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(57) Abstract: The invention concerns a high-performance threaded tubular joint comprising a first male tbular clement (11) and
a second temale tubular element (12) mutually screwed together. One of the tubular elements (11, 12) comprises an unthreaded lip
(38; 5) extending between its thread and its free end and having a sealing surface (40; 7) in sealed contact with the opposite surface
(41, 8) of the other clement after the first and sccond tubular clements have been serewed, have expanded and generated clastic return
forces. The joint comprises a tubular sleeve (34; 36) slipped on prior to being screwed on the second element (12), positioned to
NS extend substantially uxially opposile said Lip (3; §) and, alter diametrical expansion, generating an elastic returm [orce which is added
to that of the second clement to counter the clastic return force of the first clement thereby causing the second clement to be at least

shrunk fitted by the tubular sleeve.

(57) Abrégé : L'invention concerne un joint fubulaire fileté de hautes performances comprenant un premier élément tubulaire male
(11) et un sccond élément tubulaire femelle (12) mutuellement assemblés par vissage. Un des éléments tabulaires (115 12) comporte
une 1&vre non filetée (38; 5) s'étendant cntre son filetage et son extrémité libre et présentant une surface d’étanchéité (40; 7) cn
contact étanche avee la surface en regard (41; 8) de Iautre é1ément aprés vissage, expansion diamétrale puis génération de forces de
retour élastique des premicr er second éléments tubulaire. Le joint comprend une manchette tubnlaire (34; 36) enfilée avant vissage
sur le sccond élément (12), positionnée pour s*étendre axialement essenticllement on regard de ladite Ievre (3; 5) ct, aprés cxpansion
diamétrale, engendrant une force de retour ¢lastique qui s’ajoute a celle du sccond élément pour contrarier la force de retour élastique
du premier élément en réalisant de ce fait an mains le frertage du second élément par 1a manchette tubulaire
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VERIFICATION OF TRANSLATION

I, Susan Jane Woolley BA DipTST MIL, of 11 Sterry Drive, Thames Ditton, Surrey,
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documents from one into the other of these languages.

The attached document is a true and accurate English translation to the best of my
knowledge and belief of the description and claims of PCT Application no.
PCT/FR03/01744.

I state that all statements made herein of my own knowledge are true and that all
statements made on information and belief are believed to be true.
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~ Reinforced tubular joint for improved seélinq-tiqhtness after plastic expansion

The invention relates to a tubular joint, in particular of the type used for
hydrocarbon wells or similar wells, e.g. in the field of geothermics.

Such a joint may exist between two great-length tubes or between a great-
length tube and a coupling. These joints are used in particular for assembling
strings of casings or tubings. Taking into account the mechanical features
required, the casings and tubings are generally made of heat-treated steel.

For their part, the joints must withstand tension, compression, bending and
sometimes twisting as well as widely differing pressure in both directions
between the inside and the outside. Furthermore, they must even be gas-
tight, at least in certain cases. Threaded joints are particularly advantageous

in this respect.

However, it is currently intended to subject the tubes in situ to diametric
expansion with permanent plastic deformation. This has various advantages,
which will be referred to below. Again it is necessary that the joints remain
operational after the plastic deformation due to diametric expansion to which
they are subjected like the tubes. Thus it is desirable that the threaded joints
hold after plastic diametric expansion whilst substantially retaining the
features for which they are valued, in particular mechanical strength under
tension/compression, with or without internal or external high pressure, as
well as sealing-tightness. A joint remains sealing-tight at liquid and/or gas
pressures which are even greater if the contact pressure between the parts of
the joint is strong over a good width and over the entire periphery of the

surfaces in contact.
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Conventional joints are not entirely satisfactory: either they do not meet these
requirements, or they meet them in a random manner, or they meet them but

not repeatedly.

In WO 02/01102, a joint structure is proposed intended to withstand plastic
diametric expansion. In FR 02 00055, the Applicant has likewise proposed an
improved joint structure to withstand plastic diametric expansion.

The present invention has just improved the situation and more particularly

the sealing-tightness of the threaded joint.

The invention relates to a high-performance threaded tubular joint comprising
a first, male tubular element and a second, female tubular element capable of
being made up by the screwing together of respective mating threads. One at
least of the first and second tubular elements has a non-threaded lip
extending between its thread and its free end and having a sealing surface
capable of being in sealing-tight contact with the opposite surface of the other
element after screwing together and diametric expansion, followed by the
generation of springback forces of the first and second tubular elements.

According to a main feature, the tubular joint has a tubular sleeve capable of
being threaded over the second element before screwing, of being. positioned
so as to extend axially substantially opposite the lip and, after diametric
expansion, of generating a springback force which is added to that of the
second element to counteract the springback force of the first element, thus
effecting at least the shrink-fitting of the tubular sleeve over the second

element.

According to an advantageous embodiment, the non-threaded lip of the first

element has a tongue at its end capable of engaging in abutment in a
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corresponding groove of the second element after screwing together and
before expansion. The non-threaded lip is also capable of being held by the

tongue in the groove during diametric expansion.

Advantageously, the sealing surface of the lip and the opposite surface are
cylindrical and are disposed with slight clearance from one another after

screwing and before diametric expansion.

According to another embodiment, the sealing face of the lip and the opposite
face are capable of interfering radially with one another after screwing

together and before diametric expansion.

According to a first modified embodiment, each of the first and second tubular
elements'comprises a non-threaded lip extending between its thread and its
free end and having a sealing surface capable of being in sealing-tight contact
with the opposite surface of the other element after screwing together and
diametric expansion followed by the generation of springback forces of the
first and second tubular elements. In this embodiment, the tubular joint
comprises two tubular sleeves capable of being threaded over the second
element before screwing together, of being positioned so as to extend axially
substantially opposite to the lips respectively, and of generating a springback
force which is added to that of the second element to counteract the
springback force of the first element, thus effecting at least the shrink-fitting of
the tubular sleeve over the second element..

In a second modified embodiment, the two sleeves are connected together by

a brace having a cross-section smaller than that of the sleeves, the sleeves

and the brace being formed in one piece.
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Advantageously, the tubular brace has a radial thickness less than that of the

sleeves.

According to one embodiment of the invention, each tubular sleeve has an
overlap length roughly equal to the length of the opposite lip optionally with
the addition of a length corresponding to at most 8 times the pitch of the

threads.
Advantageously, each sleeve is centred over the opposite lip.

In an advantageous embodiment, the tubular sleeve extending opposite to the
lip of the second element has a radial projection capable of coming into
contact with a radial surface located at the end of the second element and

capable of facilitating positioning of the tubular sleeve.

Preferably, the tubular sleeve is kept in position relative to the second element
by adhesion of at least part of the surfaces of the second element and of the

opposite sleeve:

The tubular sleeve is positioned axially on the second element by means of
shrink-fitting at least by cooling of the second element and/or heating of the

tubular sleeve.
In order to facilitate positioning of the tubular sleeve, the second element has

a mark located on its outer peripheral face. In a possible embodiment, the
mark is a shallow groove formed on the second element.

Preferably, the radial thickness of the tubular sleeve is at least equal to

1.5 mm.
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The material of the tubular sleeve has a vield strength higher than the yield
strength limit of the material of the first and second elements. Moreover, the

yield strength of the tubular sleeve is adjusted by heat treatment.

The invention also relates to a method of producing a sealing-tight tubular
threaded joint, starting from a tubular threaded joint known as an "initial
tubular threaded joint". This initial threaded joint is subjected to diametric
expansion in the region of plastic deformation by means of an expansion ball
of a diameter greater than the inner diameter of the tubular elements, which is
moved axially in the threaded joint in the region where each sleeve generates,
after expansion, a springback force which is added to that of the second

element in the region overlapped by the sleeve.

The invention also relates to a high-performance sealing-tight tubular joint,
such as can be obtained by the method according to the invention, comprising
a first, male tubular element and a second, female tubular element made up

by the screwing together of respective mating threads. One at least of the

first and second tubular elements has a non-threaded lip extending between

its thread and its free end and having a sealing surface in sealing-tight contact
with the opposite surface of the other element. The joint furthermore has a
tubular sleeve tightly surrounding the second element and extending axially

substantially opposite to the said lip.

The Figures below show in a non-limiting manner, embodiments of the

invention:

Figure 1 shows a threaded joint of the type to which the invention relates,

Figure 2, the male element of the threaded joint of Figure 1,
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Figure 3, the female element of the threaded joint of Figure 1,

Figures 4 to.7 show the threaded joint of the type to which the invention
relates at various stages of the expansion process,

Figure 4 shows the phase of expansion of the threaded joint,
Figure 5, the bending phase,
Figure 6, the straightening phase,

Figure 7, the final state of the threaded joint after undergoing the expansion

process,

Figure 8, a threaded joint before expansion, having an embodiment of the

sleeves according to the invention,

Figure 9, the threaded joint after expansion, having an embodiment of the

sleeves according to the invention.
The drawings contain essentially elements of a certain character. They may
therefore not only aid understanding of the description, but also contribute to

the definition of the invention if necessary.

Annexe | shows the results of a comparative study of the sealing-tightness of

a reference joint and threaded joints according to the invention. .

We refer here to the drilling of wells for hydrocarbons or geothermics.
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Conventionally, the top of a well is first drilled to a relatively small depth of
several tens of metres by means of a large-diameter tool, for example of
about 500 mm wide, and is lined with a string of tubes of this diameter. The
drilling diameter then decreases ‘by steps until the bottom of the well, which
may be drilled with a substantially smaller diameter of about 150 mm in the
same example. Such a well is then cased with plural strings of concentric -
tubes, each lowered at the end of drilling at the corresponding diameter and
all suspended from the surface; the tubes of largest diameter extend from the
surface to several tens of metres deep, and the tubes of the smallest diameter
extend from the surface to the bottom of the well, whose depth may reach
several thousand metres. The space between the casings and the earth is

filied with cement for example.

After the well has been completely drilled and lined, a string of tubings can be
lowered in order to allow in particular the rising of hydrocarbons to the

surface, i.e. actual working of the well. Obviously this string of tubings has an
outer diameter which is slightly smailer than the inner diameter of the string of

casings.

To equip a well therefore leads to the installation of a large number of tubes of
various dimensions, usually connected by means of threaded. joints taking into
account the advantages of this type of connection. It is desired to make these
tubes as slim as possible in order to avoid too large diameters of casings near
the surface. In fact keeping within the requirements and specifications
applicable to threaded joints often leads to their having a larger thickness than
that of the current part of the tubes, and this makes it imperative to increase
the diametric progression between concentric strings when descending deep

down into the well.
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The connecting together of tubes is effected either by screwing the threaded
ends of the tubes into one another (known as integral joints), or by means of
threaded couplings covering their ends. The tubes are lowered consecutively
after being screwed into the end of the preceding tube or coupling.

The specification API 5 CT of the American Petroleum Institute (AP!) thus
defines tubular threaded joints between two large-length tubes ("integral-joint
tubing", "extreme-line casing"), as well as coupled threaded connectiohs
comprising two threaded joints for assembling two large-length tubes by
_means of a coupling. These AP joints are only made sealing-tight by the
application of a grease charged with metal particles, which fills the gaps

between threads.

Obviously the links between tubes (or between tubes and couplings) must
remain sealing-tight whatever the loads to which the tubes are subjected
during their descent into the well, and within a wide range of weight
supported, since each joint supports at least in part the tubes located above
itself. Furthermore, the mechanical performance of the threaded joints seem

to be closely linked to their geometric characteristics.

A threaded joint is first defined by an "efficiency” under tension, determined by
the ratio between the cross-section of the tube at the thread and the cross-

section of the tube along its length.

Furthermore, when the pressure of the internal or external fluid exerted on the
tubes becomes excessive, the threads may disengage, especially where the
threadings have rounded triangutar threads. This is why it is generally

preferred to implement trapezoidal threads.
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This being the case, whatever the type of thread used, there is always, in
spite of the use of grease charged with particles, a leak channel into which a
fluid under high pressure can circulate due to the play between the non-
contacting surfaces. For a tensile load, there is a fluid pressure threshold
beyond which the combined tension and pressure load causes the API
threaded joints to disengage or jump out at the contacting threads of the male

and female parts.

Threaded joints and connections have to this end been the subject of various
improvements: for examplé, the patents FR 1489013, EP 0488912, and US
4494777 have aimed to create what are known as superior or 'premium'’
tubular threaded joints which are particularly sealing-tight by virtue of metal-
to-metal sealing bearing surfaces and of judiciously disposed stops between

male and female elements.

This can be effected by two tapering sealing surfaces in interfering contact,
the male sealing surface being disposed outwardly beyond the male thread
and the female sealing surface being disposed correspondingly over the
female element. Transversely located stop surfaces are used in cooperation

to position the sealing surfaces and to increase their efficiency.

As indicated, after lowering of a tubular string into a well, it is intended to
subject this to diametric expansion with permanent plastic deformation. This
is effected for example by meaﬁs of a ball which is forced to pass inside the
string: see patents or patent applications WO 93/25799, WO 98/00626, WO
99/06670, WO 99/35368, WO 00/61915, GB 2344606, GB 2348657. This

offers the following advantages:

- lowering a string of low bulk, which is then forcibly expanded,

- thus installing a string of casings,
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- in the same manner, sealing in situ the holes of a casing or tubing pierced by
corrosion or friction with the drilling rods, or even of lowering into the well low-
buik tubes which wilt be expanded to the desired diameter once in place,

- finally and above all, permitting the drilling of well bores of a uniform
diameter over their entire length, whose casing is realised by a string of tubes
all of the same diameter, the tubes being inserted in the non-expanded state,

then being expanded in situ to the diameter of the well bore.

’ It would therefore be possible to substantially decrease the number of tubes
necessary to equip a well by eliminating the larger-diameter tubes having a
greater thickness. The cost of the well is consequently reduced. It is even
conceivable to drill the well directly with the string of casings, which would act

as a guide for the drilling rods.

It has been found that realising threaded joints which retain their performance
after this expansion is extremely difficult, especially as this must be reliable

(all the joints must hold) and stable in operating conditions.

It has been found that the conventional tubular threaded joints such as those
according to the patent US 4494777 do not withstand plastic diametric
expansion. After expansion on these joints, the following is found:

- an absence of sealing-tightness (which in addition makes it impossible to
effect expansion by pushing the ball hydraulically through the string);

- a deflection of the male end towards the inside of the joint inducing an
internal projection into the space defined by the inner functional diameter,
which considerably reduces in an unacceptable manner the inner functional

diameter of the string;
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- possible rupture of the lip of the male end by exceeding the capacity for
deformation of certain regions which are particularly stressed due to the
variations in thickness along the length of male and female elements relative

to the thickness in the body of the tube.

It has therefore been tried to form a tubular threaded joint which is capable of
withstanding the expansion operation in the well and which is sealing-tight to
liquids and to gases after the expansion operation. It has also been fried to
make the tubular threaded joint simple and economical to produce. It has
further been tried to give the threaded joint excelient metallurgical properties
during operation therefore after expansion, in particular in that it has in this
state a sufficient yield strength that it is free of brittieness and that it has good

resistance to sulphide stress cracking.

Threaded joints are known having a male lip corresponding to a fémale
housing (US 4611838, US 3870351, WO 99/08034, US 6047997). It has
been found that these known assemblies have no sealing-tightness after
plastic expansion, but in any case this is in no way intended.

In US 4611838, the male lip has a male end annular surface having an
annular tooth: a female shoulder annular surface comprising an annular
groove is provided. For abutment, the male lip has a toroidal outer peripheral
surface and the female housing has a conical inner peripheral surface. These
peripheral surfaces interfere radially at the end of screwing together in order
to form sealing areas. US 4611838 aims to maximise the radial interference
of the toroidal outer peripheral surface of the male lip with the conical inner
peripheral surface of the female housing at the end of screwing together (and
thereby sealing-tightness of the threaded joint) by virtue of the shape of these
peripheral surfaces and the supporting effect of the lower surface of the

groove to the lower surface of the tooth. But the male end surface according
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to US 4611838 is not well held in position in the end surface of the female -
shoulder of the threaded joint and therefore does not permit the transmission
of a bending moment to the free end of the male Ii'p due to the free space
between the upper wall of the tongue at the free end thereof and the upper
wall of the groove at the bottom thereof. Sealing-tightness after expansion

cannot therefore be guaranteed.

US 3870351 has a configuration of the male lip and end and of the female
housing close to the configuration of the patent US 461 1838, the male free
end surface being convexly curved and bearing on a concavely curved female
shoulder surface so as to form two sets of metal-to-metal sealing surfaces,
one at the curved surfaces, the other set being disposed on the outer
peripheral surface of the male lip.and on the inner peripheral surface of the
female housing. Such a configuration makes it possible to increase the radial
interference between the peripheral sealing areas on the screwed joint, which
is not however sufficient for the application under consideration (sealing-

tightness after expansion).

WO 99/08034 describes a threaded joint with square turns having a male lip
corresponding to a female housing and having male end annular surfaces and
female shoulder annular surfaces in the form of abutting rebates fitting one in
another. The outer peripheral surface of the male lip and the inner peripheral
surface of the female housing have cylindrical parts which interfere radially
with one another in order to form a set of peripheral sealing areas at the end
of screwing together when the male and female rebates are fitted together.
The configuration of these surfaces is complex and expensive to realise, and
gives no guarantee of sealing-tightness after plastic expansion. Furthermore,

the trapping of grease may lead to poor positioning of the threaded elements.
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Finally, US 6047997 describes a structure of drilling rods for underground
pipes for which there is no particular demand for sealing-tightness. The male
end face according to this patent is rebated in a female shoulder face, but the
figures show a considerable gap between the outer peripheral surface of the
male lip and the inner peripheral surface of the female housing. This is not

satisfactory either for the application under consideration.

In the connecting technique by expansion, each tube is placed end-to-end
with the tubes already assembled after passing through the tubes preceding
it. In order to allow the tube to pass through, the diameter of each tube
already assembled will have undergone expansion of about 10 to 25 %,
starting with the first tube, by the passage of a ball of generally conical shape
pulled from the surface of the well.. This expansion of the tubes also makes it

possible to improve sealing-tightness at the contacting surfaces of the joints.

An embodiment of a metal-to-metal sealing joint in the form of a finger
adapted to this technology is disclosed in WO 02/01102 cited above. Another
"embodiment is shown in the not-yet-published French Patent FR 02 00055
cited above. Each of these embodiments describes a sealing-tight joint
capable of being expanded and, once expanded, having sealing regions

which ensure sealing-tightness to liquids, and even gas.

A sealing region is formed of two surfaces in contact subjected to contact
pressures. One sealing region femains sealing-tight to liquid pressures, or
gas pressures, which are even greater the since the contact pressure on
these surfaces is strong. Moreover, the dimensions of these sealing surfaces
(width and length) also have an effect on sealing-tightness. The invention
proposes to improve the sealing-tightness of these joints at liquid and gas
pressures in particular by increasing the contact pressure level with the

sealing regions.
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Figure 1 shows a joint comprising a male threaded element 1 disposed at the
end of a first tube 11. This male element is screwed in abutment into a
threaded female element 2 disposed at the end of a second tube. The inner
diameter of the male threaded element is in this case equal to the inner
diameter DI of the tubes 11, 12. in the embodiment in Figure 1, the outer
diameter of the female threaded element is equal to the outer diameter DE of

the tubes 11, 12 only by way of example.

The joint in Figure 1 is shown in the state of being simply screwed into

abutment before any diametric expansion operation.

The second tube 12 as shown is a great-length tube. This second tube could
be, in a manner not shown, a coupling equipped on one side with the female
element 2 and on the other side with a second female element which may or
may not be symmetrical to the latter and which is screwed to a male element

located at the end of another great-length tube.

Only the male element 1 is shown in Figure 2.

It comprises a male thread 3, which is tapered with trapezoid thread and
extends fo its free end by a non-threaded end part formed by a groove 21 and
by a lip 5 and ends with an annular male end surface 9.

The groove 21 has a shallow U-shape.

It starts immediately beyond the thread and its depth hg is smaller than the
height of the thread 3. Thus the bottom of the groove meets the root of the
first thread.
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The width of the groove |y is-substantially equal to 4 times its depth hg.

The lip 5 has:
a) an outer peripheral surface 7 of cylindrical form,

b) an inner peripheral surface 19 which corresponds to the end region of the
cylindrical inner peripheral surface of the first tube 11.

. The lip 5 therefore has a uniform thickness e, substantially equal to half the
thickness e; of the tube 11. It has a length |, measured from the end of the
groove to the perpendicular of the surface 15 (defined below) substantially

equal to 3 times the lip thickness e;,

The male end surface 9 forms a rebate. This rebate is formed of a male
annular transverse surface 15 and an annular tongue 13 projecting axially,
adjacent to the transverse surface 15. The male transverse surface 15 is
located on the side of the rebate oriented towards the interior of the threaded

joint.

The outer peripheral surface of the tongue 13 is an extension of the face 7 of

the lip, whereas its inner peripheral surface 17 is cylindrical for example.

The radial thickness of the tongue 13 is substantially identical to that of the
transverse surface 15, whereas the height of the tongue (or axial projection
thereof) is substantially equal to the radial thickness of the tongue. It may
also be equal to 1.5 times this radial thickness in order better to retain the free

end of the tongue during expansion.

The female element 2 is shown alone in Figure 3.
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It comprises, from the free end of the female element, a female thread 4 with
trapezoidal threads homologous to the male thread 3, then a non-threaded
part 6. This non-threaded part 6 forms a housing to correspond to and

cooperate with the lip 5 of the male element 1.

The female housing 6 has a peripheral surface 8 turned inwards, of cylindrical
shape, connected on one side to the female thread 4 and on the other side via
a female shoulder 10 to the inner cylindrical peripheral surface 20 of the

second tube 12.

In general, the diameter of the peripheral surface 8 of the housing is very
slightly iarger than the diameter of the outer peripheral surface 7 of the male
lip 5. Thus the faces 7 and 8 can slide into one another with little clearance
during screwing of the male element into the female element, e.g. with a

clearance of 0.2 mm. The advantage of such sliding will be explained below.

The female shoulder has an annular shoulder face 10 which is disposed
substantially correspondingly and which has a shape substantially similar to
that of the male end 9. The face 10 forms a rebate consisting of a female
transverse annular surface 16 and an annular groove 14 adjacent to the

transverse surface 16.

The female transverse surface 16 is located on the side of the rebate oriented

to the interior of the threaded joint.

The wall 18 of the groove 14 adjacent to the transverse surface 16 is
cylindrical for example and can join thereto by a chamfer or rounded edge.
The opposite wall of the groove is an extension of the peripheral surface 8.
During screwing together of the threaded joint, the surface 17 of the tongue
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'rises' over the wall 18 of the groove until the free transverse end of the
tongue extends against the bottom 24 of the groove 14. The axial height hr of
the tongue 14 and the axial depth P, of the groove are such that the
transverse surfaces 15 and 16 do not come into contact until after further
screwing. The small clearance between the cylindrical surfaces 7 and 8 and
between the surfaces of the tongue and the groove which are an extension of
them therefore permits evacuation of the grease at the end of screwing and
therefore correct positioning-of the lip 5 relative to the housing 6.v

Figures 4 to 7 illustrate the deformation phenomena produced when diametric
expansion of about 15% is realised by means of a ball on the tubes connected
by the threaded joints which have just been described and which ultimately

permit-a sealing-tight expanded joint.

Such deformation carried out on metal materials leads to plastic deformation

of the metal.

Thus for example one passes from an outer diameter of 139.7 mm (5.5in)on
the second tube 12 upstream of expansion, and consequently in the part not
yet deformed, to an outer diameter of 157.5 mm (6.2 in) on the first tube 11
expanded (at the level of or downstream of the exit cone 33 of the ball). Itis
therefore imperative to use for the tubes a metal which allows such plastic

deformation.
The plastic deformation generated increases the yield strength of the
products: a tube having initially an elastic limit of 310 MPa (45 KSI) will have

thus increased to 380 MPa (55 KS)) after deformation.

The diametric expansion is carried out in a known manner by means of a ball
30 (Figure 4) of adequate maximum diameter. The ball is forced through the
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tubes either by pulling with the aid of drill reds or by pushing by hydraulic

pressure, for example.

The ball has for example a biconical shape with an entry cone 31 on which
the expansion is carried out, a middle cylindrical part 32 and an exit conical
part 33. All the surfaces of the parts of the ball are joined together by adapted

connection radii.

WO 93/25800 discloses in particular angles of entry cones especially adapted
to the diametric expansion of tubes known as EST (expandable slotted tubing)

for the working of hydrocarbon wells,

Since the tubes 11, 12 have a substantially constant cross-section, their ends
do not create a particular problem during passage of the ball, provided that
the capacity for deformation of the metal of which they are made is sufficient.

The process of expansion of the threaded joint can be broken down into 4

phases which are the subject of Figures 4t07.
Although the expansion operation can be carried out entirely in the reverse
direction and lead to adequate results, the preferred mode of deformation has

been shown in which the ball moves from the male element 1 of the first tube

11 to the female element 2 of the second tube 12.

a) Expansion phase on the ball cone

Figure 4 shows the threaded joint during this phase.

The expansion is carried out by the entry cone 31 of the ball 30 and Figure 4

shows the male 3 and female threads 4 during diametric expansion.
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In Figure 4, the entry cone 31 of the ball 30 starts the deformation of the male
lip and of the homologous female housing region by bending them in order to

incline them relative to the axis of the connection.

During this expansion phase, the reaction loads to the passage of the ball 30
are progressively transferred from the first tube 11 to the second tube 12.

Due to these reaction loads, the male lip 5 is compressed axially during this
expansion phase by the annular face of the female shoulder 10.

The end of the expansion phase corresponds to the arrival of the free end of
the male element at the end of the entry cone 31 of the ball.

b) Bending phase

During this phase, the male lip is located level with the central part 32 of the

ball: see Figure 5.

i) Male lip

The male lip 5 is subjected at both ends to bending moments in opposite

directions.

The male end surface 9 is in fact kept in position in the female shoulder face
10 due to the rebates with bearing surfaces 15, 16 and to the embedding

device of the tongue 13/groove 14.

The embedding of the rebates forces the free end region of the male lip 5 to
follow the inclination of the region 22 of full thickness of the female element
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beyond the shoulder. This region 22 is again in the process of expansion on
the entry cone 31 of the ball and therefore creates a bending moment at this

level.

The other end of the lip, on the side of the male thread 3, is no longer
supported and on the contrary imposes on the lip a bending moment opposite

to that at the free end of the lip.

The bending moments of opposite sign at the two ends of the male lip bring
about a banana-shaped curvature of the male lip 5, as in Figure 5, whilst the

outer peripheral surface 7 of the lip 5 takes on a curved convex shape.

The state of axial compression of the male lip 5 at the end of the phase of

expansion facilitates its curvature under the effect of the bending moments.

The groove 21 located between the male lip 5 and the male thread 3 acts as a
plastic pivot which accentuates the curvature of the male lip by limiting the

width over which this curvature can take place.
It should be watched in this case, however, that the axial compression
stresses on the male lip do not bring about buckling of the metal 23 under the

groove. This buckling would be converted into a projection of the metal under

the groove relative to the inner peripheral surface 19.
iy Female housing
The same bending phenomenon is produced on the female housing.

The region 22 of full thickness which is relatively rigid compared to the
relatively slim regions of the lip undergoes additional expansion upon passage
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of the middle part, such that the inner diameter of the region 22 becomes
larger than that of the middle zone 32 of the ball. The additional expansion
phenomenon is described in the specification WO 93/25800.

¢) Straightening phase

This phase illustrated in Figure 6 corresponds to the passage of the female
region 22 of full thickness over the middie part 32 of the ball 30.

i) Female housing

The bending generated in the preceding phase tends to be brought back to
zero under the effect of tension and circumferential stresses, which generates
a state of inverse axial bending stresses relative to the curvature, thus

bringing about straightening.

The beﬁding moment generated by these stresses is proportional fo the
thickness of the material upstream of the straightening. At the moment of
arriviﬁg on the tube 12 of full thickness (region 22), the bending moment is not
sufficient to straighten the inner peripheral region of the female housing,
which then tends to dive towards the axis of the product. This behaviour is

manifested by a local reduction of outer diameter of the tube 12.

ii) Male lip

During the straightening of the female part, the difference in axial bulk which
was generated by bending decreases. The male lip 5 therefore progressively
loses the state in which it was under compression. This is foll.owed by
separation of the surfaces 15, 16 initially abutting. This phenomenon is
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reinforced by 'the diver' of the inner peripheral face 8 of the female housing

which produces an effect of opening of the abutments 15, 16.

The banana-shaped deformation imposed in the preceding phase is

conserved.

d) Final state
Figure 7 shows the final state of the threaded joint after passage of the ball.

The state of hoop stresses generated by expansion leads to shrinking of the
inner surface 8 of the female housing on to the outer peripheral surface 7 of
the male lip. One can therefore refer to-self-shrinking of the surfaces 7, 8 of
the threaded joint in the expanded state, which ensures sealing-tightness.
The male lip 5 does not dive towards the axis, as the radial offset imposed by
the embedding of the rebates 9, 10 has generated sufficient plastic

deformation.

The springback displacement of the elements of the threaded joint after
passage of the ball is negligible compared to the plastic deformation brought

about.

The radial shrink-fitting induces a contact pressure of several tens of MPa,
even more than 100 MPa, sufficient to ensure sealing-tightness at the internal
or external pressures at the threaded joint. The length of shrink-fitting is
sufficient over the entire circumference of the contact surfaces to ensure

stable sealing-tightness between these contact surfaces.

Sealing-tightness is further necessary when expansion is carried out by
pushing the ball-30 hydraulically under a pressure of 10 to 30 MPa, and any
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leak at the joints that have already been expanded prevents the ball from
penetrating further forward in the string and consequently blocking the

process of expansion.

Too much clearance between the peripheral face 7 of the male lip 5 and the
peripheral face 8 of the female housing on the threaded joint before
expansion would not allow the shrink-fitting of these surfaces at the end of the

expansion operation.

Radial interference between these surfaces in the initial state before

. expansion is liable to hinder the differential deformation (curvature,
straightening) between these surfaces during expansion operations, which
differential deformation makes it possible to effect shrink-fitting of these
surfaces at the end of the expansion operation. It may also lead to galling of
these surfaces during screwing together and poor positioning of the elements
with incorrect embedding of the faces 9 and 10, and consequently to poor
shrink-fitting of the surfaces 7 and 8 after expansion.

In a preferred embodiment, the form with an annular rebate with transverse
surfaces 15, 16 and the tongue 13/groove 14 mechanism makes it possible to
prevent diving of the male free end during expansion. Other embodiments of

encased surfaces 9, 10 are possible in order to give the same resuit.

A too-small male lip 5 of thickness e, smalier than one third of the thickness e
of the tubes 11, 12 does not make for an effective abutment with the

transverse surfaces 15, 16.

If the thickness e, of the male lip 5 is on the other hand larger than 2/3 of the
thickness e; of the tubes 11, 12, the thickness of the tube 12 at the level of the
female housing brings about a critical cross-section for the female thread 4
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which is too weak and consequently offers insufficient resistance to tension of

the threads.

The ratio of length/thickness of the male lip 5 dictates the behaviour under

compression and bending of the lip 5.

A male lip 5 of length || smaller than its thickness does not give sufficient
bending of the peripheral surface 7 of the male lip 5 and/or straightening of

the peripheral surface 8 of the female housing.

A male lip 5 of length | larger than 4 times its thickness e, can cause buckling
of the male lip and an internal projection thereof on the side of the thread.

This effect is accentuated by the presence of a groove 21 between the male

thread 3 and the male lip 5.

This is why the groove preferably has a depth limited to thread height and a

length which is limited relative to its depth.

A tongue 13 of insufficient radial thickness and axial height lower than the

radial thickness could not be supported sufficiently during expansion.

We refer now to Figure 8, showing a tubular joint after screwing together of
the partly threaded tubular elements, which joint is intended to be expanded

diametrically according to the invention.

This joint has male 11 and female 12 tubular elements as shown in Figure 1.
The end part of the male tube has the lip 5, whose peripheral surface 8 is
capable of coming into contact with the peripheral surface 7 of the female

housing 8 of the female tube 12 upon expansion of the joint. The contact
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region with contact pressure between the surfaces 7 and 8 after expansion is
known as the inner sealing region Cl, as it is located towards the interior of
the joint. After expansion, there is also a contact region between a surface of
the tongue of the male lip and an opposite surface of the groove of the female

tubular element.

A tubular sleeve 36 is disposed concentrically to the female tubular element
12. This tubular sleeve 36 has an inner diameter such that it allows this
tubular sleeve to be threaded by an operator, before screwing of the tubular
elements 11 and 12, on to the female tubular element 12 and to be in contact
with the outer surface 37 of the tubular element 12, This tubular sleeve
extends over all its length Im1 in order to overlap the lip 5 axially and to
extend beyond the lip 5 on either side, i.e. on the side of the thread and
beyond the tongue 13. The tubular sleeve 36 is advantageously centred on

the lip.

At the end of screwing together and before expansion, the tongue 13 is axially
abutting against the bottom of the groove 14 and the sealing surfaces 7 and 8
are cylindrical and disposed with slight clearance from one another at the end
of screwing together. The lip 5 is held during expansion by the embedding
device of the tongue 13 and groove 14.

In the example, the tubular sleeve 36 is formed of material identical to that of
the tubular elements whose vield strength is for example identical to the yield
strength of the material of these tubular elements. After diametric expansion,
the tubular sleeve generates a resilient springback force, which is added to
that of the male element and counteracts the springback force of the female
element. The shrink-fitting of the tubular sleeve over the female element is
thus effected. Moreover the difference of springback force between the male

element on the one hand and the assembly consisting of the sleeve and
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female element on the other brings about compression of the female element.
As the tubular sleeve 36 overlaps the surfaces 7 and 8 and slightly beyond,
the compression is translated into an increase in contact pressure between
the sealing faces 7 and 8 of the male and female elements. The shrink-fitting
of the female element over the male element is thus effected. The presence
of the tubular sleeve 36 requires an expansion energy scarcely larger than
when there is no tubular sleeve (of about 10%) and considerably reinforces
the contact pressure at the inner sealing region Cl after expansion (of about

200% for a sleeve of a thickness of 4 to 5 mm).

In the embodiment shown, before expansion, the tubular sleeve 36 is defined
by

- a length of overlap Im1 roughly equal to at least the length of the lip 1 with
the addition of a length of about 2 to 8 times at most the width of a turn of the
thread, "

- a radial thickness em1 limited between a maximum radial thickness
specified by the maximum bulk of the joint and a minimum radial thickness
specified by too weak an effect of the sleeve on the springback force of the
threaded elements: advantageously, the radial thickness is about a few
millimetres, e.g. at least 1.5 mm and preferably about 4 to 5 mm for tubes of
an outer diameter of 150 mm and a thickness of 7 to 8 mm. The preferred
thickness of the sleeve is substantially close to that of the male lip. After
expansion the radial thickness is at least equal to 1 mm.

In one embodiment of the invention, the surfaces 7 and 8 define what is
known as the inner sealing region ClI of the joint after diametric expansion.
However, another sealing region is formed before and after diametric

expansion of the sealing-tight joint shown in Figure 8.
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Thus the female tubular element 12 has, between its thread and its free end,
a non-threaded female lip 38. This female lip-38-has an inner peripheral face
41 ending with a radial surface 39 forming an annular surface. The male
tubular element 11 has an outer peripheral surface 40 on the side of the male
thread opposite to its free end. After screwing togéther fully the male and
fernale tubular elements, the inner peripheral surface 41 interferes radially
with the outer peripheral face 40 of the male tubular element 11 so as to
define a sealing-tight region before expansion. The surfaces 40 and 41 are
both conical and of similar conicity. During expansion, the female lip not in
axial abutment against the male element, there are no signs of bending or

" counter-bending as in the case of the male lip in axial abutment against the
female element. Thus the female ilip does not dive towards the axis. After
expansion, there happens just a springback replacement of the lip 38 which
is slightly greater than that of the subjacent male element. This brings about
sealing-tight contact between the inner peripheral surface 41 of the femalé lip
and the corresponding peripheral surface 40 of the male tubular element 11.
The interference of the surfaces 40 and 41 after screwing together ensures
contact between these surfaces upon springback at the end of after

expansion.

The sealing-tight contact region between the surfaces 40 and 41 after
expansion is known as the outer sealing-tight region CE, since it is located

towards the outside of the joint.

Apart from any other means, the external sealing-tightness created at the

region CE is however less than that created at the region CI.
A tubular sleeve 34 is disposed concentrically to the female tubular element

12. This tubular sleeve 34 has an inner diameter such that it allows the
tubular sleeve to be threaded on by an operator before screwing of the tubular
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elements 11 and 12 on to the female tubular element 12 and to be in contact
with the outer surface 37 of the tubular element 12. This second tubular
sleeve extends over its entire length im2 in order to overlap axially the
peripheral surfaces 40 and 41 capable of defining the sealing-tight region
before and after expansion and to extend beyond these faces on either side,
i.e. on the side of the thread and beyond the radial surface 39. In the
example, the tubular sleeve 34 is formed from a material similar to that of the
tubular elements and whose yield strength is for example equal to the yield
strength of the material of these tubular elements. After diametric expansion,
the tubular sleeve generates a springback force which is added to that of the -
female element in order to counteract the resilient restoring force of the male
element. The shrink-fitting of the tubular sleeve over the female element is
thus effected. Moreover, the difference in springback between the sleeve and
the inner surface of the male element brings about compression of the female
element. As the tubular sleeve 34 overlaps the surfaces 40 and 41 and
slightly beyond, compression is translated into an increase in the contact
pressure between the sealing surfaces 40 and 41 of the male and female
elements relative to a similar joint without a sleeve 34. The shrink-fitting of
the female element over the male element is also effected. The presence of
the tubular sleeve 34 requires an expansion energy scarcely any greater than
without a tubular sleeve and considerably increases the contact pressure at

the outer sealing-tight region CE after expansion (of more than about 300%).

In the embodiment shown, before expansion, the tubular sleeve 34 is defined
by

- a length of overlap Im2 roughly equai to the axial length of the female lip 38
with the addition of a length of about 2 to 8 times at most the width of a
thread,

- a thickness em2 limited between a maximum thickness specified by the
maximum bulk of the joint and a minimum thickness specified by too weak an
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effect on the springback: advantageously, the thickness is about a few
millimetres, e.g. at least 1.5 mm and preferably 4 to'5 mm for tubes with an
outer diameter of about 150 mm and of a thickness of 7 to 8 mm. ‘Here also,
the thickness of the sleeve 34 is preferably about the same size as that of the

female lip. After expansion, the radial thickness is at least equal to 1 mm.

Whether for the sleeve 34 or the sleeve 36, it has been found that'a short
sleeve, discontinuous in material from the male and female threaded
elements, would improve the sealing-tightness performance, in particular of
external sealing-tightness, much more than a long added sleeve or than a
simple extra thickness of the material on the female element instead of the

- sleeve or sleeves. Such a teaching would not appear to be absolutely

obvious.
Various methods of mounting sleeves are conceivable.

In one embodiment, the tubular sleeve 34 has a radial projection 42 at one
end. Thus, before screwing together of the tubular elements 11 and 12, an
operator threads the tubular sleeve 34 on to the tubular elements 12 from the
end opposite to that having the projection, the inner peripheral surface of the
sleeve being in contact with the outer peripheral surface 37. The tubular
sleeve 34 is threaded on until the radial projection 42 comes into contact with
the radial surface 30. The tubular sleeve 34 is thus positioned axially. The
radial projection 42 may advantageously be adhered to the radial surface 39
so as to improve the contact pressure. A "grease glue" can be used, which
hardens in a few minutes inb anaerobic conditions and makes it possible to
hold the position of the tubular sleeve relative to the female element during
expansion. The layer of glue can be sheared and cracked during expansion .

without posing a risk.
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In a modified embodiment, the tubular sleeve 36 and/or 34 is (are) threaded
over the tubular element 12 before screwing together by an operator, then
positioned axially by means of the presence of marking on the outer
peripheral surface 37 of the female tubular element 12, in which case the
marking may be a shallow groove 47. The axial position of the tubular
sleeve(s) 36 and/or 34 may be held by means of the "grease glue" as in the
case of the sleeve with a radial projection. The axial position of the tubular
sleeve(s) 36 and/or 34 may also be held by a very slight shrinking on to the
female tubular element. The shrink-fitting may be effected by heating of the

sleeve and/or cooling of the female element.

The radial thickness of a tubular sleeve may be decreased at the expense of
decreased efficiency in the reinforcement of the sealing-tightness created by
the sleeve. However, it is possible for thin sleeves to compensate somewhat
for their loss of efficiency by increasing their yield strength relative to that of
the male and female elements 11 and 12. The higher the yield strength of the
sleeve compared to the yield strength of the male and female elements, the
better the sealing-tightness at a given thickness. The yield strength of the
tubular sleeve is capable of being modified by heat treatment. However, the
ductility of the material is generally reduced by the increase in yield strength.
A compromise can be found between ductility, which must be sufficient to
generate diametric expansion without rupturing the tubular sleeve, and a vield
strength sufficiently high to ensure sufficient sealing-tightness properties in
spite of the restricted radial thickness of the tubular sleeve.

If a tubular element only has one outer CE orinner Cl sealing-tight region, this
sealing-tight region is capable of ensuring the sealing-tightness against fluids
passing from the inside to the outside as well as from the outside to the

inside. In this case, the terms "outer sealing-tight region” and "inner sealing-.
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tight region" make it possible substantially to locate the sealing-tight region at

the free end of the male or female tubular element. -

In annexe |, the relative properties of threaded joints are shown as integrated
contact pressure over the width of contact. This study aims to compare,
relative to a simple reference threaded joint (case 1) the various embodiments
according to the invention adapted to this simple threaded joint. The joint
taken as a reference is a threaded joint with an outer diameter of 152.4 mm (6
inches) and a metric weight of 27.8 kg/m (18.6 1b/ft) in AISI 420 (13% Cr) steel
according to the American standard (corresponds to the European standard
X20Cr13) treated for the grade API L80 (APl = American Petroleum Institute)
corresponding to the minimum yield strength of 551 MPa.

The tables 1 and 2 relate respectively to the results of external and internal
sealing-tightness as a percentage for each case considered compared to the

internal sealing-tightness of the reference case:

- case 1: reference threaded joint,

- case 2: reference threaded joint covered by a very long sleeve fixed to the
male threaded element and overlapping the thread and the male and female
lips, of thickness 4.5 mm, in steél identical to that of the threaded joint (13%
Cr) and treated identically to the joint (AP1 L80)

- case 3: reference threaded joint equipped with two short sleeves according
to the present invention (Figure 8) of the same thickness, material and
treatment as in the preceding case,

- case 4: the same as case 3, but having a single sleeve disposed at the level
of the female lip, being very thin (thickness 1.6 mm) and adhered to the
female element at the level of its radial projection,

-case 5: the same as case 4, but having a sleeve treated for a grade API P

110 (corresponding to the elastic limit Ry 02> 758 MPa).
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In case 1, the internal sealing-tightness is excellent but the external sealing-
tightness is weaker (44% of the internal sealing-tightness). A long sleeve
(case 2) only improves the internal sealing-tightness. The use of two short
sleeves (case 3) of similar thickness to case 2 improves both the external and
internal sealing-tightness. By severely decreasing the thickness (case 4), it is
possible to retain sufficient external sealing-tightness (only one studied). By
increasing the grade of the sleeve, and therefore the yield strength (case 5), it
is possible to increase the external sealing-tightness, which virtually reaches

the level of sealing-tightness of the reference case.

The peak of effort (not shown here) generated by the presence of the sleeve '

for diametric expansion and the expansion energy is very limited.

For a tubular element having the two inner and outer sealing-tight regions, a
modified embodiment of the tubular sleeve consists in a tubular overlapping
piece 45 as shown in Figure 11, comprising the sleeves 34 and 36 of Figure 8
connected together by a tubular brace 46. This tubular bracé 46 is of much
smaller radial thickness than that of the sleeves 34 and 36 so as virtually not
to oppose the diametric expansion force over the entire length of the brace

46.

The various methods of assembling this overlapping piece are the same as

for the tubular sleeve 34 on its own. -
The invention is not limited to the embodiments described by way of example.
The invention applies either to joints having only the internal sealing-tight

region or the joints having only the external sealing-tight region, or joints
having both sealing-tight regions. The invention can be adapted to joints
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having other sealing-tight regions such as intermediate sealing-tight regions

for example.
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Case number 1

External sealing-tightness 44
{in % compared to internal

sealing-tightness of case 1)

45

158 89

99

Table 2

Case number

Internal sealing-tightness (in %
compared to internal sealing-
tightness of case 1)

100

220

201
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Claims

1. High-performance threaded tubular joint comprising a first, male tubular
element (11) and a second, female tubular element (12) capable of being
made up together by the screwing together of respective mating threads, one
at least of the first and second tubular elements (11; 12) having a non-
threaded lip (38; 5) extending between its thread and its free end and having
a sealing surface (40; 7) capable of being in sealing-tight contact with the
opposite surface (41; 8) of the other element after screwing together,
diametric expansion, followed by the generation of springback forces of the
first and second tubular elements, characterised in that it comprises a tubular
sleeve (34; 36) 'capable of being threaded over the second element (12)
before screwing together, of being positioned so as to extend axially
substantially opposite the lip (3; 5) and, after diametric expansion, of
generating a springback force which is added to that of the sécond element to
counteract the springback force of the first element, thus effecting at least

shrink-fitting of the tubular sleeve over the second element.

2. Tubular joint according to claim 1, characterised in that the non-threaded
lip (5) of the first element has a tongue at the end capable of engaging in an
axial abutment in a corresponding groove of the second element after

screwing together and before expansion, the non-threaded lip beihg capable

of being held by the tongue in the groove during diametric expansion.

3. Tubular joint according to one of the preceding claims, characterised in that
the sealing surface of the lip and the opposite surface are cylindrical and are
disposed with slight clearance from one another after screwing together and

before diametric expansion.
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4. Tubular joint according to claim 1, characterised in that the sealing surface
of the lip and the opposite surface are capable of interfering radially one with

another after screwing together and before diametric expansion.

5. Tubular joint according to one of the preceding claims, characterised in that
each of the first and second tubular elements (11, 12) comprises a non-
threaded lip (38, 5) extending between its thread and its free end and having
a sealing surface (40, 7) capable of being in sealing-tight contact with the
opposite surface (41, 8) of the other element after screwing together and
diametric expansion, followed by generation of springback forces of the first
and second tubular elements, and in that it comprises two tubular sleeves (34,
36) capable of being fitted on to the second element (12) before screwing
together, of being positioned in order to extend axially substantially opposite
to the lips (38, 5) respectively, and of generating a springback force which is
added to that of the second element in order to counteract the spring back
force of the first element, thus effecting at east the shrink-fitting of the tubular

sleeve over the second element.

6. Tubular joint according to claim 5, characterised in that the two sleeves (34,
36) are connected together by a brace (46) having a cross-section smaller
than that of the sleeves, the sleeves and the brace being formed in one piece
(46).

7. Tubular joint according to claim 8, characterised in that the tubular brace

(45) has a radial thickness smaller than that of the sleeves.

8. Tubular joint according to one of the preceding claims, characterised in that
the tubular sleeve (34; 36) has an overlap length (Im2; Im1) roughly equal to
the length of the lip opposite, optionally with the addition of at most 8 times
the pitch of the threads.
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9. Tubular joint according to claim 8, characterised in that the tubular sleeve
(34; 36) is centred on the lip opposite (38, 5).

10. Tubular joint according to one of the preceding claims, characterised in
that the tubular sleeve (34) extending opposite to the lip (38) of the second
element has a radial projection (42) capable of coming into contact with a
radial surface (39) disposed at the end of the second element (12} and
capable of facilitating the positioning of the tubular sleeve (34).

11. Tubular joint according to one of the preceding claims, characterised in
that the tubular sleeve (34; 36) is held in position relative to the second
element (12) by adhesion of at least part of the surfaces of the second

element and of the sleeve opposite.

12. Tubular joint according to one of the preceding claims, characterised in
that the tubular sleeve (34; 36) is positioned axially on the second element

(12) by means of shrink-fitting at least by cooling of the second element (12).

13. Tubular joint according to one of the preceding claims, characterised in
that the tubular sleeve (34; 36) is positioned axially on the second element
(12) by means of shrink-fitting at least by heating of the tubular sleeve.

14. Tubular joint according to one of the preceding claims, characterised in
that the second element (12) has a mark which is disposed on its external
peripheral surface (37) and which is capable of facilitating positioning of the

tubular sleeve.

15. Tubular joint according to claim 14, characterised in that the mark is a

shallow groove formed in the second element (12).
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16. Tubular joint according to one of the preceding claims, characterised in
that the radial thickness of the tubular sieeve is at least equal to 1.5 mm.

17. Tubular joint according to one of the preceding claims, characterised in
that the material of the tubular sleeve has a yield strength higher than the

yield strength of the material of the first and second elements.

18. Tubular joint according to one of the preceding claims, characterised in
that the yield strength of the material of the tubular sleeve is adjusted by heat

treatment.

19. Method of forming a sealing-tight threaded tubular joint, characterised in
that one starts off with a tubular threaded joint according to one of the
preceding claims, known as an "initial tubular threaded joint", and in that this
initial threaded joint is subjected to diametric expansion in the sense of plastic
deformation by means of an expansion ball (30) of a diameter greater than the
inner diameter (D) of the tubular elements, which is moved axially in the
threaded joint in the region where each sleeve generates, after expansion, a
springback force which is added to that of the second element in the region

covered thereby.

20. High-performance sealing-tight tub’ular_ joint such as may be obtained by
the method according to claim 19, comprising a first, male tubular element (1)
and a second, female tubular element (2) made up together by the screwing
together of respective mating threads, one at least of the first and second
tubular elements (11; 12) having a non-threaded lip (38; 5) extending between
its thread and its free end and having a sealing surface (40; 7) capable of

being in sealing-tight contact with the opposite surface (41; 8) of the other

-42-




39

element the joint further comprising a tubular sleeve tightly surrounding the
second element and extending axially substantially opposite to the lip.

-43-
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