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Titre : Threaded connection including an intermediate shoulder.

Abrégé :
A threaded tubular connection comprises a first o
tubular (12) component and a second tubular
component (14). The first tubular component (12)
includes a female portion (10) defined on an interior
surface of the first tubular component. The female
portion includes an inner threaded portion (16d) and
an outer threaded portion (16b) which are offset
radially with respect to a longitudinal axis of the first
tubular component by a first shoulder (26). The
second tubular component (14) includes a male
portion (18) defined on an exterior surface of the
second tubular component. The male portion is to be
inserted into the female portion, and includes an inner
threaded portion (18d) and an outer threaded portion
(18b) which are offset radially with respect to a
longitudinal axis of the second tubular component by
a second shoulder (28). The second shoulder is to
abut the first shoulder once the male portion is
connected to the female portion. The threaded tubular
connection comprises an inner short length fluid tight
seal.
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THREADED CONNECTION INCLUDING AN INTERMEDIATE SHOULDER

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

[0061] The present disclosure relates to apparatus and methods for connecting tubular
components, and more particularly, metallic tubular components connected by way of a
threaded male portion and a threaded female portion that are formed on longitudinal ends of

the tubular components.

DESCRIPTION OF THE RELATED ART

[0002] Certain types of threaded tubular connections are primarily used to connect tubular
components that form casing strings, tubing strings, or drill pipe strings to locate or transport
hydrocarbon as part of oil wells or the like. Threaded tubular connections are used on casing
strings for providing borehotle stability, and or to provide a smooth borehole to allow passage
of smaller casing strings, tubing or tools. Such threaded tubular connections are subjected to a
variety of combination of stresses that also fluctuate in intensity. For example, the stress may
be one or a combination of axial tension or axial compression or internal pressure, or external
fluid pressure, bending force, torsional force, etc. Tubular connections are designed to
withstand rupture and also provide tight liquid-sealing or gas-sealing despite the combination
of stresses and difficult operating conditions. The stresses may change in nature as the pipes
are lowered into the well or during operation. For example, tensile stresses may temporarily
change to compressive stresses.

[0003] There exists a variety of hydrocarbon carrying tubes that yield satisfactory results in
terms of mechanical characteristics and tightness. Some involve the use of tubular elements

each having one male threaded end and one female threaded end, making for a thin assembly.



10

15

20

20618

These assemblies are generally called integral assemblies or connections, in contrast with
assemblies or T&C connections employing a coupling or sieeve.

[0004] Such integral assemblies are generally made on tubes whose diameter at the end
corresponding to the female threading is expanded and whose diameter at the end
corresponding to the male threading is reduced. This may be done in order to have sufficient
material in the thickness of the tubes to ensure the geometric and mechanical strength of the

assembly that joins the tubes.

SUMMARY OF THE INVENTION

[0005] 1n one aspect, a threaded tubular connection comprises a first tubular component and a
second tubular component. The first tubular component includes a female portion defined on
an interior surface of the first tubular component. The female portion includes an inner
threaded portion and an outer threaded portion which are offset radially with respect to a
longitudinal axis of the first tubular component by a first shoulder. The female outer threaded
portion is closer from a female axial free end than the female inner threaded portion. The second
tubular component includes a male portion defined on an exterior surface of the second tubular
component. The male portion is to be inserted into the female portion. The male portion
includes an inner threaded portion and an outer threaded portion which are offset radially with
respect to a longitudinal axis of the second tubular component by a second shoulder. The
second shoulder is to abut the first shoulder once the male portion is connected to the female
portion. The female portion comprises an inner end portion. The female inner end portion
comprises a conical section. The male portion comprises an outer end portion extending
between the male inner threaded portion and a male free end. The male outer end portion
comprises a domed section. The domed portion and the conical section contact to form an

internal fluid tight seal once the male portion is connected to the female portion. Such internal



10

15

20

25

20618

fluid tight seal is set up by defining a seal interference, determined radially, prior make up,
between respectively the domed portion outer diameter and the conical section inner diameter.
[0006] The domed section comprises axial extremities such that a farthest axial extremity of
that domed section from the free end is at an axial length of that male free end less than 10 mm.
Such restricted axial length allows to use less width of the pipe wall to provide that seal, and
allows to provide both male and female inner and outer threaded portions radially closer from
the inner diameter of respective first and second tubulars.

[0007] The inner end portion of the female portion includes a terminal shoulder to
accommodate the male outer end portion, such that the male free end and the terminal shoulder
are spaced apart downstream of the fluid tight seal, such that an axial gap between 0,3 to 3 mm
is observed between the male free end and the terminal shoulder. The terminal shoulder of the
female inner threaded portion and a surface of the male free end are perpendicular to the axis
of the connection. This design helps manufacturing process, and is easier to control after
machining.

[0008] The female inner end portion extends from that terminal shoulder to the female inner
threaded portion such that an axial length of the female inner end portion be more than 10 mm.
But an axial length of the conical section of the female inner end portion is preferably less than
10 mm. the domed section and the conical section contact to form a fluid tight seal, such that
an axial length of that fluid tight seal once the male portion is connected to the female portion
is less than 8 mm. The seal is obtained by radial interference with a maximum radial
interference of 1 mm, or with a maximum diametrical interference of 2 mm.

[0009] The reduced taper angle of the internal fluid tight seal allows for more material to be
available to machine the other parts, and especially inner and outer threaded portion and
shoulder of the joint. With the internal fluid tight seal of the invention there is no more need

for a thicker pipe than those acceptable according to API standard. The internal fluid tight seal
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being closer from the inner diameter of respective first and second tubulars, pipe width at the
critical cross section is then higher, or at least equivalent to that of a pipe in the highest level
of tolerances for pipe width. Same properties are reached with all pipes within API tolerances.
Pipe remaining width at the critical cross-section reduces the overall plastic deformation of the
critical cross section and increases the demonstrated service load envelope.

[0010] For example, a taper of the conical section of the female inner end portion may be
comprised between 15% and 25%. Preferably, the domed section may be defined by a single
radius of curvature between 10 and 100 mm, more preferably between 10 and 40 mm, even
more preferably between 20 and 30 mm, and for example equal to 25 mm. The larger radius
ensures that the radius on the pin will maintain contact with the conical part surface of the pin
even when the pin is deflected during usage. In particular, an extremity of the domed section,
closest to the free end, tangentially connects a male conical surface (51), such that a taper of
that male conical surface is higher than the taper of the conical section of the female inner end
portion. Now thanks to the seal design of the present invention, with the relative large radius,
even though the pin is deflected the contact is maintained due to it being a radius, and Ievel of
performances under internal or external pressure, and tension and compression cycles are
maintained. Radius is selected not to be too high in order to allow for a more concentrate
pressure contact zone. A radial gap is defined between the male conical surface and the conical
section of the female inner end portion in order to prevent any contact at make up and also
under compression or tension, at a location that is not with the domed section.

[0011] The female inner end portion may comprise a groove between the female inner
threaded portion and the conical section of the female inner end portion, such that at least part
of the inner threaded portion of the male portion is located in the groove once the male portion
is connected to the female portion. Critical cross section may be define at the groove location.

The groove comprises a cylindrical portion connected by a steeper tapered portion to the
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conical section of the female inner end portion, such steeper tapered portion forming an angle
between 5° and 45°, preferably between 20° and 30°, for example between 24° and 26°, with a
target value equal to 25° with an axis of the threaded connection (X).

[0012] The female portion may comprise a female outer tapered portion between the female
outer threaded portion and a female free end, and correspondingly the male portion may
comprise a male outer tapered portion defined between the male outer threaded portion and a
pipe body of the second tubular, such that the outer tapered portions of the male and female
portions contact to form a second fluid tight seal once the male portion is connected to the
female portion, outer tapered portions of the male and female portions having a steeper taper
than the conical section of the female inner end portion of the female portion.

[0013] The inner threaded portion and the outer threaded portion of the female portion and the
inner threaded portion and the outer threaded portion of the male portion are tapered at a value
ranging from 5.26% to 6.25%, preferably at 6% or less, more preferably between 5.5 % and
5.6 %.. The inner threaded portion and the outer threaded portion of the female portion and
the inner threaded portion and the outer threaded portion of the male portion include teeth with
a crest surface and a root surface, preferably the thread being trapezoidal teeth. The crest
surface and the root surface are flat and parallel to the longitudinal axis of the respective tubular
component. The inner threaded portion and the outer threaded portion of the female portion
and the inner threaded portion and the outer threaded portion of the male portion include teeth,
such that a plurality of those teeth being shorter teeth at each longitudinal end.

[0014] When the second shoulder abuts the first shoulder, a mated shoulder contact area is
defined, the mated shoulder contact area being identical in the first shoulder and the second
shoulder. A ratio of the mated shoulder contact area to an area of a nominal cross-section of

the first tubular component is more than 15% and less than 25%, and a ratio of the mated
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shoulder contact area to an area of a nominal cross-section of the second tubular component is

more than 15% and less than 25%.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] A more complete appreciation of the invention and many of the attendant advantages
thereof will be readily obtained as the same becomes better understood by reference to the
following detailed description when considered in connection with the accompanying
drawings, wherein:

[0016] FIG. 1 is a partial cross-sectional view of an example embodiment of one half a first
end of a first tubular component and an example embodiment of one half of a second end of a
second tubular component in a disconnected state;

[0017] FIG. 2is a partial cross-sectional view of the one half of the first end of the first tubular
component and the one half of the second end of the second tubular component in a connected
state;

{0018] FIG. 3 is a close-up, partial cross-sectional view of a first shoulder portion of the first
tubular component and a second shoulder portion of the second tubular component in the
connected state;

[0019] FIG. 4 is a close-up, partial cross-sectional view of an example embodiment of a set of
teeth of a threaded portion of the first tubular component and a set of teeth of a threaded portion
of the second tubular component in the disconnected state;

[0020] FIG. 5 is a schematic view of the example embodiment of longitudinal end regions and
an intermediate region within a given threaded portion;,

{0021] FIG. 6 is a close-up, partial cross-sectional view of an example embodiment of a free

end of the male portion and a terminal shoulder of the female portion in the connected state;
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[0022] FIG. 7is a side view of an example embodiment of a tubular component including the
first end and the second end; and

[0023] FIG. 8 is a side, cross-sectional view of the tubular component in FIG. 8 cut along a
longitudinal axis of the tubular component.

{0024] Figs. 9a and 9b are close up, partial cross sectional view of equivalent plastic strains

according to FEA, when the first end 1s made up with the second end.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0025] Referring now to the drawings, wherein like reference numerals designate identical or
corresponding parts throughout the several views.

[0026] Threaded connections disclosed herein relate to tubular components that are connected
to form a tubular structure capable of reaching great length. The tubular structure assembled
using the tubular components disclosed herein form an internal channel that allows fluid such
as otl, gas, water or the like to move there through.

[0027] Referring to FIG. 1, an example embodiment of a threaded tubular connection 10
between a first tubular component 12 and a second tubular component 14 is illustrated in a
disconnected state. The first tubular component 12 and the second tubular component 14 may
be identically shaped such that each of the first tubular component 12 and the second tubular
component 14 may include the female portion 16 at the first end 102 and the male portion 18
at the second end 10b. Specifically, FIG. 1 shows a cross-sectional view across an upper half
portion of the first end 10a of the first tubular component 12 and a cross-sectional view across
an upper half portion of the second end 10b of the second tubular component 14. The entirety
of the cross-section of the first end 10a of the first tubular component 12 and the second end

10b of the second tubular component 14 is not shown for clarify of illustration.
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[0028] FIG. 7 shows an example embodiment of a tubular component in its entirety. The
tubular component of FIG. 7 may be either the first tubular component 12 or the second tubular
component 14. The first end 10a and the second end 10b may also be referred to as the
upstream end and the downstream end in view of the orientations that the tubular components
12, 14 will assume after assembly. The first tubular component 12 may be defined by a first
wall 22 while the second tubular compoenent 14 may be defined by a second wall 24. The first
wall 22 and the second wall 24 have the same nominal wall thickness, and the same outer
diameter, at a location away from their respective male and female portions.

{0029] FIG. 8 shows a cross-sectional view of the tubular component in which the tubular
component is cut along a longitudinal axis of the tubular component. The first end 10a of the
first tubular component 12 is configured with a female portion 16 of the threaded tubular
connection 10 which is also referred to as a box. The female portion 16 is formed on an intefior
or interior surface of the first wall 22, such that a thickness of the first wall 22 gradually
decreases to from a nominal wall thickness along the female portion 16 in a leftward direction
in FIG. 1. The outer diameter of the first end 10a of the first tubular component 12 may be
enlarged along the female portion 16 relative to other longitudinally located portions of the first
tubular component 12.

[0030] The second end 10b of the first tubular component 12 is configured with the male
portion 18 of the threaded tubular connection 10 which is also referred to as a pin. The male
portion 18 is formed on an exterior or exterior surface of the second wall 24, such that a
thickness of the second wall 24 may gradually decrease from a nominal wall thickness along
the male portion 18 in a rightward direction in FIG. 1. The inner diameter along the male
portion 18 may be the same as other longitudinally located portions of the second tubular
component 14. The inner diameter along the male portion 18b may be decreased due to an end

sizing process as shown in FIGS. 1 and 2. The male portion 18 of the first tubular component
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12 is configured to be inserted into and interlock with the female portion 16 of the second
tubular component 14 as shown in FIG. 2. As such, the length of the male portion 18 and the
length of the female portion 16 may be substantially similar.

[0031] The female portion 16 may include an outer end portion 16a, an outer threaded portion
16b, a first shoulder portion 16c, an inner threaded portion 16d and an inner end portion 16e.
The outer end portion 16a may include a substantially frustoconical opening for entry by the
male portion 18. The outer threaded portion 16b and the inner threaded portion 16d in the
female portion 16 are configured to interlock by thread engagement with corresponding
features in the male portion 18. The outer threaded portion 16b and the inner threaded portion
16d are tapered such that the first wall 22 gradually thickens along the female portion 16 in the
rightward direction in FIG. 1. The teeth of the threaded portions will be described later in more
detail. The outer threaded portion 16b and the inner threaded portion 16d of the female portion
16 may be offset radially with respect to the longitudinal axis X of the tubular component 12
and transversely with respect to the first wall 22 by the first shoulder portion 16¢ that may
include a first transverse surface 26. While the first transverse surface 26 in FIGS. 1-2 are
shown to be radially oriented about the longitudinal axis X of the tubular component 12, the
first transverse surface 26 may be embodied in a different orientation.

[0032] The male portion 18 may include an outer end portion 18a, an outer threaded portion
18b, a second shoulder portion 18c, an inner threaded portion 18d, and an inner end portion
18e. The outer end portion 182 may be frustoconically shaped to substantially fit within the
frustoconical opening of the outer end portion 16a of the female portion 16. The outer threaded
portion 18b and the inner threaded portion 18d in the male portion 18 are configured to be
accommodated by thread engagement and interlock with respectively the outer threaded
portion 16b and the inner threaded portion 16d of the female portion 16. The outer threaded

portion 18b and the inner threaded portion 18d in the male portion 18 may be tapered such that
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the second wall 24 gradually thins along the male portion 18 in the rightward direction in FIG.
1 and as described in more detail with regard to FIG. 4. The inner threaded portion 18d and
the outer threaded portion 18b of the male portion 18 may be offset radially with respect to the
longttudinal axis of the tubular component 14 and transversely with respect to the second wall
24 by the second shoulder portion 18c.

[0033] The second shoulder portion 18¢ may include a second transverse surface 28 that
contacts the first transverse surface 26 once the male portion 18 is threadably connected, or
mated, with the female portion 16 as shown in FIG. 2. The second transverse surface 28 need
not be oriented perpendicularly about the longitudinal axis of the tubular component 14 as long
as the second transverse surface 28 is oriented stmilarly to the first transverse surface 26. The
inner end portion 16e of the female portion 16 may be shaped to accommodate the inner end
portion 18e of the male portion 18. Specifically, the inner end portion 16e of the female portion
16 may include a terminal shoulder 30 and the inner end portion 18e of the male portion 18
may include a male axial free end 20 respectively as will be described later in more detail.
Moreover, the outer diameter of each tubular component 12, 14 may be constant except at the
first end 10a and the second end 10b. The outer diameter of each tubular component 12, 14
may be at its largest atong the first end 10a and may be at its smallest along the second end
10b. Furthermore, the inner diameter of each of the tubular component 12, 14 may be constant
except along the first end 10a and the second end 10b as shown in the connected state of FIG.
2. The inner diameter of the tubular components 12, 14 may be at its largest along the first end
10a and may be at its smallest along the second end 10b.

[0034] FIG. 2 illustrates how the female portion 16 of the first end 10a and the mate portion
18 of the second end 10b interlock once the male portion 18 is inserted and threaded into the
female portion 16 to reach a connected state. The first transverse surface 26 of the female

portion 16 and the second transverse surface 28 of the male portion 18 are configured to abut
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one another in the connected state. Thus, the geometry of the first and second transverse
surfaces 26, 28 affects the compressive load capacities of the threaded connection. The
transverse surfaces 26, 28 may be annularly shaped. In one embodiment, a mated shoulder
contact area of the annular first transverse surface 26 of the first shoulder portion 16¢ may be
more than 15 % and less than 25% of an area of a nominal cross-section of the first tubular
component 12 while a mated shoulder contact area of the annular second transverse surface 28
of the second shoulder portion 18¢ may be more than 15% and less than 25% of the area of a
nominal cross-section of the second tubular component 14.

[0035] A nominal cross-section of a tubular component may be defined as a cross-section
across the tubular component at a section other than the first end 10a or the second end 10b
where the tubular component has a nominal outer diameter and a nominal inner diameter. In
another embodiment, the mated shoulder contact area of the annular first transverse surface 26
of the first shoulder portion 16¢c may be more than 17 % and less than 23% of the area of a
nominal cross-section of the first tubular component 12 while the mated shoulder contact area
of the annular second transverse surface 28 of the second shoulder portion 18c may be more
than 17% and less than 23% of the area of a nominal cross-section of the second tubular
component 14. The first shoulder portion 16¢ and the second shoulder portion 18c may help
provide support against compressive loads acting in axial directions of the tubular components
12, 14.

[0036] Moreover, the shapes of the female portion 16 and the male portion 18 are such that
gaps 29, 31 are formed between an inner surface of the female portion 16 and an outer surface
of the male portion 18 at predetermined regions along the longitudinal axes of the tubular
components 12, 14. The gaps may function to facilitate assembly between the female portion

16 and the male portion 18 to ease the make up. For example, as shown in FIG. 3, gaps 29 may
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be provided adjacent to the first and second shoulder portions 16¢, 18c to facilitate assembly
of the tubular components 12, 14.

[0037] A threaded portion, whether it is the inner threaded portion 16d or 18b or the outer
threaded portion 16b or 18d or whether it is part of the male portion 18 or the female portion
16, may include teeth of varying shapes. As shown in FIG. 1, a given threaded portion may be
divided into two longitudinal end regions 36a, 36b and an intermediate region 38 located
between the two longitudinal end regions 36a, 36b. Within a given threaded portion, the teeth
32 may have the same length, wherein stabbing flanks lead and loading flanks lead within 2
threaded portion are equal to each other. Within a given threaded portion, the teeth 32 may vary
in height such that the intermediate region 38 are made up entirely of tall, fully formed teeth
32 while the longitudinal end regions 36a, 36b are made up of shorter teeth 34. The shorter
teeth 34 may have the same length but may also vary in height from one another or vary in
shape. The shorter teeth 34 may also be a trapezoid. Both of the shorter teeth 34 and the fully
formed teeth 32 may be trapezoidal but the shorter teeth 34 may be a differently shaped
trapezoid. Moreover, each of the longitudinal end regions 36a, 36b of the threaded portion
may include a plurality of shorter teeth 34. Furthermore, the shorter teeth 34 may gradually
increase in height as they approach the intermediate region 38 and may gradually decrease in
height as they move away from the intermediate region 38.

{0038] FIG. 4 is a close-up view of teeth 32 which may make up part of the outer threaded
portion 16b and the inner threaded portion 16d of the female portion 16 or the outer threaded
portion 18b and the inner threaded portion 18d of the male portion 18. In FIG. 4, teeth of the
female portion 16 and the male portion 18 are shown in a disconnected state.

[0039] As shown in FIG. 4, a tooth with a trapezoidal configuration may include a stabbing
flank 32a, a loading flank 32b, a crest surface 32c and a root surface 32d. In one embodiment

of the fully formed trapezoidal teeth 32, the crest surface 32¢ and the root surface 32d may be
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cylindrical such that the crest surface 32¢ and the root surface 32d are flat and parallel to one
another along a cross-section in the longitudinal direction as shown in FIG. 4. The crest surface
32c and the root surface 32d are spaced apart from one another to provide a pocket 31 where
grease may stay, such pocket 31 creating a helical path for the grease (FIG. 3). Moreover, the
crest surface 32¢ and the root surface 32d may be parallel to a longitudinal axis X of the tubular
component 12, 14. However, the fully formed teeth 32 in the intermediate region 38 may be
formed to taper along the intermediate region 38 such that tapering axis Y is at an angle with
the longitudinal axis X of the tubular component as shown in FIG. 4.

[0040} In one embodiment of the female portion 16, the tapering axis Y may be such that the
inner diameter of the female portion 16 along the outer threaded portion 16b and the inner
threaded portion 16d decreases approximately by a value ranging from 1 inch for every 16-
inch interval in length to 1 inch for every 19-inch interval in length in the rightward direction
in FIG. 4. Similarly, in one embodiment of the male portion 18, the tapering axis Y may be
such that the outer diameter of the male portion 18 along the outer threaded portion 18b and
the inner threaded portion 18d decreases approximately by a value ranging from 1 inch for
every 16-inch interval tn length to 1 inch for every 19-inch interval in length in the rightward
direction in FIG. 4. FIG. 4 further shows axes Y’ that are parallel to the tapering axis Y and
that are tangential to the crest surfaces 32¢ and the root surfaces 32d.

[0041] In the embodiment of a threaded portion shown schematically in FIG. 5, the fully
formed teeth 32 in the intermediate region 38, as well as shorter height teeth 34 of both
longitudinal end regions 36a and 36b, may include a crest surface 32¢ and a root surface 32d
that parallel with the longitudinal axis X. As shown in FIG. 5, the longitudinal end regions
36a, 36b may occupy portions of a threaded portion that are different in length such that one

longitudinal end region includes a larger number of shorter teeth than the other longitudinal
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end region. In the connected state, the crest surfaces 32¢ are spaced apart from the root surfaces
32d in order to allow a pocket 31 shaped as a helical path for the lubricant (FIG. 3).

[0042] Furthermore, while the teeth 32 of the male portion 18 and the teeth 32 of the female
portion 16 may be correspondingly shaped so as to fit closely with one another, the teeth shape
of the male portion 18 and the teeth shape of the female portion 16 may form one or more
pockets. For example, in the embodiment of FIG. 4, the corner between the loading flank 32b
and the crest surface 32¢ of the male portion 18 may include a beveled area 42 that provides
some space between the tooth 32 of the male portion 18 and the tooth 32 of the female portion
16 in this first region. Also, the corner between the stabbing flank 32a and the crest surface
32c¢ may include a beveled area 44 that creates a pocket between the tooth 32 of the male portion
18 and the tooth 32 of the female portion 16 in this second region as shown in FIG. 4. Such a
pocket may aliow [ubricant applied to the female portion 16 and the male portion 18 to be
collected therein or may be provided to facilitate the threaded connection between the tubular
components 12, 14. Such a pocket also improves both sliding and making up performances of
the male portion 18 into the female portion 16.

[0043] Further, as discussed above, the male portion 18 may mclude the free end 20 at its inner
end portion 18e and the inner end portion 16e of the female portion 16 may include the terminal
shoulder 30 that is shaped to accommodate the free end 20 of the male portion 18 as shown in
FIG. 6. The inner end portion 16e is defined between a terminal shoulder 30 and the inner
threaded portion 16d. The inner end portion 18e is defined between the inner threaded portion
18d and the male axial free end 20. An axial length, along X axis, of the inner end portion 18e
may be less than 10 mm. An axial length, along X axis, of the inner end portion 18e¢ is less than
10%, and even preferably below 8%, of the axial iength defined between an external extremity
18b1 of the outer threaded portion 18b and the free end 20, the external extremity 18b1 being

the closest point of that outer threaded portion 18b from a part of the tubular component 14



10

15

20

25

20618

15

where thickness of the wall 24 is at its maximum width, that maximum width of the wall 24
being a nominal width of that tubular component 14.

[6044] While the inner end portion 16¢ is configured to accommodate the inner end portion
18e, the inner end portion 16e and the inner end portion 18e may contact each other only in a
limited area to form a fluid tight seal. A box surface 52 of the inner end portion 16e may be
adapted to contact a pin surface 50 of the inner end portion 18e.

{0045] The pin surface 50 is formed in a domed configuration, having a relatively large radius
of curvature, while the box surface 52 being formed in a conical configuration such that a fluid
tight seal may be formed along these surfaces 50, 52. The seal provided there is of the metal-
to-metal seal type. An interference fit is determined when the connection is designed such that
a given difference of diameter is determined at a specific location such that in a connected state,
pin surface 50 is radially force fitted against box surface 52 having locally a smaller diameter
than the one provided for the domed surface 50. For example a maximum seal interference is
determined between 0.1 and 1 mm in the radial dimension, so equivalentto 0.2 and 2 mm in a
diametrical dimension.

[0046] A maximum seal interference point may be determined where the surfaces 50 and 52
contact each other. Seal provided in the invention is a seal for gas and/ or liquid.

[0047] For example that maximum seal interference point may be located at an axial distance
SP, along the X axis, from the male free end 20. Maximum seal interference point may be
located away from extremities 50a and 50b of the domed portion 50. Extremities, also called
extreme points, 50a and 50b of the domed section 50 are respectively at a non-zero distance
from thee free end 20. For example, extremity 50b is closest to free end 20, whereas extremity
50a is the farthest from the free end 20. Closest extremity SOb from the free end is at an axial
distance below 2mm, preferably below 1.8 mm from an axial most point of that free end 20.

Extremity 50a farthest to the free end 20 is at an axial distance below 10 mm from that free end
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20. Distance between extremities 50a and 50b along X axis is preferably below 8 mm, and even
more preferably below 5 mm. If technical drawings representing the pin end and the box end
would be superimposed, then in a made up position, overlap between domed section 50 and
box conical surface 52 would be less than 8 mm, and preferably less than Smm. In a real made
up position of respective female portion 16 with the male portion 18, then an axial length of
the fluid tight seal would be less than 3, even better less than 2 mm, due to defection of the
male inner end 18e.

[0048] The domed surface 50 may preferably formed of a single radius of curvature, for
example the radius of curvature is chosen between 10 and 40 mm, preferably between 20 and
30 mm, for example equal to 25 mm. The domed surface 50 connects at extremity 50b
tangentially to a conical surface 51. Conical surface 51 connects through a radiused portion 53
to a surface 54 of the free end 20. Surface 54 is preferably perpendicular to the X axis.
Optionally surface 54 may be an inverted tronconical surface defining an angle between -10°
and 0°compared to a perpendicular to the X axis. The conical surface 51 may be tapered with
an angle between 20 % and 50% compared to the axis X. Taper of the conical surface 51 may
be for example be of 35%. Radiused portion 53 1s preferably defined with a radius below 3
mm, preferably below 2 mm. The domed surface 50 connects at extremity 502 tangentially to
a cylindrical surface S5. Cylindrical surface 35 is adjacent to the inner threaded portion 18d.
[0049] The domed surface 50 with a domed configuration may alternatively have more than
one radii of curvature. Box surface 52 being formed in a conical configuration, it may be
defined by a taper between 15 and 25 %, for example between 19,8 % and 20,2 % with a target
value of 20 %.

[0050] . Preferably taper of box conical surface 52 in the box is lower than taper of conical
surface 51 of the pin. For example, a difference between angle of respective box conical surface

52 and male conical surface 51 is about 5°.



10

15

20

25

20618

17

[0051] Tapered surface 52 connects at an extremity 52b with a concave radiused portion 56 to
a terminal shoulder surface 48 of the terminal shoulder 30. Concave radiused portion 56 is
preferably defined with a radius below 3 mm, preferably below 2 mm. Radiused portion 53 and
concave radiused portion 56 may have the same radius of curvature. Preferably concave
radiused portion 56 is having a greater radius of curvature than radiused portion 53 of the pin.
[0052] Figure 6, terminal shoulder surface 48 is oriented in a radial plan to the X axis. In
addition, the male free end 20 and the terminal shoulder 30 of the box may be configured to be
in a spaced apart relationship such that surface 54 of the male free end 20 and shoulder surface
48 remain parallel. At make-up a remaining distance is observed between surface 54 of the
male free end 20 and shoulder surface 48. For example, that remaining distance may be an axial
gap of 0,3 to 3 mm.

[0053] Alternatively, terminal shoulder surface 48 may not be perpendicular to X axis while
remaining spaced away from surface 54 of the male free end 20. In order to facilitate assembly,
and preserve seal, a radial space 46 is defined between radiused portions 53 and 56, such that
radial space 46 is also defined between the male conical portion 51 and the female conical
surface 52.

[0054] Opposite to the concave radiused portion 56, tapered surface 52 comprises a second
extremity 52a. Tapered surface 52 connects at extremity 52a to a steeper tapered portion 57,
such steeper tapered portion 57 presenting a taper between 5° and 45 © compared to the X axis,
preferably between 20° and 30°, for example of 25°. Taper of the steeper tapered portion 57 is
greater than that of the tapered surface 52. Steeper tapered portion 57 connects a cylindrical
portion 58 adjacent to the female inner threaded portion 16d in order to provide a groove on
the inner surface of inner end portion 16e.

[0055] The groove provided below cylindrical portion 58 helps machining process and provide

room for a thread cutting tool to be removed from the female inner threaded portion 16d at the
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end of machining. According to the thread profile selected in the present invention, steeper
tapered portion 57 needs to be not too small in order to avoid a lengthy unsupported length of
the female element not engaged into contact with a thread or a sealing surface. On the other
hand, steeper tapered portion 57 needs to be not too high in order to avoid creating a hoop stress
at the junction between that steeper tapered portion 57 and the cylindrical portion 58.

[0056] At least one turn of the male inner threaded portion 18d is located below and away
from the cylindrical portion 58 when the connection is made up, such that that turn of the male
inner threaded portion, for example made of imperfect threads, is not engaged in any
corresponding thread turn of the female inner threaded portion 16d. Space 59 in between the
cylindrical surface 58 and imperfect thread of the male inner threaded portion 18d defines a
pocket, or groove volume, that help to release dope pressure during make up, when the inner
tight seal starts being activated, and make-up is not totally completed.

[0057] An axial length along X axis, of the female inner end portion 16e is above 10 mm. An
axial length, along X axis, of the female inner end portion 16e is between 7 and 10 %, preferably
between 8 and 9 % of an axial length defined between a female axial free end 70 and the
terminal shoulder 30. Axial free end 70 of the box may also be called face of the box. Distance
between extremities 52a and 52b of the tapered surface 52 along X axis is preferably below 10
mm, and even more preferably below 8 mm. In a made up state of the connection tapered
surface 52 extends on both side of the domed surface 50. Tapered surface 52 presents a wider
axial length than the domed surface 50.

[0058] An imaginary line defined between extremities 50a and 50b of the domed surface 50
is defining an inclination angle compared to the axis X. That inclination angle is smaller than
that of the tapered surface 52 with the same axis X.

[0059] As represented in close up views of Figs. 9A and 9b, FEA analysis of the strains in the

connection at the end of make up, less plastic strains are observed at the outer periphery of the
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first tubular component 12, above the terminal shoulder 30. I9n addition, as represented Fig 9a,
no plastification is observed in the terminal shoulder 30, nor the concave radiused portion 56,
or the box tapered surface 52.

Further, the outer end portion 16a of the female portion 16 and the outer end portion
18a of the male portion 18 may include a surface 66 and a surface 64 respectively that contact
to form a second outer fluid tight seal as shown in FIGS. 1 and 2. Both surfaces 66, 64 may be
formed in a conical configuration to accomplish a sealing effect. Surfaces 64 and 66 may be
provided with a same taper angle steeper than the one of conical surface 52 needed to perform
an inner fluid-tight seal. For example taper of the second outer fluid tight seal is between 25
and 55%, for example around 50%, preferably between 49,8% and 50,2%.

[0060} In addition, the surface of the female portion 16 and the surface of the male portion 18
may be treated to provide improved sealing between the tubular components 12, 14. For
example, metallic coating may be applied to the inner end portion 18e of the male portion 18
and the inner end portion 16e of the female portion that are configured to contact one another.
The coating regions of the outer end portion 18e of the male portion 18 and the inner end
portion 16e of the female portion may contact one another once the male portion 18 is inserted
into the female portion 16 so as to form a seal and such that fluid moving through the inner
channel of the tubular components 12, 14 is prevented from leaking through the junction
between the female portion 16 and the male portion 18. The same coating may be applied to
the entire connection.

[0061] The tubular connection discussed herein is configured with dimensions that result in
improved performance in terms of axial load resistance. Specifically, the tapering of the
threaded portions atlows the shoulder portions 16c and 18c to occupy a larger portion of the
thickness of the walls 22, 24 of the tubular components 12, 14. If the inner diameters of the

tubular components 12, 14 are diminished, the drift diameter defined for all drilling, or other



10

15

20

20618

20

casing, or tubing or tooling accessories would be deteriorated. Also, if the outer diameters of
the tubular components 12, 14 are increased, the tubular structure may no longer be suitable
for a borehole drilled for the purpose of accommodating the previously used tubular structure
or the tubular structure may interfere with other applications in the borehole. However, because
the thicknesses of the walls 22, 24 are not increased and the inner and outer diameters of the
tubular components 12, 14 are not significantly affected, the improved resistance to axial
compressive loads is made possible without diminishing the fluid carrying capacity of the
tubular structure and while maintaining compatibility with the borehole as well as other
applications used therein.

[0062] The present disclosure applies to several sizes of outer diameters ranging from 77
(177.8 mm) to 16” (406.4 mm), even up to 20” (508 mm), and, in other examples, to sizes
ranging from 9 7/8” (250.8 mm) to 14” (355.6 mm). The pipe may be made out of steel, and,
in one example, carbon martensitic stainless steel, with yield strengths ranging from 80 ksi to
140 ksi. The nominal wall thickness of the walls 22, 24 may range between 0.453 inch (11.5
mm) and 0.820 (20.82 mm). The drift diameter may be between 6 inches (152.4 mm) and
14,750 inches (374.65 mm), and in other examples, between 8.5 inches (215.9 mm) and 12.250
inches (311.15 mm).

[0063] Obviously, numerous modifications and variations of the present invention are possible
in light of the above teachings. It is therefore to be understood that within the scope of the
appended claims, the invention may be practiced otherwise than as specifically described

herein.
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CLAIMS:
What is claimed is:
1. A threaded tubular connection comprising;

a first tubular component (12) including a female portion (10) defined on an interior
surface of the first tubular component, the female portion including an inner threaded portion
(16d) and an outer threaded portion (16b) which are offset radially with respect to a longitudinal
axis (X) of the first tubular component by a first shoulder (26); the female outer threaded
portion being closer from a female free end (70) than the female inner threaded portion and

a second tubular component (14) including a male portion (18) defined on an extenor
surface of the second tubular component,

the male portion to be inserted into the female portion, the male portion including an
inner threaded portion and an outer threaded portion which are offset radially with respect to a
longitudinal axis (X) of the second tubular component by a second shoulder (28), the second
shoulder to abut the first shoulder once the male portion is connected to the female portion,

wherein an inner end portion of the female portion (16e) comprises a conical section
(52) and wherein an inner end portion of the male portion (18e) extending between the male
inner threaded portion (18d) and a male free end (20) comprises a domed section (50), such
that the domed section and the conical section contact to form a fluid tight seal once the male
portion is connected to the female portion, the male domed section comprises extremities (50a,
50b) such that a farthest extremity (50a) of that domed section from the free end is at an axial
length of that male free end (20) less than 10 mm.

2. The threaded tubular connection according to claim 1, wherein the inner end portion
of the female portion includes a terminal shoulder (30) to accommodate the male outer end
portion, such that the male free end and the terminal shoulder are axially spaced apart

downstream of the fluid tight seal.
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3. The threaded tubular connection according to claim 2, wherein the terminal shoulder
of the female inner end portion and a surface (54) of the male free end are perpendicular to the
longitudinal axis (X) of the first and second tubular components.

4. The threaded tubular connection according to claim I, wherein an axial length of the
conical section (52) of the female inner end portion is less than 10 mm.

5. The threaded tubular connection according to claim 1, wherein the domed section
and the conical section contact to form a fluid tight seal, such that an axial length of that fluid
tight seal once the male portion is connected to the female portion is less than 8 mm, even less
than 3 mm.

6. The threaded tubular connection according to claim 1, wherein the fluid tight seal 1s
obtained by radial interference with a maximum radial interference of 1 mm.

7. The threaded tubular connection according to claim 1, wherein the domed section is
a radiused portion with one or more radii of curvature between 10 and 40 mm, preferably 20
to 30 mm, for example of 25 mm.

8. The threaded tubular connection according to claim 7, wherein the domed section is
a radiused portion with a single radius of curvature between 10 and 40 mm, preferably 20 to
30 mm, for example of 25 mm.

9. The threaded tubular connection according to claim 1, wherein a taper of the conical
section (52) of the female inner end portion is comprised between 15% and 25%, for example
equal between 19,8 % and 20,2 % with a target value of 20 %.

10. The threaded tubular connection according to claim 9, wherein an extremity (50b)
of the domed section, closest to the free end, tangentially connects a male conical surface (51),
such that a taper of that male conical surface (51) is higher than the taper of the conical section

(52) of the female inner end portion.
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11. The threaded tubular connection according to claim 9 or 10, wherein a radial gap
(46) 1s defined between the male conical surface and the conical section of the female inner
end portion.

12. The threaded tubular connection according to claim 1, wherein the female inner end
portion comprise a groove between the female inner threaded portion and the conical section
of the female inner end portion, such that at least part of the inner threaded portion of the male
portion is located in the groove once the male portion is connected to the female portion.

13. The threaded tubular connection according to claim 12, wherein the groove
comprise a cylindrical portion connected to a steeper tapered portion (57), such steeper tapered
portion being connected to the conical section of the female inner end portion, such steeper
tapered portion forming an angle between 5° and 45°, preferably between 20° and 30°, for
example between 24° and 26°, with a target value equal to 25° with the longitudinal axis (X)
of the first and second tubular components.

14. The threaded tubular connection according to claim 13, wherein the steeper tapered
portion (57) is having a steeper taper than the taper of the conical section of the female inner
end portion.

15. The threaded tubular connection according to claim 1, wherein the inner threaded
portion and the outer threaded portion of the female portion and the inner threaded portion and
the outer threaded portion of the male portion are tapered at a value ranging from 526% to
6.25%, preferably at 6% or less, and even more preferably between 5.5 % and 5.6 %.

16. The threaded tubular connection according to claim 1, wherein the inner threaded
portion and the outer threaded portion of the female portion and the inner threaded portion
and the outer threaded portion of the male portion include trapezoidal teeth, such that a

plurality of those trapezoidal teeth being shorter teeth at each longitudinal end.
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17. The threaded tubular connection according to claim 16, wherein the teeth include
a crest surface and a root surface, both of the crest surface and the root surface being parallel
to the longitudinal axis of the tubular component.

18. The threaded tubular connection according to claim 1, wherein the female portion
comprise a female outer tapered portion (66) between the female outer threaded portion (16b)
and the female free end (70), the male portion comprise a male outer tapered portion (64)
defined between the male outer threaded portion (18b) and a pipe body of the second tubular,
such that the outer tapered portions (64, 66) of the male and female portions contact to form a
second fluid tight seal once the male portion is connected to the female portion, outer tapered
portions of the male and female portions having a steeper taper than the conical section of the
female inner end portion of the female portion, for example with a taper of those outer tapered

portions being comprised between 25% and 55%, preference between 49,8% and 50,2%.
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ABSTRACT

A threaded tubular connection comprises a first tubular (12)
component and a second tubular component (14). The first tubular
component (12) includes a female portion (10) defined on an interior
surface of the first tubular component. The female portion includes an inner
threaded portion (16d) and an outer threaded portion (16b) which are offset
radially with respect to a longitudinal axis of the first tubular component by
a first shoulder (26). The second tubular component (14) includes a male
portion (18) defined on an exterior surface of the second tubular
component. The male portion is to be inserted into the female portion, and
includes an inner threaded portion (18d) and an outer threaded portion (18b)
which are offset radially with respect to a longitudinal axis of the second
tubular component by a second shoulder (28). The second shoulder is to
abut the first shoulder once the male portion is connected to the female
portion. The threaded tubular connection comprises an inner short length

fluid tight seal.
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