DESCRIPTION

INSERT PRECISION-INTEGRATED INTO A BLANK BODY BY ADDITIVE
MANUFACTURING
The invention relates to steel components or pipése field of oil and gas, energy or storage,
for a use such as well operation or the transgdmydrocarbons, geothermal energy or carbon

capture.

A “component” is understood here to be any elemaotessory or pipe which is used for

drilling or operating a well and comprises at leais¢ connection or connector or a threaded
end, and is intended to be joined to another compolny way of a thread to form a threaded
joint with this other component. The component fmayor example a tube or a tubular element
of relatively great length (in particular around m@ters in length), for example a tube, or a
tubular sleeve with a length of a few tens of gaeters, or an accessory of these tubular
elements (a hanging device or “hanger”, a secti@mging part or “cross-over”, a safety valve,

a connector for a drill string or “tool joint”, “§, or the like).

The components or pipes are provided with threadeds. These threaded ends are
complementary, making it possible to join a malautar element (“pin”) and a female tubular
element (“box”) together. There is therefore a nialeaded end and a female threaded end.
Threaded ends referred to as premium or semi-prarganerally have at least one stop surface.
A first stop may be formed by two surfaces of twwetded ends, which are oriented
substantially radially, configured so as to beantact with one another once the threaded ends
have been screwed together or under compressivingsa The stops generally exhibit
negative angles with respect to the main axis efdbnnections. Intermediate stops on joints

having at least two thread stages are also known.

It may be necessary for a pipe to have a metal laitlya non-tubular or non-rectilinear shape.
Specifically, a pipe may comprise a portion thatas straight, for example a curved shape or
S shape, or changes in inside or outside diamidtaxever, the current means for achieving

this are extremely limited and non-functional.

Generally, for technical and machining reasons, diiferent parts of one and the same
component, be this the body of the tubular elemeftite threaded ends, are designed with one
and the same type of material (which is or is moakoy).



The tubes are generally rectilinear, or rectilingas, the two ends of a tube being aligned and
therefore having end axes that are substantiallynear. However, there is a need in the
hydrocarbon, geothermal energy or carbon captulesiny for a tube or a pipe that has different
geometric characteristics, in particular throughphesence of an angular deviation in said tube
between the axis of a first end and the axis efcaisd end. This type of geometry is very useful
for providing branches, elbows, contours and ott@mections depending on the geology
during drilling operations or for more easily amgarg a flow transport. Furthermore, this makes
it possible to save on the number of tubes usedtt@djuantity of resources required. The

current solutions are expensive to realize anddgelunsatisfactory mechanical characteristics.

To achieve this type of geometry with the meanmftbe prior art, a first solution consists in
starting from a solid metal part that is machireddhieve an angular deviation or non-coaxial

terminal ends.

However, such a solution has a number of major daaks; in particular, during the production
of these parts by turning. There is, for examphegat of balance during the production phase,
that is to say a mass not perfectly distributedr averolume of revolution resulting in an
imbalance, at the deflected or deformed part otube. But there are also vibrations and wear
at the time of machining, which greatly weaken tilge and make it less reliable. There are

also geometry defects, non-respected toleranceprasdure drops during hydraulic flows.

A second solution consists in designing and pradyai (non-machined) tube directly with the
desired geometry, for example a tube that exhibithis body an elbow or an angular offset
between the axis of a first end and that of a se@md. However, the drawbacks will arise at
the time of the machining of the thread, which vl very complicated to produce. This is
because such a geometry will make it necessaryettec a method and apparatuses that are
specifically designed. This therefore involves #igant costs and a very low production rate

associated with complex machining that is incoralgi® industrially.

The document CN108278088 A describes a drill stnragle of composite material with a steel
and aluminum gradient and the method for prepatimgorder to develop a drill string that is
lightweight, very strong, very resistant to tempera, wear resistant and corrosion resistant
10.

The document FR 2818 728 relates to tubular thokgoiats made up of a male threaded
element disposed at the end of a first tubular comept and screwed to a female threaded
element disposed at the end of a second tubulap@oemt.
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The document W0O2019/016254 discloses a method &mufacturing a connecting piece 15
intended to be connected to at least one tubulapooent.

The current means of the prior art are therefonééid and are unable to confer more geometric
flexibility on the production of a tube without bging about stresses and undesirable effects.
They are even less capable of producing a stea tab well operation or transport of

hydrocarbons, geothermal energy or carbon captiiheatvleast three terminal ends.

The aim of the present invention is to solve thabjems of the cited prior art, by producing the

metal body of a pipe entirely by additive manufaiciy over at least one insert.

Therefore, the invention consists in a steel pipefdr drilling, operating hydrocarbon wells,
transporting oil and gas, carbon capture or geothkenergy, comprising at least one male (2)
or female (3) insert and a metal body (4), saiénin&, 3) comprising at least a first thread axis,
at least one toric or frustoconical sealing surf@de 22), a threaded part (5) and a non-threaded
part (6) connected to the metal body (4), charadrin that the metal body (4) has been
produced entirely by additive manufacturing.

According to one embodiment, the pipe (1) is charéed in that the minimum and radial

thickness of an insert is determined accordindgnéoetquation:

[Math 1]
min thickness = Rext — (K * Epg + Ri)
where:

Min thickness minimum value of the thickness of an insert in mm

Rext value of the outside radius

Epg value of the thickness of a root of a thresndh

Ri value of the inside radius

K value of the minimum thickness ratio, betweerbCagd 0.7.

According to one embodiment, the pipe (1) is chiaréaged in that the thickness ratio K is equal
to 0.510.

According to one embodiment, the pipe (1) is charémed in that a male (2) or female (3)

insert comprises a determined minimum and radiekitiess of between 4 mm and 20 mm.

According to one embodiment, the pipe (1) is chiaramed in that a male (2) or female (3)

insert comprises a determined minimum and radiekitiess of between 4 and 18 mm.



According to one embodiment, the pipe (1) is chiarazed in that a male (2) or female (3)
insert comprises a determined minimum and radiektiess of between 4.5 and 16 mm.

According to one embodiment, the pipe (1) is charémed in that each of the male (2) or

female (3) inserts has an outside diameter (Oebiveen 100 mm and 480 mm.

According to one embodiment, the pipe (1) is charézed in that the metal body (4) has been
produced by deposition by wire arc additive mantufiacg.

According to one embodiment, the pipe (1) is charéged in that the metal body (4) adheres

around the male (2) or female (3) insert to the-tiwaaded part thereof.

According to one embodiment, the pipe (1) is charaed in that the metal body (4) produced
by additive manufacturing comprises a materialh&f metal type chosen from alloy steels,
high-alloy steels, cupro-nickel alloys, titaniumoghk, ceramics, vitroceramics, or copper,

stellite, ferro 55.

According to one embodiment, the pipe (1) is charézed in that the metal body (4) produced
by additive manufacturing comprises a material witfioung’s modulus of between 110 GPa
and 210 GPa, preferably between 160 GPa and 210 GPa

According to one embodiment, the pipe (1) is chiarézed in that an insert (2, 3) comprises an

anchoring profile (7) designed to adhere the adatéid material of the metal body (4).

According to one embodiment, the pipe (1) is chiarézed in that the anchoring profile (7)

comprises one or more shear surfaces (11) andleasttone securing extension (12).

According to one embodiment, the pipe (1) is charaed in that it comprises at least two

male (2) and/or female (3) inserts.

According to one embodiment, the pipe (1) is characed in that each of said male (2) and/or
female (3) inserts respectively has a first andasd thread axis A1 and A2, and in that said

first and second axes A1l and A2 are non-collinear.

According to one embodiment, the pipe (1) is charazed in that the thread axis of a first male
(2) or female (3) insert has an angle of inclinatid between 0 and 75 degrees with respect to

the axis of a second male (2) or female (3) insert.

According to one embodiment, the pipe (1) is charaged in that it comprises at least three

male or female inserts (62, 63, 64), the inser®s 3, 64) respectively comprising at least a



first thread axis, a second thread axis, a thirelath axis, the inserts being connected by a body
(4) produced entirely by additive manufacturingddgast, second and third axes of each of the

male or female inserts (62, 63, 64) being non-cedr.
The invention also comprises a method for produaipgpe (1), comprising:

- astep of holding one or more male (2) or femajen&erts in a determined position.

- a step of producing the metal body (4) by wire additive manufacturing
comprising a deposition of material from a non-#aed portion of the insert (2, 3).

- a step of heat treatment to modify the mechanibatacteristics of the body and
relieve the mechanical stresses brought aboutdgdiditive manufacturing.

- a step of machining in the metal body (4).

Further features and advantages of the inventidhb&come apparent from studying the

following detailed description and the appendeadviirgs.

[Fig. 1] schematically shows, in a view in longitual section, a tubular threaded joint

according to the prior art.

[Fig. 2a] schematically shows, in a view in longital section, a male steel pipe portion
according to a first embodiment, in which the mbtady has been produced entirely by additive

manufacturing around an insert.

[Fig. 2b] schematically shows, in a view in longiioal section, a female steel pipe portion
according to a second embodiment, in which the Inietdy has been produced entirely by

additive manufacturing around an insert.

[Fig. 3] schematically shows, in a hybrid perspextview, a steel pipe comprising a female

insert and a metal body portion produced entirgladiditive manufacturing.

[Fig. 4a] shows a diagram of stress concentratioa thread tooth according to the invention

and on a tone scale.
[Fig. 4b] shows a schematic diagram of a portioarofnsert according to the invention.

[Fig. 4c] shows a schematic diagram of a portioa @bnnection repeating the parameters of

figure 4b.

[Fig. 5] shows a hybrid perspective view of a pgerording to a variant of the invention

comprising two non-coaxial inserts.



[Fig. 6] shows a hybrid perspective view of a pgerording to a variant of the invention

comprising three non-coaxial inserts.

The appended drawings may not only serve to makattention easier to understand, but also
contribute toward defining it, if need be. They am# limiting with regard to the scope of the

invention.

Figure 1 schematically shows, in a view in longihad section, a tubular threaded joint of the
prior art. The tubular threaded joint comprisesaenelement (22) and a female element (24)
in an assembled or connected state. Each elemanirises a threaded part (5) and a non-
threaded part (6). The tubular threaded joint casegra seal (20) formed by interfering contact
of two sealing surfaces of the toric or frustocahiype on either side of each of said male and
female elements in the assembled state. Each @ioitie®ns of an element are made from one
and the same type of material, that is to say miquédar the threaded part, the non-threaded
part and the sealing surface. There are thereforéwo different types of material for two
different parts of the tube. Each of the male @2lemale (24) elements is rectilinear and has

a common axis of revolution at its male end, itsmtabular body and its other end (not shown).

In order to be able to obtain a pipe with a geoyniore complex than a simple straight tubular
shape, that is to say to obtain a component hawmgxample, terminal ends that are non-
coaxial and/or non-coplanar, two solutions havenljgeposed to date, both of which require

a type of direct intervention on a part or on tineet

Figure 2a shows a steel pipe (1) comprising a nnalert (2) and a metal body (4), said insert
(2) comprising at least a first thread axis (intechby the axis X), at least one sealing surface
(21) that may be toric or frustoconical, a threaped (5) and a non-threaded part (6) connected
to the metal body (4). The metal body (4) has lpgeduced entirely by additive manufacturing.
The insert (2) may advantageously comprise an amgzhprofile (7) designed to adhere the

additivated material of the metal body (4).

According to one aspect of the invention, a nordled part (6) comprises a radial surface
(6R), which may be perpendicular to the thread.alXiés surface may extend radially. A non-

threaded part (6) may also comprise an axial seif@&) on the opposite side from the threaded
part (5). This surface (6A) may be parallel tottivead axis. This axial surface (6A) may extend

axially.



According to one embodiment, the non-threaded (@rtlenotes the surface on the opposite
side from the threaded part, parallel to the thi@dd. It also denotes the radial surface of the

insert (perpendicular to the thread axis).

According to one embodiment, the metal body (4)bdeen produced by deposition by wire arc
additive manufacturing. Advantageously, the wire additive manufacturing confers good
structural integrity and low distortion on the dddited material. It does not require complex

tooling and optimizes material losses, thereby havgethe production costs.

Advantageously, the metal body (4) produced entiogl additive manufacturing allows ease
of geometric configuration. In this way, it is piids to obtain a pipe configured according to
the geometric or geological difficulty encounterdaring well operation or the transport of
hydrocarbons, geothermal energy or carbon capture.

Advantageously, a pipe according to the inventias imuch smoother hydraulic flow that can
be obtained more easily compared with the solutadrtie prior art, in particular through the

absence of an out of balance on machining.

Advantageously, the material of the metal bodyridy be different than that of the insert.
Therefore, where possible, a material can be chibseiis less expensive than that of the insert,
thereby reducing costs. It is also possible to skanaterials having different properties with

respect to the insert depending on the desired use.

Advantageously, the metal body (4) produced bytagdmanufacturing comprises a material
of the metal type chosen from alloy steels, hidbyabkteels, cupro-nickel alloys, titanium

alloys, ceramics, vitroceramics, or copper, stlfierro 55.

Advantageously, the production and machining timsignificantly reduced and compatible

with industrial requirements.

Advantageously, the metal body (4) may be produmgdadditive manufacturing using a
material with a Young’s modulus of between 110 @Ra 210 GPa. Preferably, the body may
be produced with a material having a Young’s moslaiul60 to 210 GPa in order to approach
that of the male insert. This is because, undesdinge stress, a material having a high modulus

of elasticity will undergo less deformation thamaterial having a low modulus of elasticity.

For example, with the elastic limits of the matksribeing able to be between 300 MPa and
950 MPa, an insert may comprise a material madéeet, of alloy steel, Inconel, a nickel base

or a steel of the 13cr or super 13cr standards.
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The insert should be a controlled part, the dinmrsof which need to comply with tolerances.
The insert (2) may be machined by conventional oashwith high precision. The insert may
be obtained separately from the body (4). Advardagly, obtaining the insert (2) overcomes
constraints imposed by the geometry of a pipe ofdex shape. The term tolerance means the
difference between two limit sizes considered tanbeccordance with the nominal dimensions

fixed in advance on a plan.

Moreover, the body (4) is obtained by being buyillditive manufacturing over the insert (2).

Thus, with an insert that is already controlleds imuch easier to confer a complex geometric
shape on the pipe (1), avoiding all the machinirapf@ms associated with a thread. A complex
geometric shape may be a shape that is both neetiliand/or non-rectilinear along the entire

length of the pipe.

According to one embodiment, the anchoring praoffie may comprise a shear surface (11)
and/or a securing extension (12). The anchorindiler¢7) may also comprise annular

undulations, or annular ribs.

Advantageously, the anchoring profile (7) makegmgsible to increase and ensure the adhesion

of the material of the additivated body to the rhse

Advantageously, an anchoring profile (7) comprisomg or more shear surfaces (11) allows
better interpenetration between the insert andrthterial realized by additive manufacturing
of the body.

Advantageously, an anchoring profile (7) comprisorge or more securing extensions (12)

allows better attachment of the material addeddujtare manufacturing.

The applicant has determined additional conditibmieng the insert and the part added by
additive manufacturing in order to ensure the intg@f the pipe. A transition zone between a

material of the insert and that of the metal badgletermined according to the equation:
[Math 2]

0zz > 85%Ys
where:

ozz value of the stress generated

Ys value of the elastic limit of an insert



The transition zone between a metal insert (2) thedmetal body (4) is conditioned by a
minimum safety threshold of 85% Ys, Ys being thaesgt limit of the material of the insert and
o0zz corresponding to the stress generated. Theticangone is contained in the insert. It is
thus possible to make a transition between the lmsterial of the insert and an additivated
material, on reaching at least 85% Ys, withoutdh®zing a risk of adding additional stresses.
The transition zone is contained in the insert emdesponds to the minimum and radial wall

thickness of the insert measured radially.

Specifically, from 85% of Ys, materials can be fduor the additivated material with elastic
limits of up to 15% less compared with the matesfahe insert. Surprisingly, with a choice of
material for the additivated material having el@atits up to 15% less, there are fewer shear

stresses, better material integrity and better sidhe

For example, an insert having a strength of 125%$62 MPa) could allow an addition of
additivated material, that is to say the matenatpced by additive manufacturing, of 106 ksi
(862 MPa). Thus, a material can be chosen thatichress expensive while remaining within

acceptable limits.

Thus, the minimum and radial thickness of an insedietermined by the equation:

[Math 3]
min thickness = Rext — (K * Epg + Ri)
where:
Min thickness minimum value of the thickness of an insert
Rext value of the outside radius
Epg value of the thickness of a root of a thrieedh
Ri value of the inside radius
K value of the minimum thickness ratio

K corresponds to a minimum thickness ratio thatisessary to achieve the minimum transition
zone of 85% of the elastic limit Ys. The transitiaone is contained in the insert and
corresponds to the minimum wall thickness of tleerihmeasured radially. The inventors have
determined, following a number of simulations af tFEA type, that K could be between 0.25
and 0.70 and preferably 0.510.



During the simulation, several parameters were nakéo account, which are shown in
particular in figure 4b, namely the outside radRext, the inside radius Ri, the root thickness
of the thread Epg, the depth of the thread Th, kastly the main driver of the stress

concentration factor Tr.

The outside radius Rext is understood to be thenmmdius of the outer surface of the thread

surface (T) of the connection.
The inside radius Ri is understood to be the insidéus of the connection.

The root thickness of the thread Epg is understodzke the thickness between the thread root

and the inside radius.
The depth of the thread Th is understood to bé&dnght of a thread.

The main driver of the stress concentration fattas understood to be the radius that connects

the flank of a thread to the thread root.

The coefficient K is understood to be a minimunckhiess ratio of Epg necessary for achieving
the transition zone with 85% of the elastic lim#.¥X is a dimensionless real number contained
between two well-defined values 0.25 and 0.70. dp@icant has determined that K depends

on the parameters Ri, Rext, Tw, Tr, Th.

All of these parameters are applicable for figulesind 4c. Figure 4c illustrates the application

of the parameters to a connection with a pluralftshreads.

For example, the inventors carried out a test wittalue chosen from the lowest values of the
ranges and lines of products OCTG with:

[Math 4]
Rext =89 mm, Ri =79 mm, Epg = 8.5 mm, Th = 1.5,dim= 0.1 mm.

The following result was obtained:

[Math 5]

(min thickness — Ri

= 0.510
Epg )
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The minimum and radial thickness of an insert es¢fore determined by the equation:

[Math 6]
min thickness = Rext — (0,510 * Epg + Ri)

K therefore corresponding to 0.510 for this simolat

This equation therefore makes it possible to ddaterra minimum thickness of an insert while

complying with the previous equation«fz> 85% Ys.

The applicant has set out below a set of dimensants values of thicknesses of inserts
depending on the outside diameter (or “OD”, see 3ig on the outside radius Rext, on the
inside radius Ri, on the root thickness of thedldr&pg, on the depth of the thread Th and on
the thickness of the thread Tw. The value of theneating radius Tr (in mm), which is a stress
concentration factor, does not vary. A schematma®n of all of these parameters is shown
in fig. 4b.

Some of these dimensions are recorded in the follptable:

[Table 1]
oD . .
oD Tw Th Rext Ri Epg Insert Thickness
. (m .
(inches) m) (mm) | (mm) | (mm) | (mm) | (mm) minimum (mm)
45 1%%4 8 12 | 572 | 4915 6.8 4532
45 1%,)4 10 | 12 | 572 | 47159 88 5,512
7 127 9 14 | 889 | 799| 76 5.124
7 127 12 | 14 | 889 | 769 106 6.504
244
0625 | “¥'| o | 188 | 122 | 1132 7.424 5.21325
9.625 2‘:_)4 13 | 158 | 122 | 1092 11.425 7.17325
13.625 3‘;6 9 19 | 173 | 164| 71 5.379
346
13625 | > | 25 | 19 | 173 | 148| 231 13.219
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16 436 14 | 1.9 | 203 | 1802 121 7.829

16 436 30 | 1.9 | 203 | 1732 281 15.669
473

18625 | “P3| 15 | 19 | 237 | 2218 131 8.310

18.625 4713 37 | 1.9 | 237 | 1995 351 19,009

Consequently, a pipe according to the invention mayprise an insert having an outside
diameter (OD) of between 4 and 18.625 inches, @ragpmately between 100 mm and
480 mm.

A pipe according to the invention may therefore pase a male insert (2) comprising a
determined minimum and radial thickness of betwkeamm and 20 mm. The length of the male

insert (2) is between 50 mm and 300 mm.

Advantageously, the invention makes it possiblaamufacture a pipe by recovering old inserts
and producing the metal body (4), produced entibglyadditive manufacturing, around said
inserts. This also makes it possible to use thertign on recovered tube portions intended to

be restored, for example tube portions of whichethés are still functional.

Figure 2b shows a steel pipe (1) comprising a fermalert (3) and a metal body (4), said insert
(3) comprising at least a first thread axis (intkcbby the axis X), at least one sealing surface
(21) that may be toric or frustoconical, a threagad (5) and a non-threaded part (6) connected
to the metal body (4). The metal body (4) has lpgeduced entirely by additive manufacturing.
The insert (3) may advantageously comprise an aimghrofile (7) designed to adhere the

additivated material of the metal body (4).

According to one aspect of the invention, a noedlded part (6) comprises a radial surface
(6R), which may be perpendicular to the thread.aMigs surface may extend radially. A non-
threaded part (6) may likewise comprise an axidlase (6A) on the opposite side from the
threaded part (5). This surface (6A) may be pdrall¢he thread axis. This axial surface (6A)
may extend axially.

According to one embodiment, the non-threaded (@rtlenotes the surface on the opposite
side to the threaded part, parallel to the threasl d also denotes the radial surface of the

insert (perpendicular to the thread axis).
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According to one embodiment, the metal body (4)bdesen produced by deposition by wire arc
additive manufacturing. Advantageously, wire araifade manufacturing confers good
structural integrity and low distortion on the dddited material. It does not require complex

tooling and optimizes material losses, thereby havgethe production costs.

Advantageously, the material of the metal bodyrdy be different than that of the insert.
Therefore, where possible, a material can be chibseiis less expensive than that of the insert,
thereby reducing costs. It is also possible to skanaterials having different properties with

respect to the insert depending on the desired use.

Advantageously, the metal body (4) produced bytaddmanufacturing comprises a material
of the metal type chosen from alloy steels, hidbyabkteels, cupro-nickel alloys, titanium
alloys, ceramics, vitroceramics, or copper, stellierro 55.

Advantageously, the production and machining timeignificantly reduced, allowing much

more industrially conceivable production.

Advantageously, the metal body (4) is produced digitare manufacturing using a material
with a Young’'s modulus of between 110 GPa and 2BR&.®referably, the body is produced
with a material having a Young’s modulus of 16@1® GPa in order to approach that of the
male insert. This is because, under the same s@essaterial having a high modulus of

elasticity will undergo less deformation than aenial having a low modulus of elasticity.

Advantageously, the insert is a controlled pateinms of its tolerances and its machining. The
term tolerance means the difference between twit §imes considered to be in accordance
with the nominal dimensions fixed in advance onampThus, with an insert that is already
controlled, it is much easier to confer a desiredrgetric shape on the pipe (1), avoiding all

the machining problems associated with a thread.

According to one embodiment, the anchoring proffie may comprise a shear surface (11)

and/or a securing extension (12).

Advantageously, the anchoring profile (7) makegmgsible to increase and ensure the adhesion

of the material of the additivated body to the rhse

Advantageously, an anchoring profile (7) comprisomg or more shear surfaces (11) allows
better interpenetration between the insert andnthterial realized by manufacturing of the
body.
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Advantageously, an anchoring profile (7) comprisorge or more securing extensions (12)
allows better attachment of the additivated malteria

The female insert (3) also comprises a minimumraddl thickness linked to a transition zone
between the insert and the metal body. The devedopsrassociated with the male insert (2) in

figure 2a apply analogously to the female insext (3

Consequently, a pipe according to the invention mayprise an insert having an outside
diameter (OD) of between 4 and 18.625 inches, twden 100 mm and 480 mm.

A pipe according to the invention may therefore pase a female insert (3) comprising a
determined minimum and radial thickness of betwéenm and 20 mm. The length of the
female insert (3) is between 50 mm and 300 mm.

Advantageously, the invention makes it possibletoodel a pipe a very large number of times
by recovering the inserts and remaking the metalyb@) produced entirely by additive
manufacturing. This also makes it possible to bseitvention on recovered tube portions

intended to be restored, for example tube portadrvghich the ends are still functional.

Figure 3 schematically shows, in a perspective vaesteel pipe comprising a female insert (3)
and a metal body portion (4) produced entirely 8gitve manufacturing.

The female insert (3) comprises at least a firga axis (indicated by the axis X), at least one
sealing surface (21) that may be toric or frustoecaln(not shown), a threaded part (5) and a
non-threaded part (6) connected to the metal béflyThe metal body (4) has been produced
entirely by additive manufacturing. The insert 8y advantageously comprise an anchoring
profile (7) designed to adhere the additivated ngtef the metal body (4).

The female insert (3) comprises in particular atside diameter OD of between 4 and 18.625

inches, or between 100 mm and 480 mm.
Figure 3 is merely for illustrative purposes andas systematically true to scale.

Figure 4a shows a diagram of stress concentratianttaread root according to the invention
and on a tone scale. Figure 4b shows a schematican of a thread tooth according to the

invention a diagram of stress concentration.

It is apparent from figure 4a that the stress cotraons are much greater at the root of a
thread tooth (the darkest part of the diagram)hWitreasing distance from the thread root,

the stresses are lower in the insert. Convershkiy,value of the stress generated increases
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(lighter zones to darker zones) from the insideusdRi to the distance Inside radius +
Thickness of the root (Ri + Epg).

An additivated material needs, inter alia, to copfeperties of resistance to elastic deformation
that are similar to those of the material of theem. This is because a material having a high
modulus of elasticity will undergo less deformatiblan a material having a low modulus of

elasticity.

Advantageously, determining the minimum and rathaldkness of the insert according to the
equationmin thickness = Rext — (K * Epg + Ri) makes it possible to know the threshold
from which the transition between the materialha insert and that of the additivated material
occurs safely without generating additional stres$lat is to say from 85% of the elastic limit

Ys of the material of the insert.

The additional stresses may correspond to sheesssis, to stresses brought about by the
additivated material by direct action on the insertto equivalent Von Mises stresses, that is
to say a parameter that combines all of the stsemgplied and that can be compared directly
with the elastic limit.

where:
Min thickness minimum value of the thickness of an insert
Rext value of the outside radius
Epg value of the thickness of a root of a threaxdh
Ri value of the inside radius
K value of the minimum thickness ratio.

Figure 4b is merely for illustrative purposes asntot systematically true to scale.

Figure 5 shows, in a hybrid view in cross sectiod & perspective, a pipe according to a

variant of the invention comprising two non-coaxrederts.

A pipe according to this variant therefore comgisgo inserts which may be male (2) and/or

female (3).
Generally, a pipe insert (2, 3) comprises an iatespace (31, 32).

A metal body (4) produced entirely by additive mi@aturing connects the inserts (2, 3) and
comprises a body interior space (33) communicatiitg the interior spaces (31, 32) of the

inserts (2, 3).

15



In the case of figure 5, two female inserts (3)srewn.

Each of the male (2) or female (3) inserts may agepa minimum and radial thickness
associated with a transition zone between the tirsged the metal body. The developments
associated with the male insert (2) in figure 2d thre developments associated with the female
insert (3) in figure 2b apply analogously to eatlkad male (2) or female (3) inserts in figure
5.

A first insert (2, 3) comprises a first thread a&is A second insert (2, 3) likewise comprises

a second thread axis A2.
The first and second axes Al and A2 may be collinea

The first and second axes Al and A2 may be patallehe another and non-secant, having no

point in common.

The first and second axes Al and A2 may be nonliphta one another and secant, having a

point in common.

The first and second axes A1 and A2 may be nonlipbi@one another and non-secant, having

no point in common.

The three last configurations consequently alloeitiserts (2, 3) to be offset in space. The
pipe (1) thus comprises an interior space joinoggether the interior spaces of the inserts and

of the body and this pipe interior space is noridieear.

The thread axis of a first male (2) or female (®eirt is inclined with respect to the axis of a
second male (2) or female (3) inserts of one aadséme pipe (1). This angle of inclination is

between 0 and 75 degrees.

Also, a pipe (1) may allow male (2) or female (B8%arts with different dimensions. For
example, a different minimum and radial thicknesbatween 4 mm and 20 mm for each of
the inserts, or a different outside diameter Obeaifveen 4 and 18.625 inches, or approximately
between 100 mm and 480 mm, for each of the insEhis.pipe shown in figure 5 comprises a
first insert with an outside diameter larger thhe outside diameter of the second insert. The

first insert has a thickness greater than the tiask of the second insert.

Advantageously, the metal body (4) produced entiogl additive manufacturing allows ease
of geometric configuration. In this way, it is piids to obtain a pipe configured according to
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the geometric or geological difficulty encountemaring well operation or the transport of
hydrocarbons, geothermal energy or carbon capture.

Advantageously, a pipe according to the inventiasdm interior space designed for a hydraulic
flow which has reduced turbulence by virtue of stha@riations in section and can be obtained
more easily compared with the solutions of therait, in particular through the absence of an

out of balance on machining.

Figure 6 shows a hybrid view in cross section anplerspective of a pipe according to another

variant of the invention comprising three non-caaxiserts.

According to one aspect of this variant, a pipe poses three inserts which may be male and/or
female (62, 63, 64). A metal body (65) producedireiyt by additive manufacturing is
connected to each of these inserts (62, 63, 64hhitnway, the male and/or female inserts

therefore belong to the same pipe (1).

The inserts (62, 63, 64) comprise insert interpaces. The metal body (65) comprises a body
interior space communicating with the insert irdegpaces such that all of the interior spaces

are in communication.
In the case of figure 6, three female inserts hoave.

Each of the male or female inserts may compriseirammm thickness associated with a
transition zone between the insert and the mew@y bbhus, the developments associated with
the male insert (2) in figure 2a and the develogsiassociated with the female insert (3) in
figure 2b apply analogously to each of said norx@anale (2) or female (3) inserts in figure

6. For example, the dimensions of the insertsr(3igure 6 are not systematically the same.

A first insert (2, 3) comprises a first thread a&is. A second insert (2, 3) likewise comprises

a second thread axis A2. A third insert compristsrd thread axis A3.

The first, second and third axes Al, A2, A3 maynbe-parallel to one another and secant,

having at least one point in common.

The first, second and third axes Al, A2, A3 maybe-parallel to one another and non-secant,

having no point in common.

The first, second and third axes Al, A2 and A3 malyall be parallel to one another, but two
of the three axes may be collinear. The third &xiherefore not collinear with the two other

axes.
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Advantageously, the metal body (4) produced entiogl additive manufacturing allows ease
of geometric configuration. In this way, it is piids to obtain a pipe configured according to
the geometric or geological difficulty encountemaring well operation or the transport of

hydrocarbons, geothermal energy or carbon capture.

Advantageously, a pipe (1) according to this vdrgdrthe invention makes it possible to create
a customized a distribution network with, for exaemseveral outlet points and several inlet

points.

Advantageously, a pipe (1) according to this varadthe invention makes it possible to reduce
the number of pipes or tubes necessary during aratpn in the field of oil, gas, carbon capture

or geothermal energy.

Advantageously, a pipe according to the inventi@s lan interior space with smoothed
dimensional variations, facilitating hydraulic flawat can be obtained more easily compared
with the solutions of the prior art, in particukdarough the absence of an out of balance on
machining.

The applicant has found that this type of pipe doesexist on the market of oil-related

equipment, in particular because of being diffi¢calbbtain with existing means.

Advantageously, the invention makes it possiblaamufacture a pipe by recovering old inserts
and producing the metal body (4), produced entibglyadditive manufacturing, around said
inserts. This also makes it possible to use thentign on recovered tube portions intended to
be restored, for example tube portions of whichethés are still functional.

Analogously, the developments made in figures S5Gaaek applicable to pipes comprising more
than three male (2) or female (3) inserts.
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CLAIMS

1. A steel pipe (1) for drilling, operating hydrocarbavells, transporting oil and gas,
carbon capture or geothermal energy, comprisingastt one male (2) or female (3)
insert and a metal body (4), said insert (2, 3) masing at least a first thread axis, at
least one toric or frustoconical sealing surfack 2), a threaded part (5) and a non-
threaded part (6) connected to the metal bodycf@racterized in that the metal body
(4) has been produced entirely by additive manufagg, and in that the minimum and
radial thickness of an insert is determined accwydd the equation:

[Math 7]
min thickness = Rext — (K * Epg + Ri)

where:

Min thickness minimum value of the thickness of an insert in mm
Rext value of the outside radius

Epg value of the thickness of a root of a thrieedh

Ri value of the inside radius

K value of the minimum thickness ratio, betwee2bland 0.7.

2. The pipe (1) as claimed in claim 1, characterizethat the thickness ratio K is equal
to 0.510.

3. The pipe (1) as claimed in either one of the prewedlaims, characterized in that a
male (2) or female (3) insert comprises a deterchm&imum and radial thickness of
between 4 mm and 20 mm.

4. The pipe (1) as claimed in any one of the precediagns, characterized in that each
of the male (2) or female (3) inserts has an oatdidmeter (OD) of between 100 mm
and 480 mm.

5. The pipe (1) as claimed in any one of the precedlagns, characterized in that the
metal body (4) has been produced by depositioniby avc additive manufacturing.

6. The pipe (1) as claimed in any one of the precedlagns, characterized in that the
metal body (4) adheres around the male (2) or ferf®linsert to the non-threaded part
thereof.

7. The pipe (1) as claimed in any one of the precedlagns, characterized in that the
metal body (4) produced by additive manufacturingiprises a material of the metal
type chosen from alloy steels, high-alloy steelgro-nickel alloys, titanium alloys,

ceramics, vitroceramics, or copper, stellite, fé&bo
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8. The pipe (1) as claimed in any one of the precedlagns, characterized in that the
metal body (4) produced by additive manufacturimmmprises a material with a
Young's modulus of between 110 GPa and 210 GP&rnatdy between 160 GPa and
210 GPa.

9. The pipe (1) as claimed in one of the precedingndacharacterized in that an insert
(2, 3) comprises an anchoring profile (7) desigiweddhere the additivated material of
the metal body (4).

10.The pipe (1) as claimed in claim 9, characterizedhiat the anchoring profile (7)
comprises one or more shear surfaces (11) andleasttone securing extension (12).

11.The pipe (1) as claimed in any one of the precediagns, characterized in that it
comprises at least two male (2) and/or femalen(&grits.

12.The pipe (1) as claimed in claim 11, characteriretthat each of said male (2) and/or
female (3) inserts respectively has a first ané@sd thread axis A1 and A2, and in
that said first and second axes Al and A2 are iimear.

13.The pipe (1) as claimed in either of claims 11 &Bdcharacterized in that the thread
axis of a first male (2) or female (3) insert hasaagle of inclination of between 0 and
75 degrees with respect to the axis of a second (Balor female (3) insert of one and
the same pipe (1).

14.The pipe (1) as claimed in any one of the precediagns, characterized in that it
comprises at least three male or female inserts §8264), the inserts (62, 63, 64)
respectively comprising at least a first threadsagisecond thread axis, a third thread
axis, the inserts being connected by a body (4)dywed entirely by additive
manufacturing, said first, second and third axesaufh of the male or female inserts
(62, 63, 64) being non-collinear.

15. A method for obtaining a pipe (1) as claimed in ang of claims 1 to 14, comprising:
- astep of holding one or more male (2) or femajen&erts in a determined position;
- a step of producing the metal body (4) by wire additive manufacturing

comprising a deposition of material from a non-#itked portion of the insert (2, 3);
- a step of heat treatment to modify the mechanibafacteristics of the body and
relieve the mechanical stresses brought aboutdgdiditive manufacturing;
- a step of machining in the metal body (4).
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