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TUBE LOCKING MECHANISM FOR DOWNHOLE COMPONENTS

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Application No. 13/753205, filed

on January 29, 2013, which is incorporated herein by reference in its entirety.

BACKGROUND

[0002] During subterranean drilling and completion operations, a borehole string such
as a drill pipe or other conduit is lowered into a borchole in an earth formation. Such strings
may include various components, such as pipe segments and subassemblies. As the string is
lowered into the borehole, additional pipe segments are coupled to the string by various
coupling mechanisms, such as threaded couplings.

[0003] Various power and/or communication signals may be transmitted through the
pipe segments via a “wired pipe” configuration. Such configurations include electrical,
optical or other conductors extending along the length of selected pipe segments. Such pipe
segments typically include bores or other conduits extending through the segments and/or
coupling configurations. Various tubes or other extended devices, such as cables and fluid
conduits, are disposed within the bores to provide for, ¢.g., transmission of communications,
actuation mechanisms or fluids through the string.

[0004] Transmission lines routed through string components are typically retained
under tension, in order to reduce movement within the bore. In the case of data and/or
communication lines, the lines may be secured radially and axially at the end of the pipe

segment to facilitate connection to transmission lines in other components or pipe segments.

SUMMARY

[0005] An apparatus for securing a transmission line in a downhole component
includes: an element coupled to an exterior surface of the transmission line, the transmission
line configured to be disposed in a communication conduit that extends through the downhole
component, the element configured to restrict axial movement of the transmission line within
the communication conduit.

[0006] A wired downhole component includes: an elongated carrier having a first end
including a first coupler and a second end including a second coupler; a transmission line
extending between the first coupler and the second coupler and disposed in a communication

conduit that extends between the first end and the second end, the transmission line secured
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to and held in tension between the first coupler and the second coupler; and an
element coupled to an exterior surface of the transmission line and configured to

restrict axial movement of the transmission line within the communication conduit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The following descriptions should not be considered limiting in any
way. With reference to the accompanying drawings, like elements are numbered
alike:

[0008] FIG. 1 depicts an embodiment of a downhole component for use in
downhole operation such as a well drilling, completion and/or logging operation;

[0009] FIG. 2 depicts a portion of a downhole component including a
communication channel and an embodiment of a locking mechanism disposed in the
channel,;

[0010] FIG. 3 depicts a portion of a downhole component including a
communication channel and an embodiment of a locking mechanism disposed in the
channel from a side cut;

[0011] FIG. 4 is a close-up view of an embodiment of the locking mechanism
of FIG. 3 in an actuated position;

[0012] FIG. 5 is a close-up view of an embodiment of the locking mechanism
of FIG. 3 in an actuated position;

[0013] FIG. 6 depicts an exemplary constriction sleeve of the locking
mechanism of FIG. 3;

[0014] FIG. 7 depicts a cross-sectional view of a portion of a downhole
component including a communication channel and an embodiment of a locking
mechanism disposed in the channel;

[0015] FIG. 8 depicts an exemplary snap sleeve of the locking mechanism of
FIG. 6;

[0016] FIG. 9 depicts a portion of a downhole component including a
communication channel and an embodiment of a locking mechanism disposed in the
channel; and

[0017] FIG. 10 depicts an embodiment of an axial load sleeve permanently
joined to a transmission line configured to be disposed in a communication channel of

a downhole component.
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DETAILED DESCRIPTION

[0018] There is provided a locking mechanism to secure a tube such as a cable or
other transmission line within a downhole tool communication conduit. The locking
mechanism includes an element such as a sleeve that is permanently joined to an exterior
surface of the transmission line. In one embodiment, the element includes a shape memory
sleeve or ring that is configured to contract during or after deployment of the transmission
line to secure the transmission line to the shape memory sleeve to the transmission line and
allow for axial restriction of the transmission line within the communication conduit. In
other embodiments, the element includes one or more deformable elements such as a
constriction sleeve or a snap sleeve that is configured to engage the permanently joined
sleeve to form an interference fit between the transmission line and the conduit.

[0019] Referring to FIG. 1, an exemplary embodiment of a portion of a well drilling,
logging, completion and/or production system 10 includes a conduit or string 12, such as a
drillstring or production string, that is configured to be disposed in a borehole for performing
operations such as drilling the borehole, making measurements of properties of the borehole
and/or the surrounding formation downhole, and facilitating hydrocarbon production.

[0020] The string 12 includes at least one string or pipe segment 14 having a first end
16 and a second end 18. An inner bore or other conduit 20 extends along the length of each
segment 14 to allow drilling mud or other fluids to flow therethrough. A communication
conduit 22 is located within the segment 14 to provide protection for electrical, optical or
other conductors to be disposed along the segment 14.

[0021] The segment 14 includes a first coupling 24 and a second coupling 26. The
first coupling 24 includes a male coupling portion 28 having an exterior threaded section, and
is referred to herein as a “pin” 24. The second coupling 26 includes a female coupling
portion 30 having an interior threaded section, and is referred to herein as a “box” 26.

[0022] At least an inner bore or other conduit 20 extends along the length of each
segment 14 to allow drilling mud or other fluids to flow therethrough. In one embodiment,
the segment 14 is a wired pipe segment or other component that includes a transmission line
including electrical, optical or other conductors. For example, the transmission line is a
coaxial cable, fiber optic cable or other type of communication line. The communication
conduit 22, such as an axial bore or an elongated passage disposed on a surface of the
segment 14 or the bore 22, extends along the segment from the first end 16 to the second end

18 and houses at least a portion of a transmission line.



WO 2014/120740 PCT/US2014/013556

[0023] Although the conduit 22 is referred to as a communication conduit, it is
not so limited. For example, the conduit 22 may be configured to house and protect
any elongated member that extends through at least a portion of the segment 14. For
example, the conduit may be configured to house hydraulic fluid or sample fluid lines.
Thus, “transmission line” refers to any elongated component that can be inserted into
the conduit 22 and provides some form of communication (e.g., data, power, electrical
signals, optical signals and/or fluid) between downhole components.

[0024] In one embodiment, the system 10 is operably connected to a
downhole or surface processing unit which may act to control various components of
the system 10, such as drilling, logging and production components or subs. Other
components include machinery to raise or lower segments 14 and operably couple
segments 14, and transmission devices. The downhole or surface processing unit may
also collect and process data generated by the system 10 during drilling, production or
other operations.

[0025] As described herein, “drillstring” or “string” refers to any structure or
carrier suitable for lowering a tool through a borehole or connecting a drill bit to the
surface, and is not limited to the structure and configuration described herein. For
example, a string could be configured as a drillstring, hydrocarbon production string
or formation evaluation string. The term "carrier” as used herein means any device,
device component, combination of devices, media and/or member that may be used to
convey, house, support or otherwise facilitate the use of another device, device
component, combination of devices, media and/or member. Exemplary non-limiting
carriers include drill strings of the coiled tube type, of the jointed pipe type and any
combination or portion thereof. Other carrier examples include casing pipes,
wirelines, wireline sondes, slickline sondes, drop shots, downhole subs, BHA's and
drill strings.

[0026] FIGS. 2-9 show embodiments of a locking mechanism that is
configured to be inserted into the communication conduit 22 with a transmission line
32, and may be actuated to restrict radial movement of a transmission line 32 within
the conduit 22. The locking mechanism may also include features configured to
restrict axial movement of the transmission line and/or transmit axial loads from the
transmission line 32. The locking mechanism includes at least one feature, such as a

sleeve, that is permanently joined to the transmission line and is configured to engage



WO 2014/120740 PCT/US2014/013556

the communication conduit 22 to prevent or restrict radial and/or axial movement and support
high tensile loads from the transmission line 32.

[0027] At least some parts of the locking mechanism can be freely advanced through
the conduit 22 along with the transmission line 32 prior to actuating the locking mechanism
or otherwise engaging the locking mechanism with the communication conduit to prevent or
restrict movement, and the conduit 22 need not be specially designed to accept the locking
mechanism. The assembled locking mechanism is capable of carrying high tensile loads
(e.g., on the order of the rupture load of the transmission line itself), does not damage the
communication conduit inside the downhole component, and is designed for small
installation spaces typically involved in downhole operations. In addition, because the
locking mechanism includes an element that is distinct from the transmission line, the locking
mechanism can be easily attached to and deployed with the transmission line without having
to make any significant alterations to the transmission line itself and/or the communication
conduit, and thus can be assembled with pre-existing conduits and/or transmission lines.

[0028] In one embodiment, the locking mechanism is configured to be actuated to
increase its outer diameter or otherwise engage the surface of the conduit 22 and secure the
transmission line 32 radially and/or axially within the conduit 22. In one embodiment, the
locking mechanism encloses the transmission line 32 along a selected portion of the
transmission line 32. For example, the locking mechanism may be positioned to support the
transmission line at various locations between the locations at which the transmission line is
secured at the first end 16 and the second end 18 of the tool 12. The locking mechanism may
also form all or part of an assembly to secure the transmission line 32 to couplers at the first
and/or second ends. Exemplary couplers include inductive coils, direct electrical contacts
and optical connection rings.

[0029] In one embodiment, at least one element of the locking mechanism is a
component separate from the transmission line 22 that is mechanically joined to the
transmission line by a permanent mechanical joining, such as a weld, an adhesive, or solder.
As described herein, “permanently joined” is defined as being joined such that the element is
mechanically joined to a surface of the transmission line via a connection that prevents
relative movement between the element and the transmission line surface without including a
feature (e.g., bolts) that provides a mechanism for disconnecting the elements.

[0030] Referring to FIG. 2, an embodiment of the locking mechanism includes a
shape memory element 34, such as a shape memory sleeve or ring, that is positioned around a

section of the transmission line 32 and can be activated downhole to compress against the
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transmission line 32 and lock the transmission line 32 to the conduit 22 through
contact pressure and friction between the shape memory sleeve and the transmission
line, e.g., via a press fit or interference fit. The shape memory element 34 can be
formed from any suitable shape memory material, such as Shape Memory Polymers
(SMP) that have the ability to return from a deformed state to their original shape
prior to deformation in response to a stimulus such as a temperature change, an
electric or magnetic field, electromagnetic radiation, and a change in pH. Non-
limiting examples of shape memory materials include Shape Memory Polymers
(SMP), such as polyurethane or epoxy SMPs, which may have properties ranging
from, for example, stable to biodegradable, soft to hard, and elastic to rigid,
depending on the structural units that constitute the SMP. SMPs may also include
thermoplastic and thermoset (covalently cross-linked) polymeric materials. SMPs
may also be able to store multiple shapes in memory. Examples of SMPs include
polyurethane, polyurethane foams, epoxies, polyamides, polyvinyl alcohols, vinyl
alcohol-vinyl ester copolymers, phenolic polymers, and polybenzimidazoles.

[0031] As shown in FIG. 2, the shape memory element 34 may be disposed
directly around the transmission line 32, or may be disposed around an axial load
sleeve 36 that is permanently joined (e.g., attached via welding or bonding) to an
outer surface of the transmission line. It is noted that the shape memory element 34
may optionally be permanently joined to the transmission line 32 or the axial load
sleeve 36.

[0032] In use, the shape memory element 34 is heat treated and expanded or
otherwise formed into a deployment shape in which the inner diameter of the shape
memory element 34 is approximately equal to or greater than the diameter of the
transmission line 32. The shape memory element may then be inserted into the
conduit 22 with the transmission line 32, inserted before the transmission line 32 or
inserted after the transmission line 32. After deployment into the conduit 22 and/or
deployment of the downhole component, a suitable trigger is applied to cause the
shape memory element 34 to contract and exert pressure against the transmission line
32 and grip or otherwise be fixedly positioned relative to the transmission line. The
trigger may be a thermal trigger such as the downhole temperature, or may be an
actively applied trigger such as a heat source or an electromagnetic source.

[0033] In one embodiment, the locking mechanism includes a mechanism for

axially securing the transmission line 32 and transmitting an axial load to the
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downhole component. For example, the shape memory element 34 and/or the axial load
sleeve 36 is welded, bonded or otherwise permanently joined to the transmission line 32, and
forms a shoulder 38 that is configured to contact and rest against a shoulder or other feature
formed on the conduit 22. In another example, the shape memory element 34 and/or the axial
load sleeve 36 is removably secured to the transmission line, e.g., using bolts or other
securing mechanism.

[0034] In this embodiment, the locking mechanism may be inserted into a section of
the conduit 22 so that the shoulder 38 abuts a feature in the conduit. An exemplary feature
includes an obstruction or protrusion formed by the interior surface of the conduit or attached
to the interior surface of the conduit. The feature, in one example, is a conduit shoulder
formed by an increased-diameter section of the conduit 22, but is not so limited. The feature
may be any feature in the conduit configured to engage the shoulder 38 and restrict axial
movement.

[0035] The shoulder 38 on the outer diameter of the transmission line 32 can be
realized, for example, with the axial load sleeve 36 as shown in FIG. 2, which is configured
as a permanently joined (e.g., welded, brazed or glued) sleeve. Other examples of shoulders
include a plastically deformed tube or a build-up welded diameter change. The shoulder 38 is
not restricted to the embodiments described herein.

[0036] Additional positioning, securing and/or connecting component may be
included as part of the locking mechanism to further secure or protect the transmission line
32. For example, a sealing sleeve 40 may be inserted around the transmission line 32 to
provide protection to sections of the transmission line 32.

[0037] Referring to FIGS. 3-6, an embodiment of the locking mechanism includes
clements that cooperate to form a form fit between the transmission line 32 and the conduit
22. In this embodiment, a deformable constriction sleeve 42 cooperates with a cone sleeve
44 and an axial load sleeve 36 to provide both axial and radial support to the transmission
line 32. The constriction sleeve 42 is configured to abut an obstruction 46 on the interior
surface of the conduit 22 (e.g., a shoulder formed between an increased diameter section and
a smaller diameter section of the conduit 22). Actuation of the locking mechanism is
achieved by axially sliding the cone sleeve 44 over the constriction sleeve 42 (as shown in
FIG. 4), thereby causing deformable or flexible portion(s) 48 to move radially inward and
engage a shoulder 38 that prevents movement of the transmission line 32 and transmits the
tensile load through a form fit. In one embodiment, the constriction sleeve 42 includes

features such as slots 50 to increase the flexibility of the constriction sleeve 42.
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[0038] In one embodiment, an example of which is shown in FIG. 4, the
shoulder 38 is formed by the axial load sleeve 36 that is secured to the transmission
line 32. In another embodiment, an example of which is shown in FIG. 5, the
shoulder 38 is formed as a groove in the transmission line 32 or is otherwise
configured as an integral part of the transmission line 32 (e.g., part of a cable jacket or
other outer layer of the transmission line 32).

[0039] Additional sleeves or components may be used to further axially secure
the locking mechanism. For example, a barbed sleeve 52 may be inserted during or
after activation of the locking mechanism to secure the constriction sleeve 42 in an
activated position. The barbs of the barbed sleeve cut into the surface or otherwise
grip the surface of the transmission line 32 (or the sealing sleeve 40) to restrict
movement.

[0040] Referring to FIGS. 7-8, an embodiment of the locking mechanism
includes a deformable or elastic snap sleeve 54 that interacts with a shoulder 38 on the
transmission line 32 and/or the axial load sleeve 36 to provide a form fit. The snap
sleeve 54 elastically widens during axial sliding of a tapered end 56 over the axial
load sleeve 36 (or other increased diameter portion of the transmission line 32) and
deforms back after passing the shoulder 38. In one embodiment, the snap sleeve
includes an axial slot 58 that allows the snap sleeve 54 to widen. The axial load
sleeve 36 and/or transmission line 32 interacts with the snap sleeve 54 via a form fit.
Additional elements, such as a locking sleeve 60 and a barbed sleeve 52 (shown in
FIG. 6), may be included to secure the position of the snap sleeve 54 after its
activation.

[0041] Referring to FIG. 9, in one embodiment, the locking mechanism
includes a feature such as the axial load sleeve that includes an external threaded
section. The threaded section is configured to engage a nut 62, sleeve or other
component that includes an interior threaded section. The tensile load is transmitted
by the threaded connection from the transmission line 32 to the nut 62. In one
embodiment, the nut 62 is configured to be screwed against a shoulder, obstruction or
other feature in the conduit 22 to restrict axial movement.

[0042] FIG. 10 shows an example of the axial load sleeve 36 that is welded,
brazed, glued or otherwise permanently attached to an outer surface of the
transmission line 32. In one embodiment, the sleeve 36 includes axial slots to

increase the welded or joined length. The sleeve provides an external diameter that
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corresponds to an internal diameter of the conduit 22 to prevent axial movement, and may
also be configured to interact with or engage a shoulder (e.g., a changed diameter) or other
feature in the conduit 22.

[0043] One skilled in the art will recognize that the various components or
technologies may provide certain necessary or beneficial functionality or features.
Accordingly, these functions and features as may be needed in support of the appended
claims and variations thereof, are recognized as being inherently included as a part of the
teachings herein and a part of the invention disclosed.

[0044] While the invention has been described with reference to exemplary
embodiments, it will be understood by those skilled in the art that various changes may be
made and equivalents may be substituted for elements thereof without departing from the
scope of the invention. In addition, many modifications will be appreciated by those skilled
in the art to adapt a particular instrument, situation or material to the teachings of the
invention without departing from the essential scope thereof. Therefore, it is intended that
the invention not be limited to the particular embodiment disclosed as the best mode
contemplated for carrying out this invention, but that the invention will include all

embodiments falling within the scope of the appended claims.
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CLAIMS
What is claimed is:

1. An apparatus for securing a transmission line in a downhole
component, comprising:

an element coupled to an exterior surface of the transmission line, the
transmission line configured to be disposed in a communication conduit that extends
through the downhole component, the element configured to restrict axial movement
of the transmission line within the communication conduit.

2. The apparatus of claim 1, wherein the element is permanently joined to
the exterior surface.

3. The apparatus of claim 1, wherein the element is formed as an integral
part of the transmission line.

4. The apparatus of claim 1, wherein the transmission line is configured
to be secured to a first coupler at a first end of the downhole component and secured
to a second coupler at a second end of the downhole component, the transmission line
configured to be held in tension between the first end and the second end.

5. The apparatus of claim 1, wherein the element includes a shape
memory element surrounding a section of the transmission line.

6. The apparatus of claim 5, wherein the shape memory element is
configured to be deployed with the transmission line in a deployment shape, and
actuated to change the shape memory element into a remembered shape and form an
interference fit between the transmission line and the shape memory element.

7. The apparatus of claim 5, wherein the element includes an axial load
sleeve disposed between the transmission line and the shape memory element, the
axial load sleeve configured to engage an interior surface of the communication
conduit to restrict axial movement of the transmission line.

8. The apparatus of claim 1, wherein the element forms a shoulder that
extends radially from the surface and is configured to engage a feature on an interior
surface of the communication conduit.

9. The apparatus of claim 8, wherein the shoulder is formed by an axial
load sleeve permanently joined to the exterior surface.

10. The apparatus of claim 8, wherein the feature is formed by a transition
between an increased diameter portion of the communication conduit and a decreased

diameter portion of the communication conduit.
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11.  The apparatus of claim 8, further comprising at least one deformable element
configured to engage the shoulder upon actuation of the apparatus and form an interference
fit to restrict radial movement of the transmission line.

12.  The apparatus of claim 11, wherein the at least one deformable element
includes a constriction sleeve and a cone sleeve, the constriction sleeve configured to
surround the transmission line and configured to engage the shoulder and an interior surface
of the communication conduit, the cone sleeve configured to be moved axially and cause the
constriction sleeve to constrict radially and engage the shoulder to form an interference fit.

13.  The apparatus of claim 12, wherein the constriction sleeve includes a first
axial end configured to engage the interior surface of the communication conduit and a
second axial end including a deformable portion configured to deform upon axial movement
of the cone sleeve.

14.  The apparatus of claim 11, wherein the at least one deformable element
includes a snap sleeve configured to widen as the snap sleeve is advanced over the shoulder
and return to shape and form a form fit.

15.  The apparatus of claim 1, wherein the element includes a sleeve surrounding a
portion of the transmission line, the sleeve including an exterior threaded section configured
to engage an elongated sleeve including an interior threaded section.

16. A wired downhole component comprising;:

an elongated carrier having a first end including a first coupler and a second end
including a second coupler;

a transmission line extending between the first coupler and the second coupler and
disposed in a communication conduit that extends between the first end and the second end,
the transmission line secured to and held in tension between the first coupler and the second
coupler; and

an element coupled to an exterior surface of the transmission line and configured to
restrict axial movement of the transmission line within the communication conduit.

17.  The wired downhole component of claim 16, wherein the element includes a
shape memory element surrounding a section of the transmission line.

18.  The wired downhole component of claim 16, wherein the element forms a
shoulder that extends radially from the surface and is configured to engage an interior surface
of the communication conduit.

19.  The wired downhole component of claim 18, wherein the shoulder is formed

by an axial load sleeve permanently joined to the exterior surface.
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20.  The wired downhole component of claim 18, further comprising at
least one deformable element configured to engage the shoulder upon actuation of the
apparatus and form an interference fit to restrict radial movement of the transmission

line.
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