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collapsed state and expanded upon installation to provide increased cov-
erage of a tubing string to be reinforced by the bend stiffener. The bend
stiffener is expandable upon the tripping of tubing through the bend
stiffener. The bend stiffener includes a flexible sleeve having an outer
flange at an upper end and sized to receive the tubing. The bend stiffen-
er also includes an intermediary sleeve and an external sleeve. The inter-
mediary sleeve has a cylindrical body and an internal flange for enga-
ging and supporting the outer tlange of the flexible sleeve. Similarly, the
external sleeve has an internal flange for supporting an external flange
of the intermediary sleeve. When installed, the flexible sleeve slides
from the intermediary sleeve and the intermediary sleeve slides from the
external sleeve so that each sleeve encloses and reinforces a segment of
tubing.



WO 2017/111900 A1 WK 00T 00T T O AR

SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, Published:
GW, KM, ML, MR, NE, SN, TD, TG).

—  with international search report (Art. 21(3))
Declarations under Rule 4.17:

—  of inventorship (Rule 4.17(iv))



10

15

20

WO 2017/111900 PCT/US2015/067067

IN SITU LENGTH EXPANSION OF A BEND STIFFENER

FIELD

[0001] The present disclosure relates to the production of hydrocarbons, and more particularly
to systems for deploying coiled tubing from a floating vessel to conduct either intervention

operations into a pipeline or a subsea structure such as a well or manifold.
BACKGROUND

[0002] Offshore hydrocarbon exploration and producing operations are typically executed from
a vessel or drilling rig. A drilling rig may be located on a floating platform or a bottom-founded
platform that extends upward from the sea floor (i.e., a riser). While a bottom-founded platform
is supported by the sea floor, a floating platform is typically based on a ship or tension-leg
platform which is supported by buoyancy and floats at the surface of the water. Floating
platforms may be untethered and be riser-less, and may be considered the norm in deep-water

drilling, production and intervention applications.

[0003] Operations from floating platforms may involve riser less activities using a coiled tubing
tool string which is deployed from a spool on the floating platform. The tool string may be
unsupported between the floating platform and a tie in point below surface e.g. at the sea floor.
The tool string may extend through the surface tie in point into a geological formation to form,
prepare, or operate a well. The coiled tubing may generally be understood to be a continuous
lighter weight string, as compared to string segments assembled from thicker-gauge steel pipe.
The coiled tubing tool string may function as a drilling tool string, but may also be used for

intervention purposes or as a tie in mechanism to a subsea manifold.
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Brief Description of the Drawings

[0004] Nlustrative embodiments of the present disclosure are described in detail below with
reference to the attached drawing figures, which are incorporated by reference herein, and

wherein:

[0005] FIG. 1 is a schematic, side view of a floating platform from which a coiled tubing tool

string has been deployed into a wellbore;

[0006] FIG. 2 is a side, section view of a bend stiffener that may be used to reinforce the tool

string of FIG. 1 in an unexpanded state;

[0007] FIG. 3 is a side, section view of a bend stiffener that may be used to reinforce the tool

string of FIG. 1 in an expanded state; and

[0008] FIGs. 4A-4C are sectional views of internal features of alternative embodiments interior

surfaces of the bend stiffener of FIGs. 2 and 3.

[0009] The illustrated figures are only exemplary and are not intended to assert or imply any
limitation with regard to the environment, architecture, design, or process in which different

embodiments may be implemented.
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Detailed Description

[0010] The present disclosure relates to a coiled-tubing bend stiffener that is used to prevent
excessive bending of a coiled tubing string from a deployment location, such as a floating
platform. The bend stiffener has a first, flexible sleeve that has a first outer flange at an upper
end. The flexible sleeve is sized and configured to receive a segment of coiled tubing and as
such, may have an inner diameter that is nominally larger or approximately equal to the
diameter of the tubing, though some clearance may be provided to account for any intermediary
components. The bend stiffener also includes an intermediary sleeve that is generally
cylindrical but has an inner intermediary flange extending from a lower end and an outer
intermediary flange extending from an upper end. Outside of the intermediary sleeve is a
generally cylindrical external sleeve that has an internal flange extending from a lower end of
the external sleeve. The first, flexible sleeve is positioned within the intermediary sleeve and
the intermediary sleeve is positioned within the external sleeve. The assembly allows for the
flexible sleeve to slide downward from the intermediary sleeve until the first outer flange
engages the inner intermediary flange. Similarly, the inner intermediary flange is allowed to
slide downward from the external sleeve until the outer intermediary flange engages the internal
flange of the external sleeve. The components of the bend stiffener are thereby nested together
such that the bend stiffener may be shipped in a compact, contracted state, and then extended
upon deployment to provide a bend stiffener that may be provided with an extended length at

the site of deployment.

[0011] As noted above, coiled tubing tool strings may be used in any number well development
and production operations, including drilling, logging, production and pipeline commissioning.
A representative system 100 is shown in FIG. 1. The system 100 includes a tool string 122,
which is shown as being deploved in a riserless setting from a floating platform 101. The tool

string 122 is deployed towards a subsea manifold 114 that may be near a wellbore 118 at the sea
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floor 116. The tie-in point connecting the tool string 122 to the subsea manifold 114 may be at
the sea floor 116 or may be located at a point above the sea floor 116. Pipes 119 connect the
subsea manifold 114 to other subsea manifolds (not shown), trees (not shown), or wells (not
shown) to provide conduits to and from the respective structures. The tool string 122 may be
coiled tubing and may be deployed from a spool 104 with or without the use of an injector 106.
A bend stiffener 120 is attached to the platform 101, and the tool string 122 is routed through
the bend stiffener 120, so that the bend stiffener 120 may function to reinforce the tool string
122 at the point of deployment to minimize shear stresses experienced by the coiled tubing at

surface which forms the deployment string.

[0012] The tool string 122 may be formed from a metal, such as steel, a composite, or any other
suitable material. Since the tool string 122 is unsupported below the bend stiffener 120 the tool
string 122 is subject to tensile forces resulting from the weight of the deployed length of tubing
during deployment in addition to shear and torsional forces resulting from the effects of water
currents on the tool string 122 and platform 101. The tool string 122, as shown in the
deployment of FIG. 1, is laterally constrained from movement at the platform 101 and at the
subsea manifold 114. The intermediate portion of the coiled tool string 122, however, may
deform laterally or “bow” as a result of lateral forces generated by water currents. This type of
deformation may become larger as depth increases and water currents generate a force over a

greater length of the deployed portion of the tool string 122.

[0013] As depth increases and corresponding lateral forces increase, the tool string 122 may
exhibit a tendency to buckle. This tendency may be exhibited more prominently at the floating
platform 101 and at the subsea manifold 114 where the tool string 122 is constrained. The
buckling tendency is understood to result from the tool string 122 bending with too small of a

bend radius, and is most likely to occur at the points of constraint. The bend stiffener 120
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operates to reinforce the tool string 122, enhancing ability of the tool string 122 to withstand the

above mentioned lateral forces that might otherwise induce buckling.

[0014] The bend stiffener 120 helps to maintain a minimum bend radius for the tool string 122
in the interest of preventing failure of the tool string 122. A bend limiter or bend stiffener, as
discussed herein, is generally understood to be any device that restricts bending of a tube.
Conventional bend limiters include bellmouths and bend restrictors. A bellmouth is a flared,
funnel-shaped device having a radius of curvature that is selected based on the minimum
allowable bend radius of the tubing used to form the tool string 122. A conventional bend
restrictor or bend stiffener serves the same purpose, but can be formed from opposing,
interlocking half-ring segments that resist bending beyond a selected radius of curvature. A

bend stiffener can also be a single piece cone shaped device.

[0015] In an illustrative embodiment of the present disclosure, a bend stiffener 120 is provided
that is collapsible and expandable. The bend stiffener may occupy a selected amount of space
in a payload or shipping container in a first, collapsed state. In a second, expanded state, the
bend stiffener may be deployed over an expanded length of the tool string that is being
reinforced by the bend stiffener, thereby providing an enhanced resistance to buckling while

still being transportable using more conventional shipping and installation methods.

[0016] Referring now to FIG. 2, a bend stiffener 200 is shown in the collapsed, un-deployed
state. The bend stiffener 200 includes a first, flexible sleeve 202 that is fabricated to be in
contact with, or very close to, the tool string to be supported by the bend stiffener 200. In an
embodiment, the first, flexible sleeve 202 is fabricated from the same material as the tool string.
As such, the flexible sleeve may be a steel alloy, titanium alloy, composite, or any other suitable
material. The first, flexible sleeve 202 may include a contact sleeve 208. The contact sleeve
208 may be a polytetrafluoroethylene surface, a brass alloy surface, or any other suitable

material. In an embodiment, the contact sleeve 208 is an intermediate component that is
-5-
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selected to reduce-friction against the surface of tubing that is tripped though a center-bore 222

of the first, flexible sleeve 202.

[0017] A variety of contact sleeves 400 are shown in FIGS. 4A-4C and are analogous to the
contact sleeve 208 described with regard to FIG. 2. A contact sleeve 400A may have a smooth,
low friction inner surface 402A, as shown in FIG. 4A. Alternatively, or in addition, a contact
sleeve 400B may have a castellated inner surface 402B, as shown in FIG. 4B. As a further
alternative or additional friction reducing measure, a contact sleeve 400C may have ball

bearings 402C or rollers contact tubing that is run through the contact sleeve 400C.

[0018] Referring again to FIG. 2, the first, flexible sleeve 202 may be configured to be flexible
to provide a bending radius for tubing that is reinforced by the bend stiffener. To facilitate such
flexibility, the thickness of the flexible sleeve 202 may be selected to allow a selected bend
radius at the base of the first, flexible sleeve 202. In an embodiment, the selected bend radius
may decrease, or provide for a sharper bend, at the base of the first, flexible sleeve 202. In such
an embodiment, the first, flexible sleeve 202 may be tapered such that a lower portion of the
first, flexible sleeve 202 is thinner than the upper portion of the first, flexible sleeve 202. In
FIG. 2, the first, flexible sleeve 202 has a constant inner diameter and a tapered outer surface
214. The tapered outer surface 214 has a first outer diameter at a lower end and a second outer
diameter at the upper end. The first diameter is smaller than the second outer diameter and may

approach the inner diameter at the lower end.

[0019] The first, flexible sleeve 202 may also include a first, outer flange 224. The first, outer
flange may support the first flexible, sleeve 202 when the bend stiffener 200 is deployed, as
described below with regard to FIG. 3. In a collapsed, unexpanded state, however, the first
outer flange 224 is offset from an inner intermediary flange 226 of an intermediary sleeve 204.
Similar to the first, flexible sleeve 202, the intermediary sleeve 204 includes a generally

cylindrical body having an outer intermediary flange 230 and is formed from a similar material
-6-
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to the first, flexible sleeve 202. The outer intermediary flange 230 supports the intermediary
sleeve 204 when the bend stiffener 200 is in an expanded, deployed state, as described below
with regard to FIG. 3. In the collapsed state shown in FIG. 2, however, the outer intermediary
flange 230 is offset from an internal flange 228 of an external sleeve 206. The external sleeve
206 also has a generally cylindrical body and may be formed from a similar material to the first,

flexible sleeve 202 and intermediary sleeve 204,

[0020] In some embodiments, the bend stiffener 200 may include multiple intermediary sleeves
230 nested within one another. In such embodiments, the innermost intermediary sleeve is
adjacent the first, flexible sleeve 202 and the outermost intermediary sleeve 204 is adjacent the
external sleeve 206. Two, three, four, or more additional intermediary sleeves 204 may be used.
In the embodiment shown in FIG. 2, the first, flexible sleeve 202 is positioned within the

intermediary sleeve 204, which is in tum positioned within the external sleeve 206.

[0021] In a preferred embodiment, the first, flexible sleeve 202, intermediary sleeve 204, and
external sleeve 206 may each have about the same height such that for a given collapsed height,
the an increased bend stiffener length, or expanded height may be obtained in an expanded state.
To that end, the first, flexible sleeve 202 may be sized to slide within the intermediary sleeve
204, and the intermediary sleeve 204 may be sized to slide within the external sleeve in a

telescoping manner (i.e., in a manner resembling the nested sleeves of some telescopes).

[0022] To accommodate such sliding while maintaining rigidity, the outer diameter of the first,
outer flange 224 is approximately equal to, or only slightly smaller than, the inner diameter of
the cylindrical body of the intermediary sleeve 204 and the outer diameter of the generally
cylindrical body of the first, flexible sleeve 202 may be approximately equal to, or slightly
smaller than, the inner diameter of the inner intermediary flange 226. In addition or in the
alternative, fasteners, welds, or other joints may be used to join the first, outer flange 224 to the

inner intermediary flange 226 when the bend stiffener is in an expanded state. Similarly, the
-7-
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outer diameter of the outer intermediary flange 230 is approximately equal to, or only slightly
smaller than, the inner diameter of the cylindrical body of the external sleeve 206 and the outer
diameter of the generally cylindrical body of the intermediary sleeve 204 may be approximately
equal to, or slightly smaller than, the inner diameter of the internal flange 228 of an external
sleeve 206. In addition or in the alternative, fasteners, welds or other joints may be used to join
the outer intermediary flange 230 to the inner flange 228 of the external sleeve 206 when the
bend stiffener is in an expanded state. In some embodiments, the flexible sleeve 202, the
contact sleeve 208, the split sleeves 210 and 212, the outer flange 224, and the intermediary
flange 230 also have castellated outer surfaces to facilitate installation of the components of the

bend stiffener 200.

[0023] Referring now to FIG. 3, the bend stiffener 200 is shown in an expanded, deployed state.
In the deployed state, the first, flexible sleeve 202 is fully extended from the intermediary sleeve
204, which is in turn fully extended from the external sleeve 206. A segment of coiled tubing
220 has been run through the center-bore 222 of the bend stiffener 200, and an external flange
232 of the external sleeve is fastened or fixed relative to a support structure of, for example, a

platform.

[0024] In the expanded state, the length of the bend stiffener 200 is increased so that the bend
stiffener 200 reinforces an increased length of tubing 220 relative to the length that could be
supported by the collapsed bend stiffener 200. In an embodiment, the first, flexible sleeve 202,
intermediary sleeve 204, and external sleeve 206 may have a length of approximately eight
meters in a collapsed state and just under twenty-four meters in an expanded state. In the
expanded state, a lower surface of the first outer flange 224 contacts an upper surface of inner
intermediary flange 226 and a lower surface of outer intermediary flange 230 is offset from an
internal flange 228 of external sleeve 206. In this expanded configuration, the external sleeve

206 is supported by a platform 234 or other support structure, the intermediary sleeve 204 is
-8-
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supported by the external sleeve 206, and the first, flexible sleeve 202 is supported by the

intermediary sleeve 204.

[0025] To enhance stiffness or otherwise provide for insulation between the tubing 220 and the
intermediary sleeve 204 and/or between the tubing 220 and external sleeve 206, one or more
split sleeves 210, 212 may be inserted. The split sleeves 210, 212 of FIG. 3 are inserted as
collars about the tubing 220 to occupy empty space between the tubing 220 and intermediary
sleeve 204 and between the tubing 220 and external sleeve 206, respectively. The split sleeves
210, 212 may restrict bending of the tubing 220 above the first, flexible sleeve 202. In such an
embodiment, the lower split sleeve 210 has an outer diameter that is approximately equal to or
slightly less than the inner diameter of the cylindrical body of the intermediary sleeve 204 and
the upper split sleeve 212 has an outer diameter that is approximately equal to or slightly less
than the inner diameter of the cylindrical body of the external sleeve 206. The inner diameter of
the lower split sleeve 210 and upper split sleeve 212 may be approximately equal to or slightly

larger than the tubing 220 to provide a close fit.

[0026] In accordance with a first illustrative method for deploying the bend stiffener 200, the
external sleeve 206 may first be installed or fixed relative to a platform 234 or other support
structure. Thereafter, the coiled tubing may be run through the center-bore 222 from, for
example, a spool, to a downhole location (e.g., a subsea wellhead). The method includes
extending or allowing to extend, the first, flexible sleeve 202 from the intermediary sleeve 204
and the intermediary sleeve 204 from the external sleeve 206. Once extended, the first flexible
sleeve 202 may be fixed relative to the intermediary sleeve 204 by, for example, joining the
first, outer flange 224 to the inner intermediary flange 226. Similarly, the intermediary sleeve
204 may be fixed relative to the external sleeve 206 by joining the outer intermediary flange

230 to the inner flange 228 of the external sleeve 206. The method may further include
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installing one or more split sleeves 210, 212 about the tubing 220 and inside of the intermediary

sleeve 204 and external sleeve 206, respectively.

[0027] The above-disclosed embodiments have been presented for purposes of illustration and
to enable one of ordinary skill in the art to practice the disclosure, but the disclosure is not
intended to be exhaustive or limited to the forms disclosed. Many insubstantial modifications
and variations will be apparent to those of ordinary skill in the art without departing from the
scope and spirit of the disclosure. The scope of the claims is intended to broadly cover the
disclosed embodiments and any such modification. Further, the following clauses represent
additional embodiments of the disclosure and should be considered within the scope of the

disclosure:

[0028] Clause 1: a coiled-tubing bend stiffener comprising: a first, flexible sleeve comprising a
first outer flange at an upper end of the first, flexible sleeve and being sized and configured to
receive a segment of coiled tubing; an intermediary sleeve having a generally cylindrical body
comprising an inner intermediary flange extending from a lower end of the intermediary sleeve
and an outer intermediary flange extending from an upper end of the intermediary sleeve; and
an external sleeve having a generally cylindrical body comprising an internal flange extending
from a lower end of the external sleeve, wherein the first, flexible sleeve is positioned within the
intermediary sleeve and wherein the intermediary sleeve is positioned within the external

sleeve.

[0029] Clause 2: the coiled-tubing bend stiffener of any combination of clause 1, wherein the
first, flexible sleeve comprises a constant inner diameter and a tapered outer surface having a
first outer diameter at a lower end and a second outer diameter at the upper end, wherein the

first outer diameter is smaller than the second outer diameter.

-10-
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[0030] Clause 3: the coiled-tubing bend stiffener of any combination of clauses 1 and 2,
wherein an outer diameter of the first outer flange is approximately equal to an inner diameter
of the intermediary sleeve and wherein the outer diameter of the outer intermediary flange is

approximately equal to the inner diameter of the external sleeve.

[0031] Clause 4: the coiled-tubing bend stiffener of any combination of clauses 1-3, wherein the
first, flexible sleeve is operable to telescopingly slide within the intermediary sleeve and

wherein the intermediary sleeve is operable to telescopingly slide within the external sleeve.

[0032] Clause 5: the coiled-tubing bend stiffener of any combination of clauses 1-4, further
comprising a second intermediary sleeve, wherein the intermediary sleeve is positioned within
the second intermediary sleeve and wherein the second intermediary sleeve is positioned within

the external sleeve.

[0033] Clause 6: the coiled-tubing bend stiffener of any combination of clauses 1-5, wherein the
first, flexible sleeve is operable to telescopingly slide within the intermediary sleeve, the
intermediary sleeve is operable to telecscopingly slide within the second intermediary sleeve,

and the second intermediary sleeve is operable to telescopingly slide within the external sleeve.

[0034] Clause 7: the coiled-tubing bend stiffener of any combination of clauses 1-6, further
comprising a contact sleeve positioned within the first, flexible sleeve, the contact sleeve

comprising a friction reducing surface.

[0035] Clause 8: the coiled-tubing bend stiffener of any combination of clauses 1-7, wherein the

friction reducing surface comprises brass and polytetrafluoroethylene.

[0036] Clause 9: the coiled-tubing bend stiffener of any combination of clauses 1-8, wherein the

friction reducing surface comprises a castellated surface.

[0037] Clause 10: the coiled-tubing bend stiffener of any combination of clauses 1-9, further

comprising a first split sleeve having an outer diameter that is approximately equal to the inner
-11-
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diameter of the intermediary sleeve and an inner diameter that is approximately equal to the
inner diameter of the first, flexible sleeve.

[0038] Clause 11: a method of deploying coiled tubing to a subsea wellbore, the method
comprising: extending coiled tubing through a bend stiffener, wherein the bend stiffener
comprises: a first, flexible sleeve comprising a first outer flange at an upper end of the first,
flexible sleeve and being sized and configured to receive a segment of coiled tubing; an
intermediary sleeve having a generally cylindrical body comprising an inner intermediary flange
extending from a lower end of the intermediary sleeve and an outer intermediary flange
extending from an upper end of the intermediary sleeve; and an external sleeve having a
generally cylindrical body comprising an internal flange extending from a lower end of the
external sleeve, wherein the first, flexible sleeve is positioned within the intermediary sleeve

and wherein the intermediary sleeve is positioned within the external sleeve.

[0039] Clause 12: the method of clause 11, further comprising: extending the first, flexible
sleeve from the intermediary sleeve; and extending the intermediary sleeve from the external

sleeve.

[0040] Clause 13: the method of any combination of clauses 11 and 12, wherein the bend
stiffener further comprises a second intermediary sleeve positioned within the external sleeve,
wherein the intermediary sleeve is positioned within the second intermediary sleeve, the method
further comprising: extending the intermediary sleeve from the second intermediary sleeve; and

extending the second intermediary sleeve from the external sleeve.

[0041] Clause 14: the method of any combination of clauses 11-13, wherein the first, flexible
sleeve comprises a constant inner diameter and a tapered outer surface having a first outer
diameter at a lower end and a second outer diameter at the upper end, wherein the first outer

diameter 1s smaller than the second outer diameter.

-12-
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[0042] Clause 15: the method of any combination of clauses 11-14, wherein the outer diameter
of the first outer flange is approximately equal to an inner diameter of the intermediary sleeve
and wherein the outer diameter of the outer intermediary flange is approximately equal to the

inner diameter of the external sleeve.

[0043] Clause 16: the method of any combination of clauses 11-15, further comprising
positioning a first split sleeve within the first, flexible sleeve and about the coiled tubing,
wherein the first split sleeve has an outer diameter that is approximately equal to the inner
diameter of the intermediary sleeve and an inner diameter that is approximately equal to the

inner diameter of the first, flexible sleeve.

[0044] Clause 17: A subsea intervention system comprising: a coiled tubing spool; a coiled
tubing string; and a bend stiffener comprising: a first, flexible sleeve comprising a first outer
flange at an upper end of the flexible sleeve and being sized and configured to receive a
segment of coiled tubing; an intermediary sleeve having a generally cylindrical body
comprising an inner intermediary flange extending from a lower end of the intermediary sleeve
and an outer intermediary flange extending from an upper end of the intermediary sleeve; and
an external sleeve having a generally cylindrical body comprising an internal flange extending
from a lower end of the external sleeve, wherein the first, flexible sleeve is positioned within the
intermediary sleeve and wherein the intermediary sleeve is positioned within the external

sleeve.

[0045] Clause 18: the subsea intervention system of clause 17, wherein the first, flexible sleeve
comprises a substantially constant inner diameter and a tapered outer surface having a first outer
diameter at a lower end and a second outer diameter at the upper end, wherein the first outer

diameter 1s smaller than the second outer diameter.

-13-
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[0046] Clause 19: the subsea intervention system of any combination of clauses 17 and 18,
wherein an outer diameter of the first outer flange is approximately equal to an inner diameter
of the intermediary sleeve and wherein the outer diameter of the outer intermediary flange is

approximately equal to the inner diameter of the external sleeve.

[0047] Clause 20: the subsea intervention system of any combination of claims 17-19, wherein
the first, flexible sleeve is operable to telescopingly slide within the intermediary sleeve and

wherein the intermediary sleeve is operable to telescopingly slide within the external sleeve.

[0048] As used herein, the singular forms “a”, “an™ and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise. It will be further understood that
the terms “comprise” and/or “comprising,” when used in this specification and/or the claims,
specify the presence of stated features, steps, operations, elements, and/or components, but do
not preclude the presence or addition of one or more other features, steps, operations, elements,
components, and/or groups thereof. In addition, the steps and components described in the
above embodiments and figures are merely illustrative and do not imply that any particular step
or component is a requirement of a claimed embodiment.

[0049] It should be apparent from the foregoing that embodiments of an invention having
significant advantages have been provided. While the embodiments are shown in only a few
forms, the embodiments are not limited but are susceptible to various changes and modifications

without departing from the spirit thereof.

[0050] What is claimed is:

-14-
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Claims
1. A coiled-tubing bend stiffener comprising:
a first, flexible sleeve comprising a first outer flange at an upper end of the first,
flexible sleeve and being sized and configured to receive a segment of coiled
5 tubing;
an intermediary sleeve having a generally cylindrical body comprising an inner
intermediary flange extending from a lower end of the intermediary sleeve and
an outer intermediary flange extending from an upper end of the intermediary
sleeve; and
10 an external sleeve having a generally cylindrical body comprising an internal flange
extending from a lower end of the external sleeve,
wherein the first, flexible sleeve is positioned within the intermediary sleeve and

wherein the intermediary sleeve is positioned within the external sleeve.

2. The coiled-tubing bend stiffener of claim 1, wherein the first, flexible sleeve comprises a
15 constant inner diameter and a tapered outer surface having a first outer diameter at a
lower end and a second outer diameter at the upper end, wherein the first outer diameter

1s smaller than the second outer diameter.

3. The coiled-tubing bend stiffener of claim 1, wherein an outer diameter of the first outer
flange is approximately equal to an inner diameter of the intermediary sleeve and
20 wherein the outer diameter of the outer intermediary flange is approximately equal to the

mnner diameter of the external sleeve.

4. The coiled-tubing bend stiffener of claim 1, wherein the first, flexible sleeve is operable
to telescopingly slide within the intermediary sleeve and wherein the intermediary sleeve

is operable to telescopingly slide within the external sleeve.
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10.

The coiled-tubing bend stiffener of claim 1, further comprising a second intermediary
sleeve, wherein the intermediary sleeve is positioned within the second intermediary
sleeve and wherein the second intermediary sleeve is positioned within the external

sleeve.

The coiled-tubing bend stiffener of claim 5, wherein the first, flexible sleeve is operable
to telescopingly slide within the intermediary sleeve, the intermediary sleeve is operable
to telecscopingly slide within the second intermediary sleeve, and the second

intermediary sleeve is operable to telescopingly slide within the external sleeve.

The coiled-tubing bend stiffener of claim 1, further comprising a contact sleeve
positioned within the first, flexible sleeve, the contact sleeve comprising a friction

reducing surface.

The coiled-tubing bend stiffener of claim 7, wherein the friction reducing surface

comprises brass and polytetrafluoroethylene.

The coiled-tubing bend stiffener of claim 7, wherein the friction reducing surface

comprises a castellated surface.

The coiled-tubing bend stiffener of claim 1, further comprising a first split sleeve having
an outer diameter that is approximately equal to the inner diameter of the intermediary
sleeve and an inner diameter that is approximately equal to the inner diameter of the

first, flexible sleeve.
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11. A method of deploying coiled tubing to a subsea wellbore, the method comprising:
extending coiled tubing through a bend stiffener, wherein the bend stiffener
comprises:

a first, flexible sleeve comprising a first outer flange at an upper end of the
first, flexible sleeve and being sized and configured to receive a segment
of coiled tubing;

an intermediary sleeve having a generally cylindrical body comprising an
inner intermediary flange extending from a lower end of the intermediary
sleeve and an outer intermediary flange extending from an upper end of
the intermediary sleeve; and

an external sleeve having a generally cylindrical body comprising an internal
flange extending from a lower end of the external sleeve,

wherein the first, flexible sleeve is positioned within the intermediary sleeve and

wherein the intermediary sleeve is positioned within the external sleeve.

12. The method of claim 11, further comprising;
extending the first, flexible sleeve from the intermediary sleeve; and

extending the intermediary sleeve from the external sleeve.

13. The method of claim 11, wherein the bend stiffener further comprises a second
intermediary sleeve positioned within the external sleeve, wherein the intermediary
sleeve is positioned within the second intermediary sleeve, the method further
comprising:

extending the intermediary sleeve from the second intermediary sleeve; and

extending the second intermediary sleeve from the external sleeve.

14. The method of claim 11, wherein the first, flexible sleeve comprises a constant inner

diameter and a tapered outer surface having a first outer diameter at a lower end and a
-17-
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second outer diameter at the upper end, wherein the first outer diameter is smaller than

the second outer diameter.

15. The method of claim 11, wherein the outer diameter of the first outer flange is
approximately equal to an inner diameter of the intermediary sleeve and wherein the
5 outer diameter of the outer intermediary flange is approximately equal to the inner

diameter of the external sleeve.

16. The method of claim 11, further comprising positioning a first split sleeve within the
first, flexible sleeve and about the coiled tubing, wherein the first split sleeve has an
outer diameter that is approximately equal to the inner diameter of the intermediary

10 sleeve and an inner diameter that is approximately equal to the inner diameter of the

first, flexible sleeve.

17. A subsea intervention system comprising;
a coiled tubing spool;
a coiled tubing string; and
15 a bend stiffener comprising:

a first, flexible sleeve comprising a first outer flange at an upper end of the
flexible sleeve and being sized and configured to receive a segment of
coiled tubing;

an intermediary sleeve having a generally cylindrical body comprising an

20 inner intermediary flange extending from a lower end of the intermediary
sleeve and an outer intermediary flange extending from an upper end of
the intermediary sleeve; and

an external sleeve having a generally cylindrical body comprising an internal

flange extending from a lower end of the external sleeve,
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wherein the first, flexible sleeve is positioned within the intermediary sleeve
and wherein the intermediary sleeve is positioned within the external

sleeve.

18. The subsea intervention system of claim 17, wherein the first, flexible sleeve comprises
5 a substantially constant inner diameter and a tapered outer surface having a first outer
diameter at a lower end and a second outer diameter at the upper end, wherein the first

outer diameter 1s smaller than the second outer diameter.

19. The subsea intervention system of claim 17, wherein an outer diameter of the first outer
flange is approximately equal to an inner diameter of the intermediary sleeve and
10 wherein the outer diameter of the outer intermediary flange is approximately equal to the

mnner diameter of the external sleeve.

20. The subsea intervention system of claim 17, wherein the first, flexible sleeve is operable
to telescopingly slide within the intermediary sleeve and wherein the intermediary sleeve
is operable to telescopingly slide within the external sleeve.

15
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PCT/US2015/067067

WO 2017/111900

1/3

100
N

104

a

106 ~_ S
@)

FIG. 1



WO 2017/111900 PCT/US2015/067067

2/3
'300
232 230 204 208 222 202
NN N,
| <
224A7<\><( ‘| ‘ ™\206
206/ ! ) |// | |
s di o
228 226 2\02 208 ;\04
FI1G. 2
-
232 212 |
234 N N
\
N
210
£
206" 208
222
|
200" J
204" T\ 204
208
214
202 || |
L) 220




WO 2017/111900 PCT/US2015/067067

400A 33

402A




INTERNATIONAL SEARCH REPORT International application No.
PCT/US2015/067067

A. CLASSIFICATION OF SUBJECT MATTER
E21B 17/01(2006.01)i, F16L 1/12(2006.01)i, E21B 15/02(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
E21B 17/01; F16L 3/12; F16L 3/08; F16L 57/00; B23P 11/00; F16L 1/24; F16L 1/12; E21B 15/02

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords: downhole, subsea, coiled tubing, bend, stiffener, sleeve, first, flange, inner, outer, and extend

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A US 2012-0241037 A1 (LUND, SJUR KRISTIAN) 27 September 2012 1-20
See paragraphs [0006], [0009] and figure 1.

A US 6220303 Bl (SECHER, PHILIPPE et al.) 24 April 2001 1-20
See column 11, line 65 — column 13, line 8 and figures 6-20.

A US 2010-0213015 A1 (CLEVELARIO, JUDIMAR et al.) 26 August 2010 1-20
See paragraphs [0039]-[0047] and figures 2-4.

A US 2007-0056741 A1 (FINN, LYLE et al.) 15 March 2007 1-20
See paragraphs [0024]-[0035] and figures 2-9.

A US 2008-0295912 A1 (LOUVAIN-WALTERS, PAUL) 04 December 2008 1-20
See claims 1-8 and figures 1-3.

. . . . N .
|:| Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referting to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
19 September 2016 (19.09.2016) 20 September 2016 (20.09.2016)
Name and mailing address of the [SA/KR Authorized officer

International Application Division
¢ Korean Intellectual Property Office KIM, Jin Ho
189 Cheongsa-ro, Seo-gu, Daejeon, 35208, Republic of Korea

inb;imile No. +82-42-481-8578 Telephone No. +82-42-481-8699

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2015/067067
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2012-0241037 Al 27/09/2012 EP 2503093 A2 26/09/2012
NO 20110419 A 24/09/2012
NO 336854 Bl 16/11/2015
US 8869840 B2 28/10/2014
US 6220303 Bl 24/04/2001 AT 250177 T 15/10/2003
AU 1998-67341 B2 12/10/2000
AU 6734198 A 12/10/1998
BR 9804779 A 17/08/1999
CA 2255119 Al 24/09/1998
CA 2255119 C 14/08/2007
CN 1220717 A 23/06/1999
DE 69818187 D1 23/10/2003
DK 0910723 T3 26/01/2004
EP 0910723 Al 28/04/1999
EP 0910723 B1 17/09/2003
FR 2760813 Al 18/09/1998
FR 2760813 B1 09/04/1999
NO 316725 Bl 19/04/2004
NO 984995 A 13/01/1999
NO 984995 DO 27/10/1998
0A 10922 A 21/02/2003
WO 98-41729 Al 24/09/1998
ZA 9801661 A 03/09/1998
US 2010-0213015 Al 26/08/2010 AT 449233 T 15/12/2009
BR P10714833 A2 21/05/2013
CN 101501293 A 05/08/2009
CN 101501293 B 04/07/2012
DE 602007003383 D1 31/12/2009
DK 2049759 T3 15/03/2010
EP 2049759 Al 22/04/2009
EP 2049759 Bl 18/11/2009
GB 0615723 DO 20/09/2006
US 8210775 B2 03/07/2012
WO 2008-017807 Al 14/02/2008
US 2007-0056741 Al 15/03/2007 US 7467914 B2 23/12/2008
US 2008-0295912 Al 04/12/2008 EP 2000628 A2 10/12/2008
EP 2000628 A3 14/09/2011
GB 0710615 DO 11/07/2007

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - wo-search-report
	Page 26 - wo-search-report

