(]

10

20

WO 2020/139383 PCT/US2018/067963

THREADED JOINT FOR COUPLING TWO CONCENTRIC TUBES TO ONE TUBE

TECHNICAL FIELD
The disclosure generally relates to the ficld of mechanical engincering, and more particularly to

joints or fittings for pipes.
BACKGROUND

To create a chamber between two tubes with differing 1nner and outer diameters, the tubes are
concentrically positioned and sealed. The tubes can be secured and/or sealed through various
techniques {¢.g., metal-to-metal seals, elastomeric/non-elastomenc seals, threading, etc.). The

region within the inner tube may be utilized to contain equipment.

BRIEF DESCRIPTION OF THE DRAWINGS
Embodiments of the disclosure may be better understood by referencing the accompanying

drawings.

Figure 1 depicts an example apparatus which leverages a threaded joint to connect two

concentrc tubes to a single tube.

Figure 2 depicts a longitudinal cross-section view of a threaded joint formed by a threaded

coupling connecting two conceniric tubes to a single tube.

Figure 3 depicts a longitudinal cross-section of a join between two concentric tubes and one tube

which leverages a metal-to-metal sealing solution.

Figures 4 and 5 depict longitudinal cross-section views of a threaded joint formed by a threaded

coupling connecting two concentric tubes of varving thicknesses to a single wibe.

DESCRIPTION OF EMBODIMENTS

The description that follows includes example systems, methods, techniques, and program flows
that crbody embodiments of the disclosure. However, 1t is understood that this disclosure may
be practiced without these specific details. For instance, this disclosure refers to using a threaded
joint to join two concentrically positioned tubes to downhole tubing in iHustrative examples.

Embodiments of this disclosure can be instead applied to terminal tubular structures adapted for
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deployment to any environment. In other instances, well-known instruction iostances, protocols,

structures and technigues have not been shown in detail in order not to obfuscate the descrption.
Overview

When employing concentric tubing in an apparatus to be connected to downhole tubing, some
tvpes of seals will be unable to withstand the high temperaturcs and/or pressures of the downhole
envirtonment {e.g., elastomeric or non-elastomenic seals). A threaded joint has been designed for
metal-to-metal joint connections on the ends of the concentrically related mner and outer tubes
when joining the tubes to the dowshole tubing. The use of metal withstands the hostile aspects of
a downhole environment. The threaded joint feverages a threaded coupling for sccuring the foner
and outer tubes and joming both tubes o a single downhole tube as well as metal-to-metal
sealing on the ends of each tube. The inner tube is longer in length than the outer tube and
contains a single helical thread at #ts terminal end which extends bevond an internal shoulder for
receiving the threaded coupling. Threading a box end of the coupling onto the receiving end of
the mner tube establishes four flexing metal-to-metal seals between the joint components (t.e.,
the inner and cuter tubes and the threaded coupling). The inner and cuter tubes maintain contact
at the internal shoulder as a rosult of preloading the tubes to control distribution of tension and
compression. Preloading the inner and outer tubes 1o reduce the tension under which the mner
tube is placed relative to the cuter tube prevents breakages in the tubes which may arise dus to
imbalances in the maximum forces which the tubes can endure, therefore ensuring the structural
mtegrity of the concentric tubing when applying force to the downbole tubing which has been
threaded onto the pin end of the coupling. If the tubes are of varving thicknesses to cause a
narrowing of the region between the tubes past the internal shoulder, a nut may be placed
between the internal shoulder and the threaded coupling to preserve contact between the tubes at
the mtemal shoulder. Once the threaded joint 18 formed by securing the threaded coupling to the
preloaded tubes and the metal-to-metal sealing surfaces are in contact, the downhole tubing can

be joined to the concentrically positioned tubes.

Example Hlustrationg

Figure 1 depicts an example apparatus which leverages a threaded joint to connect two
concentrc tubes to a single tube. A tube assembly 100 includes an inner tube 102 concentrically
posttioned within an outer tube 101, The jnner diamcter (1)) of the outer tube 101 is greater than
the outer diameter {OD) of the mner tube 102 such that a chamber 103 15 formed between the
mnner tube 102 OD and the cuter tube 101 ID. The inner tube 102 and outer tube 101 mamtan
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contact at a load shoulder 104 which forms the terminal end of the chamber 103 at the end of the
tube assembly 100 onto which a threaded coupling 103 is threaded to form a threaded joint
which joins the inner tube 102, outer tube 101, and the threaded coupling 103 (the “joint end”).
The inner tube 102 is longer than the cuter tube 101 at the joint end for receiving the threaded
coupling 105, The threaded coupling 103 joins the inner tube 102 and the outer tube 101 to
tubing 107. Threading the threaded coupling 105 onto the inner tube 102 engaged with the outer
tube 101 and threading the tubing 107 onto the threaded coupling 105 joins the concentrically
positioned immer tabe 102 and outer tube 101 to the tubing 107, The threaded coupling 103 box

and pin ends provide for a secure join between two concentrically positioned tubes and one tube.

The inner tube 102 can be longer than the cuter tube 101, Applying preload to the outer tube 101
distributes tension and compression between the inmer tube 102 and outer tube 101 as a result of
the shorter length ot the outer tube 101 relative to the inner tube 102, The mner tube 102 18 first
threaded onto an inner receiving thread 108 to enclose assembly interior 106 within the mner
tube 102, The outer tube 101 i subsequently threaded onto an cuter receiving thread 109 uatil
the muner tube 102 and outer tube 101 are in contact at the load shoulder 104. Once the inner tube
102 and outer tube 101 shoulders are n contact at the load shoulder 104, the make-up of the
threading between the outer tube 101 and outer receiving thread 109 may be incomplete.
resulting i a gap. To close the gap, additional make-up torque is applied to the outer tube 101,
Because the outer tube 101 1s shorter than the mner tube 102 before threading the inner tube 102
and outer tube 101 onto the inmer receiving thread 108 and the cuter receiving thread 109,
respectively, applying additional make-up torque to the outer tube 101 distributes tensile forces
applied due to torqueing from the inner tube 102 to the outer tube 101, Preload is created in the
outer tube 101 as a result of torgueing which “stretches” the outer tube 101 such that the
threading makes up between the outer tube 101 and the outer receiving thread 109 and the gap is
closed. Additionally, torgueing the outer tube 101 compresses the imner tube 102 as the contact at
the load shoulder 104 15 tightened. The compression applied to the inner tube 102 and tension
applied to the cuter tube 101 resubting from preloading are maintained when the threaded
coupling 1035 is threaded onto the inner tube 102 and engages with both the inner tube 102 and
the outer tube 101. The shorter length of the outer tube 101 relative to the inver tube 102 in
addition to the preload contributes to strengthening of the threaded joint formed by the outer tube
101, imner tube 102, and threaded coupling 103, For mstance, once affected by tensile preload,
the outer tube 101 can sustain a greater applied foad relative to the inner tube 102 {e.g., when

puiling the tube assembly 100 by the tubing 107). As a result, breakages of the mner tube 102
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due to the applied load surpassing its maximum tolerated load prior to the applied load
surpassing the maximum tolerated load of the outer tube 101 can be prevented. Similarly, the
outer tube 101 can be longer than the mner tube 102, Preload may then be applied to the mner
tabe 102 sach that tensile forces are distributed to the mner tube 102 and the cuter tube 101 13
compressed. Distribution of compression and tension can be controlled as a result of differing

lengths of the inner tube 102 and the outer tube 101

Figurcs 2 depicts a longitudinal cross-section view of a threaded jomt formed by a threaded
coupling connecting two concentric tubes 1o a single tube. Figure 2 depicts a threaded jomt 200
which has been formed by threading the threaded coupling 105 onto the inner tube 102. The
tubing 107 is threaded onto the threaded coupling 105 The inner tube 102 and outer tube 101 are
concentrically positioned to form the chamber 103 between the inner tube 102 OD and outer tube
101 ID as described with reference to Figure 1. The load shoulder 104 is formed by an mwardly
protruding shoulder 208 of the outer tube 101 (Fouter tube shoulder 2087} and an outwardly
protruding showlder 212 of the inner tube 102 (“inner tube shoulder 2127}, The outer tube
shoulder 208 and mner tube shoulder 212 maintain tight contact as a result ot the preload applied
to the outer tube 101 prior to threading the threaded coupling 103 onto the inner tube 102 to form
the threaded joint 200, The inner tube 102 extends past the outer tube 101 with respect to the

load shoulder 104 to form a pin end 218 of the 1nner tube 102 (Minner tube pim end 2187).

The threaded coupling 105 includes a box end 213 and a pin end 214, The box end 213 contains
mtemnal threads 215 which are cut into the interior of the box end 213. The internal threads 215
of the box end 213 are threaded onto receiving threads 211 of the inner tube pin end 218 when
making up the threaded joint 200. A box end lip 217 which lacks threading protrudes from the
box end 213, The box end lip 217 meludes a lip face 222 which maintains contact with the outer
tube shoulder 208. The pin end 214 contains external threads 216 for recetving tubing intemal
threads 212 of the tubing 107. The pin end 214 terminates at a nose 226. Both the internal
threads 215 and the external threads 216 of the respective ends of the threaded coupling 105
terminate at an unthreaded coupling shoulder 223. The coupling shoulder 223 ncludes coupling
faces 224A-C. Faces of the mner tube 102, outer tube 101, and tubing 107 contact the coupling
faces 224A-C as a result forming the threaded joint 200 and sebscquently threading the tabing
107 onto the pin end 214. An outer tube face 225 of the outer tube 101 engages with the coupling
face 224A. An mner tube tace 220 of the inner tube pin end 213 engages with the coupling face

224B. A wbing face 221 of the tubing 107 engages with the coupling face 224C.
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Figure 3 depicts a longitudinal cross-section of a join between two concentric tubes and one tube
which leverages a metal-to-metal sealing solution. The threaded joint 200 emplovs a metal-to-
metal sealing solution for seals between the mner tube 102, outer tube 101, and threaded
coupling 105, Simularly, the joint between the threaded coupling 105 and the tubing 107 employs
a metal-to-metal sealing solution. After threading the box end 213 onto the inner tube pin end
218, thereby engaging the threaded coupling 105 with the inner tube 102 and outer tube 101 to
form the threaded joint 200, four metal-to-metal seals 309A-D are formed between the threaded
coupling 105 and the concentric tube assembly formed by the nner tube 102 and cuter tube 101,
Two metal-to-metal seals 309E-F arc formed between the threaded coupling 105 and the tubing
107 by the threaded connection between the pin end 214 and the tubing 107, The metal-to-metal
seals 309A-F (“seals 309A-F7) are capable of withstanding high-temperature and high-pressure
environments while preserving the structure of the assembly. For example, if the tubing 107 is
downhole tubing and the wbe assembly is deploved to a downhole environment, the seals 309A-
F will not dissolve or otherwise fail as a result of exposure 1o the ncreasing temperatures and
pressures of the environment. Further, some elastomeric or non-clastomeric sealing solutions
may alter the structure of the components of the threaded joint 200 {¢.g., by welding the inner
tube 102 and the outer tube 101). As a result, the join between the inner tube 102, outer tube 101,
and/or threaded coupling 105 cannot be disconnected without altering the construction of the
components. The seals 309A-F are formed as a result of direct contact between sealing surfaces
of the mner tube 102, outer tube 101, tubing 107, and threaded coupling 105 which arc inherent
to the structure of the tubes 101, 102, 107 and threaded coupling 103 rather than resulting from
modifications and/or welded additions (o the structure. As g result, the struciures need not be
altered to create the seals 309A-F, and the join between components of the threaded joint 200
can be removed by unthreading the tubing 107 and threaded coupling 105 from their respective

receiving threads 216 and 21 1

The seals 309A-F are formed by engagement of metal-to~-metal sealing surfaces 327A-F
{“scaling surfaces 327A-F7) of the threaded coapling 105 with a respective sealing sarface of the
mner tube 102, outer tube 101, or tubing 107, The seals 309A-C are formed by the engagement
of sealing surfaces 327A-C of the box end lip 217 with the inner tube 102 and outer tube 101
surfaces. The sealing surfaccs 3278 and 327C are adjacent to the lip face 222 on the box end lip
217 mterior and box end lip 217 exterior, respectively. The sealing surface 327A {s proxaimate to
the sealing surface 327C on the box end lip 217 exterior. The seal 3098 is formed by contact

between the sealing surface 3278 and an unthreaded portion of the inner tube pinend 218, The
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adjacent seals 309A and 309C are formed by the contact between the respective sealing surfaces
327Cand 327 A and the terminal portion of the outer tube 101 which continues past the outer tube
shoulder 208. The seal 309D 1s formed due to contact between a nose 325 of the wnner tube pin
end 218 with the sealing surface 327D adjacent to the coupling face 2248 of the threaded
coupling 105, The scals 309E-F are formed by contact between sealing surfaces 327E-F of the
pin cnd 214 and the tubing 107 threaded onto the threaded coupling 105, The seal 309E is
formed at an unthreaded portion of the pm end 214 adjacent to the couphing tace 224C by
engagement of the tubing 107 with the face 224 and adjacent sealing surface 327E. The seal
309F is formed as a result of contact between the tubing 107 with the nose 219 of the pin end

214 and sealing surface 327F located on the nose 219,

Flexible scal components 310A-E correspond to at least one of each of the scals 309A-F. The
flexible seal components 310A-E flex inwards and/or outwards in response to internal or external
pressure. The flexible seal components 310A-E may be spring-energized metal seals
concentrically positioned within ends of the 1nner tube pin end 218, outer tube 101, tubing 107
box end lip 217, and/or pin end 214, The threaded joint 200 exhibits three potential pressure
points at the box end 213 due to the chamber 103 between the inner tube 102 and cuter tube 101,
The four scals 309A-D and a corresponding set of flexibie seal components 310A-C respond to
pressurc exerted on the three pressure pounds at the box end 213, Similarly, two pressure points
exist at the pin end 214 due {o the join between the tubing 107 and the threaded coupling 103,
Two seals 309E-F and corresponding flexible scal components 310D-E are located at the pin end

214 to handke pressure exerted on the two pressure points.

Pressure affecting the seals 309A-D and flexible seal components 310A-C of the threaded joint
200 may onginate within the chamber 103, from the assembly interior 106, or outside of the
outer tube 101, In response to pressure from the chamber 103, the flexible seal component 310A
will either flex inwards towards the seal 309B (¢ g, if the pressure 15 exerted towards the mner
tube 102} or outwards towards the seal 309A {c. g, if the pressure is exerted towards the outer
tube 101} Internal pressure causes the fiexiblc seal component 310C to flex outwards towards
the seal 309D, Similarly, external pressure outside of the outer tube 101 (e.g., annular pressure)
causes the flexible seal component 310B to flex inwards towards the seal 309C. Flexing of the
flexible seal components 310A-C towards the seals 309A-D forms a “barrier” to the applied

pressure n response to pressure changes.
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Pressure affecting the seals 309E-F and flexable seal components 310D-E of the join between the
tubing 107 and the pin end 214 may onginate within the asscrmbly interior 106 or outside of the
tubing 107 {¢.g., annular pressure). Internal pressure causes the flexibie seal component 310E to
flex outwards towards the seal 309F. Similarly, external pressure originating outside of the
tubing causes the flexible seal component 310D to flex inwards towards the seal 309E. Flexing
of the flexible scal components 310D-E to form scals 309E-F forms a “barrier” to the applied

pressure n response to pressure changes.

Figures 4 and 5 depict longitudinal cross-section views of a threaded joint formed by a threaded
coupling connecting two concentric tubes of varying thicknesses to a single tube. A threaded
joint 400 is formed by joining a threaded coupling 406 to an tnner tube 401 and an outer tube
402 i which the inner tube 401 is concentrically posttioned. The distance between the 1D and
OD of the outer tube 402 15 greater than the distance between the 1D and OD of the inner tube
such that the outer tube 402 18 of greater thickness than the imner tube 401, An inwardly
protruding shoulder 404 of the outer tube 402 (“outer tube shoulder 4047} and an cutwardly
protruding shoulder 403 of the inner tube 401 (Yinner tube shoulder 4037} maintain contact at a
contact shoulder 405, The outer tube shoulder 404 may be shorter than the tnner tube shoulder
403. Preload may be applied to the outer tube 402 as similarty described with reference to Figure
1. Aninoer slecve 412 of the inner tube 401 and an outer sleeve 413 of the outer tube 402 extend

past the contact shoulder 305.

The distance between the OD of the imner sleeve 412 and the 1D of the outer slecve 413 may be
restrictive as a result of the varying thicknesses of the inner tube 401 and outer tube 402, For
mstance, the threaded coupling 406 may be unable to contact the contact shoulder 405 due to the
narrow region between the mner sleeve 412 and outer sleeve 413, To enforce the contact
between the inner tube shoulder 403 and outer tube shoulder 404, anut 407 can be leveraged.
Placing the nut 407 between the inner sleeve 412 and the outer sleeve 413 forces the outer tabe
shoulder 404 against the inner tube shoulder 403 and ensures proper positioning of the threaded
coupling 406 between the inner sleeve 412 and outer sleeve 413, Proper positioning of the
threaded coupling facilitates correct formation of metal-to-metal seals 409A-D (“seals 409A-1)
of the threaded joint 400. The nut 407 1s tightly made up by an assembly tool 410 to force the nut
407 against the contact shoulder 405, For example, the assembly tool 410 may be a torque sleeve
and a thread protector, where the torque sleeve facilitates threading the thread protector onto

internal threads of the nut 407,
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The threaded joint 400 can be formed by creating a threaded connection 411 between the
threaded coupling 406 and the inoer tube 401 and outer tube 402 once the nut 407 1s made up
with the assembly tool 410. The seals 409A-D are formed by engaging metal-to-metal sealing
surfaces of the mner tube 401 and outer tube 402 with the threaded coupling 406 as similarly
described with reference to Figures 2 and 3. The threaded coupling 406 may include flexible scal
components which flex towards the seals 409A-D in response to pressure. For instance, Figures
4 and 5 depict a flexible seal component 408 adjacent to a face 415 of the threaded coupling 406.
The flexible seal component 408 can flex mwards towards the scal 409B or outwards towards the
scal 409A 1o response to pressure originating between the tner tube 401 and outer tube 402 A
connecting tube (not pictured in Figures 4 and 5) may be secured to the concentric inner tube 401
and outer tube 402 via the threaded coupling 406 with a threaded connection between the
connecting tube and a receiving end 314 of the threaded coupling 406. The receiving end 414 of
the threaded coupling 406 provides for a similar connection between the threaded coupling 406
and the connecting tube as the connection between the threaded coupling (105 in Figures 1-3)

and the tubing (107 mn Figures 1-3) descnbed with reference to Figures 1-3.
Variations

While the aspects of the disclosure are described with reference to vanious implementations and
exploitations, 1t will be understood that these aspects are Hlustrative and that the scope of the
claims is not limited to them.  Many variations, modifications, additions, and improvements are

possible.

Plural instances may be provided for components or structures described hercin as a single
mstance. Finally, boundaries between various components are somewhat arbitrary. Other
allocations of functionality are envisioned and may fall within the scope of the disclosare. In
general, structures and functionality presented as separate components i the example
configurations may be implemented as a combined structure or component. Similarly, structures
presented as a single component may be implemented as separate components. These and other
variations, modifications, additions, and improvements may fall within the scope of the

disclosure.

Use of the phrase “at least one of” preceding a list with the conjunction “and” should not be
treated as an exclusive list and should not be construed as a list of categories with one tfem from

cach category, unless specifically stated otherwise. A clause that recites “at least one of A, B,
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and C” can be infringed with only one of the listed items, multiple of the listed items, and one or

maore of the tems in the list and another item not listed.

Examople Embodiments
Example embodiments include the following:

5 A threaded joint comprises a threaded coupling with a box end member. The box end member
comprises a box end lip. The threaded joint comprises an outer tube with an wnternally protruding
shoulder and an inner tube with an cxtemally protruding shoulder. The inner tube is
concentrically secured within the outer tube, and a terminal end of the wnner tube comprises a pin
end member. The pin end member is engaged with the box end member of the threaded coupling

10 and the box end lip engages with the outer tube and the muer tube. The mnternally protruding

shoulder and externally protruding shoulder are 1 contact a load shoulder. The pin end member

of the mner tube extends past the load shoulder. A plurality of metal-to-metal seals are formed

between metal-to-metal sealing surfaces of the threaded coupling, toner tube, and cuter tube.

The threaded jont further comprises a plurality of flexible seal components. Each of the plurality

ot
(v

of flexible seal components corresponds to at least one of the plurality of metal-to-metal seals.
The length of the inner tube differs from the length of the outer tube.

Preload tension 18 created in the outer tube and the inner tube is compressed.

Preload tension 1s created in the mmner tube and the outer tube is compressed.

The outer tube 1s unthreaded.

20 Engagement of the box end lip with the outer tube and the jnner tube forms a first, second, and

third of the plurality of metal-to-metal seals.

A nose of the pin end member of the inner tube engages with an internal face of the threaded

coupling to form a fourth of the plurality of metal-to-metal seals.
The outer tube is of a greater thickness than the inner tube.

25 The threaded joint further comprises a nut secured between the load shoulder and the threaded

coupling,
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A threaded coupling comprises a box end. The box end comprises intemal threading positioned
between a first ip and a first box end metal-to-metal sealing surface. The first lip comprises a
first plurality of box end metal-to-metal sealing surfaces. A pin end comprises extemnal threading
positioned between a first pin end metal-to-metal sealing surface and a first nose. The first nose
comprises a second pin end metal-to-metal sealing surface. A coupling shoulder has a first

plurality of shoulder faces. The box end and the pin end protrude from the coupling shoulder.

The threaded coupling further comprises a first flexible seal component, where the first flexible
seal component corresponds to at least one of the first plurality of box end metal-to-metal scaling

surfaces.
The first flexable scal component is integrated into the first lip.

The threaded coupling further comprises a second flexible seal component, where the second

flexable seal component corresponds to the second pin end metal-to-metal scaling surface.

A concentric tube assembly joined to a single tube comprises an inner tube engaged with an
outer tube at a load shoulder. The load shoulder is formed by an inner tube shoulder adjacent to
an outer tube shoulder. The inner tube comprises a first pin end with external threading. A
threaded coupling comprises a first box end with internal threading and a second pin end with

external threadimg. The first box end is threaded onto the first pin end to form a first threaded

joint engaging the mner tube, outer fube, and threaded coupling. A second threaded joint is

formed by threaded engagement of a second box end of the single tube with the sccond pin end.
The first threaded joint comprises a first plurality of metal-to-metal seals.

The concentric tube assembly joined to the single tube further comprises a first plorality of
flexible seal components. Each of the first plurality of flexible seal components corresponds to at

least one of the first plurality of metal-to~-metal seals.
The second threaded joint comprises a sccond plurality of metal-to-mctal seals.

The concentric tube assembly joined to the single tube further comprises a second plurality of
flexible seal components. Each of the second plurality of flexible seal components corresponds

to at least ong of the second plurality of metal-to-metal seals.

The concentric tube assembly joined to the single tube further comprises appiving preload to the
cuter tube, where the ooter tube is shorter than the inner fube.

10
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WHAT IS CLAIMED 15:

1. A threaded joint comprising:
a threaded coupling with a box end member, whercin the box end member comprises a
box end hip;
an outer tube with an intemally protrudimg shoulder;

5 an inner tube with an externally protruding shoulder, wherein the tnner tube is
concentrically sccured within the outer tube and a terminal end of the inner tube
comprises a pin end member, wherein the pin end member is engaged with the
box end member of the threaded coupling and the box end lip engages with the
outer tube and the mner tube;

10 a load shoulder at which the internallv protruding shoulder and externally protruding
shoulder are in contact, wheremn the pin end member of the inner tube extends
past the load shoulder; and

a plurality of metal-to-metal seals formed between metal-io-metal scaling surfaces of the

threaded coupling, inner tube, and outer tube.

I5 2. The threaded joint of claim 1 further compnsing a plurality of flexible scal components,
wherein cach of the plurality of flexable seal components corresponds to at least one of the

plurality of metal-to-metal seals.

3. The threaded jomt of claim 1, wherein the length of the inner tube differs from the length

of the outer tube.

26 4. The threaded joint of claim 3, wherem preload tension is created 1 the outer tube and the

inner tube s compressed.

5. The threaded joint of claim 3, wheremn preload tension is created n the inner tube and the

outer tube is compressed.

6. The threaded joint of claim 1, whercin the outer tube is unthreaded.

25 7. 'The threaded joint of claim 1, wherein engagement of the box end lip with the outer tube

and the inner tube forms a first, second, and third of the plurality of metal-to-metal seals.

11
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8. The threaded joint of claim 1, wherein a nose of the pin end member of the inner tube
engages with an niernal tace of the threaded coupling to form a fourth of the plurality of

metal-to-metal seals,

9. The threaded joint of claim 1, wherem the outer tube 1s of a greater thickness than the

inner tube.

10. The threaded joint of claim 9 further comprising a nut secured between the load shoulder

and the threaded coupling.

11. A threaded coupling comprising;

a box end, wherein the box end comprises internal threading positioned between a first
lip and a first box end metal-to-metal sealing surface, and wherein the first bip
comprises a first plurality of box end metal-to-metal scaling surfaces;

a pin end, wherein the pin end comprises external threading positioned between a first pin
end metal-to-metal sealing surface and a first nose, and wherein the first nose
comprises a second pin end metal-to-metal sealing surface; and

a coupling shoulder with a first plurality of shoulder faces, wherein the box end and the

pin end protrude from the coupling shoulder.

12. The threaded coupling of claim 11 further comprismg a first flexible seal component,
wherein the first flexible seal component corresponds to at least one of the first plurality of

box end metal-to-metal sealing surfaces.

13. The threaded coupling of claim 12, wherein the first flexable scal component 18 integrated

into the first hip,

14, The threaded coupling of claim 11 further compnising a second flexable seal component,
wherein the second flexible seal component corresponds to the second pin end metal-to-

metal sealing surface.

15. A concentric tube assembly joined to a single tube comprising:
an inner tube engaged with an outer tube at a load shoalder, wherein the load shoulder is
formed by an inner tube shoulder adjacent to an outer tube shoulder, and wherein

the inner tube comprises a first pin end with external threading;

12
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athreaded coupling comprising a first box end with internal threading and a second pin
end with external threading, wherein the first box end is threaded onto the first pin
end to form a first threaded joint engaging the inner tube, outer tube, and threaded
coupling; and
3 a second threaded joint formed by threaded engagement of a second box end of the single

tube with the second pin cnd.

16. The concentric tube assembly joined to the single tube of claim 15, whercin the first

threaded joint comprises a first plurality of metal-to-metal seals.

17. The concentric tube assembly joined to the single tube of claim 16 further comprising a
10 first plurality of flexible seal components, wherein cach of the first plurality of flexible scal

components corresponds to at least one of the first plurality of metal-to-metal seals.

18. The concentric tube assembly joined to the single tube of claim 13, wherein the second

threaded joint comprises a second plurality of metal-to-metal seals.
19. The concentric tube agssembly joined to the single tube of claim 18 further comprsing a
15 second plurality of flexible seal components, wherein cach of the second plurality of flexible

seal components corresponds to at least one of the second plurality of metal-to-metal seals.

20. The concentric tube assembly joined to the single tube of claim 15 further comprnising

applying preload to the outer tube, wherein the cuter tube is shorter than the inner tube.

13



