby moving the friction device 124 from the disengaged
position to the engaged position to engage the cylindrical outer surface of the
rod 106 (e.g., tail rod 112 in this embodiment) and prevent movement of the
rod 106.

[0036] Those having ordinary skill in the art will appreciate that, though in
this embodiment the friction assembly is shown as coupled to the exterior of
the bonnet assembly, the present disclosure is not so limited. For example, in
one or more embodiment, the present disclosure contemplates incorporating the
friction assembly within the bonnet assembly, such as by including the friction
assembly within the housing of the bonnet assembly. Accordingly, the present
disclosure contemplates other embodiments, arrangements, and configurations
than only those shown in the figures.

[0037] Although the present invention has been described with respect to
specific details, it is not intended that such details should be regarded as
limitations on the scope of the invention, except to the extent that they are

included in the accompanying claims.

11
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Claims

What is claimed is:

L.

4.

An apparatus, comprising:

a blowout preventer housing;

a blowout preventer ram moveable within the housing;

a rod configured to move the blowout preventer ram and comprising an
outer surface;

a piston configured to move the rod; and

a friction assembly configured to engage the outer surface of the rod and

prevent movement of the rod and the ram when engaged.

The apparatus of claim 1, wherein:

the rod comprises a connecting rod extending from the piston towards
the ram and a tail rod extending from the piston away from the
ram; and

the friction assembly is configured to engage an outer surface of the tail

rod.

The apparatus of claim 1, wherein the friction assembly comprises:

a friction assembly housing;

a friction device positioned within the friction assembly housing; and
the friction device engageable between the friction assembly housing

and the outer surface of the rod to prevent movement of the rod.

The apparatus of claim 3, wherein the friction device comprises a coil

element positioned around the rod and configured to tighten around the outer

surface of the rod to engage the rod.

5.

The apparatus of claim 4, wherein the friction assembly housing

comprises a tapered inner surface and the coil element comprises a tapered

outer surface.

12
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6. The apparatus of claim 3, wherein the friction device is movable
between an engaged position and a disengaged position such that, in the
engaged position, the friction device is engaged with the outer surface of the
rod to prevent movement of the rod, and in the disengaged position, the friction
device is disengaged with the outer surface of the rod to enable movement of

the rod.

7. The apparatus of claim 6, wherein the friction assembly further
comprises an actuation assembly to move the friction device between the

engaged position and the disengaged position.

8. The apparatus of claim 7, wherein the actuation assembly is biased

towards the disengaged position.

9. The apparatus of claim 7, wherein the actuation assembly comprises an
engagement member to apply at least one of an axial force and a rotational
force to the friction device to move the friction device between the engaged

position and the disengaged position.

10.  The apparatus of claim 6, wherein the friction assembly further
comprises a biasing mechanism to bias the friction device towards the engaged

position.

11.  The apparatus of claim 3, wherein the friction assembly further
comprises a seal assembly positionable between the friction assembly housing

and the rod.
12.  The apparatus of claim 1, further comprising a sensor configured to send

a signal and receive a reflection of the signal from an end of the rod to measure

a position of the rod with respect to the sensor.

13
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13.

14.

15.

16.

An apparatus, comprising:

a housing;

a rod comprising an outer surface; and

a piston movable within the housing and configured to move the rod;
a friction assembly engageable with the outer surface of the rod to

prevent movement of the rod when engaged.

The apparatus of claim 13, wherein:

the rod is configured to move a blowout preventer ram within a blowout
preventer;

the rod comprises a connecting rod extending from the piston towards
the blowout preventer ram and a tail rod extending from the
piston away from the blowout preventer ram; and

the friction assembly is configured to engage an outer surface of the tail

rod.

The apparatus of claim 13, wherein the friction assembly comprises:

a friction assembly housing;

a friction device positioned within the friction assembly housing; and

wherein the friction device is engageable between the friction assembly
housing and the outer surface of the rod to prevent movement of

the rod when engaged.

The apparatus of claim 15, wherein the friction device comprises a coil

element positioned around the rod and configured to tighten around the outer

surface of the rod to engage the rod.

14
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17.  The apparatus of claim 15, wherein the friction device is movable
between an engaged position and a disengaged position such that, in the
engaged position, the friction device is engaged with the outer surface of the
rod to prevent movement of the rod, and in the disengaged position, the friction
device is disengaged with the outer surface of the rod to enable movement of

the rod.

18.  The apparatus of claim 15, wherein the friction assembly further
comprises an actuation assembly to move the friction device between the

engaged position and the disengaged position.

19.  The apparatus of claim 18, wherein the actuation assembly comprises an
engagement member to apply at least one of an axial force and a rotational
force to the friction device to move the friction device between the engaged

position and the disengaged position.
20.  The apparatus of claim 17, wherein the friction assembly further

comprises a biasing mechanism to bias the friction device towards the engaged

position.

15
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