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(3, 4) in which the male and female elements (1, 2) are in sealed contact via bearing surfaces respectively constituted by a cambered
surface and by a tapered surface. Such a contact zone ensures a seal against fluids despite positional inaccuracies in the male and
female elements at the end of makeup, due to the geometrical characteristics of the threadings.Application to oil and gas wells.
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THREADED TUBULAR CONNECTION WITH PROGRESSIVE AXIAL THREAD
INTERFERENCE

The invention relates to a threaded tubular connection
comprising a male tubular element comprising a male thread-
ing and a female tubular element comprising a female thread-
ing which cooperates by makeup with said male threading, the
axial width of the threads of said threadings and/or the
intervals between said threads varying progressively along
the axis of the connection over at least a portion of the
axial length of the threadings, such that the threads of
each threading are housed with an axial clearance in the
intervals of the other threading at the start of makeup,
said clearance progressively decreasing until it becomes.:
zero during makeup.

The term “sealed contacf” as used here means contact
between two surfaces pressed hard against each other to
produce a metal-to-metal seal, in particular a gas-tight
seal.

Threaded connections of this type are well known, in
particular for use in oil and gas wells. They generally have
threads with a dovetail profile as described, for example,
in US Re 30 647 and US Re 34 467. They suffer from a number
of drawbacks. Firstly, the geometrical characteristics of
progressive interfering threads cannot ensure a gas-tight
seal. Such a seal is difficult to obtain with abutment
surfaces separate from the threadings; sealing surfaces
demand very accurate relative positioning of the two ele-
ments at the end of makeup. However, the final relative
position of the elements is in this case strongly influenced
by the machining tolerances for the threads. The use of
tapered sealing surfaces with a small taper and thus a small
vertex angle, which are more tolerant as regards axial
position, does not constitute a satisfactory solution as
such bearing surfaces are extremely sensitive to the phe-
nomenon of galling, which result in spoiling after only a
few makeup-breakout operations.

A further disadvantage of said known threaded connec-
tions is that the geometric characteristics of the thread-

ings do not encourage evacuation of the lubrication grease
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used for makeup. This grease can accumulate locally, for
example between the thread crests and roots, giving rise to
very high pressures which in their turn perturb proper
positioning of the elements and contact of the sealing
surfaces.

The invention aims to eliminate all of the drawbacks
mentioned above and to maximize the axial effective contact
length under load (internal or external pressure, axial
tension or compression) of the sealing surfaces.

The invention also aims to provide a threaded connec-
tion that resists cyclic mechanical loads (fatigue).

To this end, the invention provides a threaded connec-
tion of the type defined in the introduction, comprising at
least one contact zone axially separated from said thread-
ings, in which the male and female elements are in sealed
contact by means of bearing surfaces respectively consti-
tuted by a cambered surface and by a tapered surface.

It has been shown that such a contact zone, which is
known per se, allows a substantial variation in the axial
position of the contact zone and thus in the relative posi-
tion of the elements without losing the gas-tight seal, the
effective length of the contact zone or the integral of the
contact pressure along the contact zone being high (contact
stability) .

Optional characteristics of the invention, which may be
complementary or substitutional, are defined below:

e The cambered surface has a generatrix with a ra-
dius of curvature in the range 30 to 80 mm.

e The tangent to the vertex half angle of the ta-
pered surface is in the range 0.025 to 0.075, cor-
responding to a taper in the range 5% to 15%.

e The contact zone is axially located between the
threadings and the free end of the male element.

e The contact zone is axially located between the
threadings and the free end of the female element.

e The contact zone is axially spaced from said free

end by at least 3 mm.
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The cambered surface and the tapered surface are
provided on the element having said free end and
on the other element respectively.
The cambered surface extends in the direction of
said free end with a second tapered surface which
is tangential to the cambered surface.
The contact =zone is axially located between two
portions of each of said threadings.
The cambered surface and the tapered surface are
formed on the male and female elements respec-
tively.
The male and female elements are free of axial
abutment surfaces.
The axial width of the threads of said threadings
and/or the intervals between said threads varies
progressively over the whole of the axial length
of said threadings.
The axial width of the threads of said threadings
and/or the intervals between said threads varies
progressively over the whole of the axial length
of each of said threading portions.
Said threadings are tapered.
The tapered surfaces having lines joining homolo-
gous points on the different turns as generatrices
for the two portions of the same threading respec-
tively are substantially coincident.
The tapered surfaces having lines joining homolo-
gous points of the different turns as generatrices
respectively for the two portions of the same
threading are distinct.
Said tapered surfaces are radially distant by at
least one thread depth.
Said threads have a dovetail profile.
The crests and roots of said threads are parallel
to the axis of the threaded connection.
The male element is on a great length pipe and its
minimum radial thickness e between the portion of
its threading that is furthest from its free end
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and said contact zone is at least 60% of the ra-
dial thickness E within the length of the pipe.
The connection comprises two contact =zones situ-
ated respectively in two of the axial positions as
described above.
A groove formed at the crest of the male or the
female threads extends along the helical path
thereof to allow evacuation of a lubricant and
terminates in an annular discharge space present
between the male and female elements at the end of
the threading or the threading portion concerned,
to release the grease pressure.
Said groove has a width of about 0.4 mm.
Said groove has a depth of about 0.4 mm.
For the male threading and/or the female thread-~
ing, the loading flank joins the crest and/or the
root of the thread via a rounded portion the pro-
file of which is substantially formed by two arcs
of circles tangential to each other, the arc adja-
cent to the loading flank having a smaller radius
of curvature than the other arc.
The radius of the arc adjacent to the loading
flank is in the range 0.1 to 0.2 mm.
The radius of said other arc is in the range 0.8
to 1.2 mm.
The male and female threadings are non interfering
at the thread roots and crests over all or a por-
tion of the threadings.
The male and female threadings are interfering at
the thread roots and crests over all or a portion
of threadings.
The male and female threadings are interfering at
the thread roots of a first threading and at the
thread crests of a second threading over all or a
portion of the threading length whereas there is a
radial clearance between the thread roots of the
second threading and the thread crests of the
first threading.

Said radial clearance is at least 0.05 mm
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The characteristics and advantages of the invention
will now be described in more detail in the description
below, made with reference to the accompanying drawings.

Figures 1 to 3 are half axial cross sectional views of
three threaded tubular connections of the invention intended
for oil or gas wells.

Figure 4 is a partial view on a larger scale of a re-
gion of any one of the connections of Figures 1 to 3 close
to the free end of the male element.

Figures 5 and 6 are partial axial cross sectional
views, on a still larger scale, each showing one thread of a
connection of the invention.

Figure 5A shows detail A of Figure 5 on a larger scale.

Figures 7 and 8 show partial axial sectional views each
showing a few turns of the male and female threadings of a
connection of the invention in the made up position for non
interfering and interfering threadings respectively.

Figure 9 shows a partial sectional view showing a few
turns of the male threading of a connection of the inven-
tion, the axial width of the threads and that of the inter-
vals between the threads increasing and decreasing respec-
tively progressively from the free end of the male element.

Figure 10 shows a variation of figures 7 and 8.

The threaded tubular connection shown in Figure 1 com-
prises a male tubular element 1 and a female tubular element
2 each on a great length pipe, not shown in its entirety,
and provided with respective tapered threadings 3, 4 which
cocperate together for mutual assembly by makeup of the two
elements. The threadings 3, 4 are of a known type with a
progressive variation in the axial thread width and/or the
intervals between threads so that a progressive axial inter-
ference occurs during makeup until a final blocked position.

In accordance with the invention, the fluid seal, both
against the interior of the tubular connection and against
exterior media, is ensured by two contact zones 5, 6 axially
located either side of the threadings 3, 4 respectively
close to the free end 7 of the male element and the free end
8 of the female element.



10

15

20

25

30

35

WO 2004/106797 PCT/EP2004/005139

6

The contact zone 5 is shown on a larger scale in Figure
4. To define said contact zone, male element 1 has a cam-
bered surface 11 turned radially outwardly, the diameter of
which decreases towards the free end 7. The surface 11 has
an arc of a circle as a generatrix, with a radius in the
range 40 to 80 mm. Facing said cambered surface 11, the
female element 2 has a tapered surface 12 turned radially
towards the interior and with a diameter that decreases in
the direction of the free end 7 of the male element, i.e.
opposite the free end 8 of the female element. The tangent
to the vertex half angle of the tapered surface 12 is in the
range 0.025 to 0.075, i.e. a taper that is in the range 5%
to 15%. For illustrative purposes, the surfaces 11 and 12
are shown in Figure 4 in their initial geometric form before
makeup but in a relative position corresponding to the end
of makeup of the threaded connection, so that their gen-
eratrices intersect one another. Clearly, in reality, pro-
gressive deformation of said surfaces occurs during makeup,
leading to a seal by radial interference. The contact zone
proper or effective contact zone between surfaces 11 and 12
has a certain length and terminates at a point P which is
spaced from the free end 7 by a distance d, advantageously
at least 3 mm.

The inventors have discovered that such a contact zone
between a tapered surface and a cambered surface produces a
high effective axial contact width and a substantially
parabolic distribution of contact pressures along the effec-
tive contact =zone, in contrast to contact zones between two
tapered surfaces which have two narrow effective contact
zones at the ends of the contact zone.

A contact zone geometry of the invention preserves a
good effective contact width despite axial positional varia-
tions of the assembled elements due to machining tolerances,
the effective contact =zone pivoting along the cambered
section of the cambered surface 11, retaining a parabolic
profile for the local contact pressure.

In this regard, it is an advantage that the axial
length of the contact surfaces 11, 12 be greater than the

axial positioning variations of the effective contact =zone.
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Preferably the axial length of the contact surfaces 11, 12
is greater or equal to 3.5 mm.

This is also the case under service conditions when the
stresses to which the threaded elements of the connection
are subjected (in particular internal or external pressure)
induce pivoting of the contact surfaces 11, 12.

The contact zone geometry of the invention appeared
particularly advantageous for ensuring the seal when the
connection is subjected to a high internal pressure after
being subjected to a high external pressure.

Too small a taper (< 5%) for the surface 12 induces a
risk of galling on makeup and too high a taper (> 15%)
necessitates machining tolerances that are too narrow.

Too large a radius (> 80 mm) for the cambered surface
11 induces disadvantages that are identical to those with a
taper-to-taper contact.

Too low a radius (< 30 mm) for said cambered surface 11
induces an insufficient contact width.

A distance of at least 3 mm of point P from the free
end 7 increases the radial stiffness of the male lip on
which the cambered surface 11 is formed and can then in-
crease the contact pressures for a given section of material
at point P.

The distance d is preferably in the range 4 to 10 mm
and in particular, varies with the pipe diameter.

In the example illustrated, the cambered surface 11 of
the male element extends beyond point P and connects tangen-
tially with a tapered surface 13 with a vertex half angle of
7° which extends to the free end 7 of said element, which is
a flat surface perpendicular to the axis of the threaded
connection. The tapered surface 12 extends beyond point P
and is followed by a backoff hollow 15 up to a shoulder 14
of the female element facing end 7 and having a flat annular
form perpendicular to the axis of the threaded connection.

The make up of the elements is not limited by any axial
abutment surface. In particular surfaces 7 and 14 do not
come into abutment and do not play any role in the coopera-
tion of elements 1 and 2. The backoff hollow between the
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tapered surface 12 and the shoulder 14 also plays no role in
the cooperation of elements 1 and 2.

In contrast, the tapered surface between the cambered
surface 11 and end 7 can pre-centre the male element as it
engages with the female element prior to makeup without
risking damage to the contact surfaces 11 and 12.

Further, it can keep a sufficient thickness of material
at the end 7 for a given distance between it and the point P
with respect to a male element wherein the cambered surface
11 would extend to the free end.

At the other end of the cambered surface 11 is an annu-
lar groove 17 which allows to start the male threading 3.

Preferably, the thickness of the metal on the male ele-
ment 1 at the bottom of said groove is at least 30% of the
thickness of the pipe, to prevent radial deflection towards
the axis of said zone.

The contact zone 6 is formed by a cambered surface and
a tapered surface with the same geometric characteristics as
the surfaces 11 and 12 of the zone 5, this time provided on
the female element and on the male element respectively. The
effective contact zone is spaced from the free end 8 of the
female element by a distance of at least 3 mm. The inventors
have established that such a distance can substantially
increase the contact pressure in zones 5 and 6. The contact
zone 5 provides the fluid-tight seal against the interior of
the tubular connection and the contact zone 6 provides the
fluid-tight seal against external media.

In contrast to threadings 3 and 4 of Figure 1, which
are continuous, each of the threadings of the tubular con-
nection of Figure 2 is separated into two portions separated
from each other in the axial direction, namely into a male
threading portion 3a cooperating with a portion of the
female threading 4a, and a male threading portion 3b cooper-—
ating with a portion of the female threading 4b, portions 3a
and 4a being closer to the free end 8 of the female element
and portions 3b and 4b being closer to the free end 7 of the
male element 1. The characteristic points of the thread
profile, for example the roots of stabbing flanks of the
threading portions 3a and 3b, are located on substantially
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coincident tapered surfaces and similarly for the threading
portions 4a and 4b. The term “substantially coincident”
means that said tapered surfaces are separated by a radial
distance that does not exceed a few tenths of millimeters.
The progressive variation in the axial width of the threads
and/or the intervals between the threads occurs here for
each of the threading portions, advantageously over the
entire length of each thereof.

The seal of the connection of Figure 2 towards the in-
terior is ensured by a contact zone 5 that is identical to
that of Figure 1. For the seal towards the exterior, the
contact zone 6 of Figure 1 is replaced by an intermediate
contact zone 16 located between the threading portigns 3a
and 4a and the threading portions 3b and 4b. The contact
zone 16 is defined by a cambered surface on the male element
and a tapered surface on the female element with the geomet-
rical characteristics as described above for the contact
zone 5 in Figure 1.

For dovetail threads (see below), the minimum radial
thickness e of the male element 1 between its threading
portion 3a and the contact zone 16 is at least 60% of the
radial thickness E in the length of the great length pipe 10
of which it forms part. The inventors have established that
the geometry of dovetail threads increases the radial stiff-
ness of their connection compared with threads that are
commonly termed “trapezoidal”, in which the axial width
reduces from the thread root to the crest.

The tubular connection of Figure 3 differs from that of
Figure 2 by a radial offset Dbetween the threads of the
threading portions 3a and 4a and those of the threading
portions 3b and 4b; the roots and crests of the loading
flanks and the stabbing flanks of the threading threads 3a
and 4b are located on tapered surfaces with a larger diame-
ter than those of threading portions 3b and 4b. Said radial
offset is greater than the radial depth of the threads. The
fluid-tight seal of said connection is provided by an inte-
rior contact zone 5 similar to the contact zones 5 of Fig-
ures 1 and 2 and by an intermediate contact zone 16 similar
to that of Figure 2.
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Figure 5 is a partial sectional view through an axial
plane of a male element of a threaded connection 1 of the
invention, showing one thread 18 of said element. Thread 18
has, in known manner, a dovetail profile with thread crests
and roots that are parallel to the axis of the threaded
connection and thus straight. Further, the loading flank 19
of the thread 18 joins the thread crest 20 and the adjacent
thread root 21 via respective rounded portions the first of
which is shown on a larger scale in Figure 5A. The profile
of said rounded portion 22 is composed of two arcs of cir-
cles 23 and 24, arc 23 being tangential to the flank 19 and
having a radius Rl in the range 0.1 to 0.2 mm, and arc 24
being tangential to arc 23 and to the thread crest 20 and
having a radius in the range 0.8 to 1.2 mm. Rounded portion
25 connecting the loading flank 19 to the thread root 21 is
similar to rounded portion 22, the circular arc with the
smaller radius also being adjacent to the flank 19. These
rounded portions reduce the load concentration factor at the
base of the loading flanks and thus improve the fatigue
behaviour of said connection.

Figure 6 is a view analogous to Figure 5, showing a
groove 28 provided in the thread crest 20. Said groove
extends over the whole of the helical path of the male
threading to an annular discharge groove 17 (Figures 1, 2
and 4) at the end of the threading or the threading portion
to encourage evacuation of the grease used for lubrication
during makeup and as a result to release the pressure devel-
oped by said grease. Groove 28 also slightly increases the
flexibility of the threads, rendering the relative axial
position of the male and female elements less dependent on
machining tolerances. In the example shown, groove 28 is
connected to the thread crest via rounded portions. These
can be replaced by chamfers.

Rounded portions similar to rounded portions 22 and 25
and/or a groove similar to groove 28 can be provided on the
female element in addition to or to replace those of the
male element. Further, while the rounded portions and the
groove are shown separately in Figures 5 and 6, they can

advantageously be used together, as shown in Figure 9. It is
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also possible to connect the loading flank of the threads of
the male element and/or the female element to only the
thread crest or the root. A further possible wvariation
consists of providing a single contact zone ensuring a seal
to both interior and exterior fluids.

The threadings employed in the embodiments can be of
any non interfering type between thread crests and roots, or
of the interfering type between thread crests and roots.

Figure 7 shows a male threading 3 and a female thread-
ing 4 in the made up position in the case of non interfering
threadings.

The male loading flanks 19 and female loading flanks 30
are in contact, as are the male stabbing flanks 31 and
female stabbing flanks 32.

In contrast, there 1is a clearance between the male
thread crest 20 and the female thread root 33 as well as
between the female thread crest 34 and the male thread root
21.

Said function is obtained by causing the loading flanks
and stabbing flanks to come into contact before any contact
between the thread roots and crests.

It can be seen that by dint of said clearances, a sub-
stantial helical leakage channel 35 exists for fluids, even
in the absence of a groove 28, the seal being formed by
contact surfaces 5, 6, 1l6.

Figure 8 shows a male threading 3 and a female thread-
ing 4 in the made up position in the case of interfering
threadings; the reference numbers used in Figure 7 are used
to designate similar elements.

The threadings are designed so that the female thread
crests come into contact with the male thread roots and/or
the male crests with the female thread roots during makeup
before contact of the loading flanks and the stabbing
flanks.

After said contact between the thread crests and roots,
makeup can be continued until the loading and stabbing
flanks come into contact; the thread crests will interfere

with the corresponding thread roots.
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However, calculations carried out by the inventors show
that a sufficient seal cannot be guaranteed (gas-tight seal)
by threads of that type of threading because of deformations
in the thread faces and the angles between the faces at the
end of makeup.

The presence of a groove will also increase the cross
section of the leakage channels resulting from said deforma-
tions. As was the case with non interfering threadings, the
seal with interfering threadings is made by the contact
surfaces 5, 6, 16.

One advantage of interfering threadings is to use, for
a constant pipe thickness, higher critical cross sections
and as a result, to entrain higher efficiency of the
threaded connection under tension.

Figure 10 is similar to figures 7 and 8 and again bears
the same references in the case of interfering threadings at
the male thread roots 21 and at the female thread crests 34,
a radial clearance existing between the female thread roots
33 and the male thread crests 20. Of course one can provide
for the reverse disposition, i.e. a clearance between the
male thread roots 21 and the female thread crests 34 and an
interference between the female thread roots 33 and the male
thread crests 20.

It is also possible to have 2 or more of the disposi-
tions of figures 7, 8 and 10 and of reversed figure 10 on
the various portions of the threading length for example as
in the embodiments of Figures 2 and 3 where the threadings
are in two portions.

This explains why in Figure 2 the tapered surfaces of
the two threading portions only need to be substantially
coincident, the interference difference between the portions
inducing a slight radial distance between these surfaces.

By way of example, the dispositions of figures 7 and 8
can be produced with male threads and female threads of a
uniform height to 1.16 * 0.025 mm, and the disposition of
figure 10 by increasing the female thread height of 1.285 &
0.025 mm, the male thread height remaining unchanged, which
leads to a radial clearance 2 0.075 mm between male crests

and female roots.
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Figure 9 shows a few turns of the thread 18 of the male
threading of a connection of the invention, separated from
each other by a helical interval 36. It illustrates the
progressive variation, known per se, of the axial width of
the thread 18 and that of the interval 36, respectively
increasing and reducing from the free end of the male ele-
ment, which causes progressive axial interference of the
male and female threads during makeup.

The embodiments of figures 1 to 3 are relative to
threaded assemblies between two great length pipes consti-
tuted by only one threaded connection the male and female
tubular elements of which are located at the end of the
great length pipes.

Such threaded assemblies can be of the "flush" type
(the external diameter of both elements of the threaded
connection is that of the pipe) or of the "semi-~flush" type
also known as "slim-line"” (the external diameter of the
female element is greater by a few percent than the diameter
of the male element).

The invention can also apply to threaded and coupled
assemblies between two great length pipes, those coupled
assemblies being constituted by two tubular threaded connec-—
tions, the female elements being positioned opposite on a
coupling whereas the male elements are produced on great
length pipes.
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CLAIMS

A threaded tubular connection comprising a male tubu-
lar element (1) comprising a male threading (3) and a
female tubular element (2) comprising a female
threading (4) which cooperates by makeup with said
male threading (3), the axial width of the threads of
said threadings and/or the intervals between said
threads varying progressively along the axis of the
connection over at least a portion of the axial
length of the threadings, such that the threads of
each threading are housed with an axial clearance in
the intervals of the other threading at the start of
makeup, said clearance progressively decreasing until
it becomes zero at the end of makeup, characterized
in that it comprises at least one contact zone (5, ©6)
axially separated from said threadings (3, 4) in
which the male and female elements (1, 2) are in
sealed contact by means of bearing surfaces respec-
tively constituted by a cambered surface (11) and by
a tapered surface (12).
A threaded connection according to claim 1, in which
the cambered surface (1l) has a generatrix with a ra-
dius of curvature in the range 30 to 80 mm.
A threaded connection according to one of the preced-
ing claims, in which the tangent to the vertex half
angle of the tapered surface (12) is in the range
0.025 to 0.075.
A threaded connection according to one of the preced-
ing claims, in which the contact zone (5) is axially
located between the threadings (3, 4) and the free
end (7) of the male element (1).
A threaded connection according to one of claims 1 to
3, in which the contact zone (6) 1is axially located
between the threadings (3, 4) and the free end (8) of
the female element (2).
A threaded connection according to claim 4 or claim
5, in which the contact zone (5, 6) is axially spaced
from said free end (7, 8) by at least 3 mm.
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A threaded connection according to one of claims 4 to
6, in which the cambered surface and the tapered sur-
face are provided on the element having said free end
and on the other element respectively.
A threaded connection according to one of claims 4 to
7, in which the cambered surface (11) extends in the
direction of said free (7) end with a second tapered
surface (13) which is tangential to the cambered sur-
face.
A threaded connection according to one of claims 1 to
3, in which the contact zone (16) is axially located
between two portions (3a, 3b, 4a, 4b) of each of said
threadings.
A threaded connection according to claim 9, in which
the cambered surface (11) and the tapered surface
(12) belong to the male and female elements respec—
tively (1, 2)
A threaded connection according to one of the preced-
ing claims, in which the male and female elements are
free of axial abutment surfaces.
A threaded connection according to one of the preced-
ing claims, in which the axial width of the threads
of said threadings and/or the intervals between said
threads varies progressively over the whole of the
axial length of said threadings.
A threaded connection according to claim 9 or claim
10, in which the axial width of the threads of said
threadings and/or the intervals between said threads
varies progressively over the whole of the axial
length of each of said threading portions (3a, 3b,
4a, 4b).
A threaded connection according to any one of the
preceding claims, in which said threadings (3, 4) are
tapered.
A threaded connection according to claim 14 dependent
on claim 9, in which the tapered surfaces having
lines Jjoining homologous points on the different
turns as generatrices for the two portions (3a, 3b,
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4a, 4b) respectively of the same threading are sub-
stantially coincident.
A threaded connection according to claim 14, depend-
ent on claim 9, in which the tapered surfaces having
lines Jjoining homologous points on the different
turns as generatrices for the two portions (3a, 3b,
4a, 4b) of the same threading respectively are dis-
tinct.
A threaded connection according to claim 16, in which
said tapered surfaces are radially distant by at
least one thread depth.
A threaded connection according to one of the preced-
ing claims, in which said threads (18) have a dove-
tail profile.
A threaded connection according to claim 18, in which
the crests (20) and roots (21) of said threads are
parallel to the axis of the threaded connection.
A threaded connection according to claim 18 or claim
19, dependent on one of claims 15 to 17, in which the
male element (1) is on a great length pipe and its
minimum radial thickness e between the portion of its
threading (3a) that is furthest from its free end (7)
and said contact zone (16) is at least 60% of the ra-
dial thickness E within the length of the pipe.
A threaded connection according to one of the preced-
ing c¢laims, in which the connection comprises two
contact zones (5, 6, 16) as defined in two of claims
4, 5 and 9 respectively.
A threaded connection according to one of the preced-
ing claims, in which a groove (28) formed at the
crest of the male threads (18) or the female threads
extends along the helical path thereof to allow
evacuation of a lubricant and terminates in an annu-
lar discharge space present between the male and fe-
male elements at the end of the threading or the
threading portion concerned.
A threaded connection according to claim 22, in which
said groove (28) has a width (1) of about 0.4 mm.
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A threaded connection according to claim 22 or claim
23, in which said groove (28) has a depth (h) of
about 0.4 mm.
A threaded connection according to one of the preced-
ing claims, in which, for the male threading (3)
and/or the female threading (4), the loading flank
(19) joins the crest (20) and/or the root (19) of the
thread via a rounded portion (22) the profile of
which is substantially formed by two arcs of circles
(23, 24) tangential to each other, the arc (23) adja-
cent to the loading flank (19) having a smaller ra-
dius of curvature than the other arc (24).
A threaded connection according to claim 25, in which
the radius (R1l) of the arc (22) adjacent to the load-
ing flank (19) is in the range 0.1 to 0.2 mm.
A threaded connection according to claim 25 or claim
26, in which the radius (R2) of said other arc (24)
is in the range 0.8 to 1.2 mm.
A threaded connection according to one of the preced-
ing claims, in which the male and female threadings
are non interfering at the thread roots and crests
over all or a portion of the threadings.
A threaded connection according to one of the preced-
ing claims, in which the male and female threadings
interfere at the thread roots and crests over all or
a portion of the threadings.
A threaded connection according to one of the preced-
ing claims, in which the male and female threadings
interfere at the thread roots of a first threading
and at the thread crests of a second threading over
all or a portion of the threading Ilength whereas
there is a radial clearance between the thread roots
of the second threading and the thread crests of the
first threading.
A threaded connection according to claim 30, in which
said radial clearance is at least 0.05 mm.
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