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THREADED JOINT WITH A SEALING SEAT PRODUCED BY ADDI TIVE 

MANUFACTURE 

 

The invention relates to tubular threaded component s 

made of steel and more particularly a tubular threa ded 

joint comprising a sealing surface carried out by a dditive 

manufacturing, for drilling, operating hydrocarbon wells 

or transporting oil and gas. 5 

"Component" here means any element or accessory use d 

for drilling or operating a well and comprising at least 

one connection or connector or threaded end, and in tended 

for being assembled via a threading to another comp onent 

to constitute with this another component a tubular  10 

threaded joint. The component can be for example a tubular 

element of relatively long length (in particular of  about 

ten metres in length), for example a tube, or a tub ular 

sleeve of a few tens of centimetres in length, or a n 

accessory of these tubular elements (suspension dev ice or 15 

"hanger", section change part or "cross-over", safe ty 

valve, connector for drilling rod or "tool joint", "sub", 

and similar). 

Tubular joints are provided with threaded ends. The se 

threaded ends are complementary allowing two male t ubular 20 
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("Pin") and female ("Box") elements to be connected  

together. There is therefore a male threaded end an d a 

female threaded end. The threaded ends referred to as 

premium or semi-premium generally include at least one 

abutment surface. A first abutment can be formed by  two 5 

surfaces of two threaded ends, oriented in a substa ntially 

radial manner, configured so as to be put into cont act 

with one another at the end of the screwing of the threaded 

ends together or during compression stresses. The 

abutments generally have negative angles in relatio n to 10 

the main axis of the connections. Also known are 

intermediate abutments on joints including at least  two 

threading stages. 

Generally, for technical and machining reasons, the  

different portions of the same component, whether i t be 15 

the tubular element or threaded ends, are designed 

according to a single and same type of material (al loy or 

not). 

Premium connections include sealing surfaces, at 

least one on the pin, and at least one corresponden t on 20 

the box, intended for being put into interfering co ntact 

when pin and box connection are assembled with each  other, 

so as to form a seal to liquids and/or gases. The s ealing 

surfaces must maintain a seal that prevents the pas sing of 

liquids and/or gases when the connections are assem bled 25 

and during the use of tubes including these assembl ed 

connections in an oil well column, i.e. the sealing  

function has to be maintained within the widest spe ctrum 

of use possible, including when the connection is s ubjected 

to an internal pressure or to an external pressure,  to 30 

compression stresses or traction stresses, at ambie nt 
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temperature or at a high temperature, this spectrum  

corresponding to an operating range of the connecti on. 

The corresponding male and female sealing surfaces 

then have a radial interference that generates a co ntact 

pressure and the so-called "carrier" thread flanks located 5 

on the thread on the side opposite the free end of the 

threaded element are in contact under contact press ure, 

thus placing the lip under axial compression. 

The interfering sealing surfaces can cause jamming 

problems during screwing if their geometry is unsui table. 10 

They can also cause risks of leakage in service if the 

contact pressure and in particular the integrated c ontact 

pressure over the active width of the sealing surfa ces is 

insufficient. 

To prevent the risk of leakage it is necessary that  15 

the integrated contact pressure over the contact le ngth 

remains higher than a certain value expressed in N/ mm; 

this integrated contact pressure is according to a given 

geometry of the relative positioning of the element s at 

the end of screwing and stresses in service.  20 

The interference is the result of the difference in  

diameter between male (Dm) and female (Df) surface in the 

sealing pressure zone. As the difference Dm – Df is  

positive the male diameter is greater than the fema le 

diameter. Thus, at the interface 11 (see figures 1 and 2) 25 

contact pressures are generated. 

"Frustoconical" means the shape of a truncated cone , 

i.e. the basal portion of a solid cone or of a pyra mid 

formed by cutting the top by a plane parallel to th e base, 

and "toroidal" means the shape of a torus. 30 

In general, sealing surfaces are designed to work i n 

the elastic range of the material that they are for med 
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from so as to maintain the sealing quality under va rious 

successive stresses. 

However, to provide a good seal, sealing surfaces 

have to be assembled so as to create high contact p ressures. 

It can occur, in particular during assembly, when h igh 5 

performance is sought, that exceedingly high contac t 

pressures are reached, with risks of plasticising, or 

encore des risks of jamming. "Jamming" means cases where 

the material is pulled off: In case of jamming, the  sealing 

function is highly compromised. 10 

In general in the prior art, either to reduce the 

contact pressure peak the contact radius is increas ed, but 

this has for consequence that the contact moves 

substantially and becomes unstable. Or the interfer ence is 

reduced which has for effect to reduce the area und er the 15 

contact pressure curve according to the distance to  the 

axis of symmetry (Fig. 4) and therefore sealing per formance. 

That is why there is a need to improve sealing 

surfaces so as to decrease the risks of jamming, di stribute 

the contact pressures, or resist high transient con tact 20 

pressures during the assembly of two connections. I ndeed, 

a decrease in the hardness of the material implies a 

distribution of the contact pressures, which makes it 

possible to prevent during a screwing reaching the elastic 

limit of the material, and consequently to also pre vent a 25 

plastic deformation of the material. 

The sealing surfaces in a connection are therefore 

the result of many design compromises. Generally, t he 

paradigm of these compromises is based on the follo wing 

aspects: a high material thickness in order to be a ble to 30 

resist the pressure, but a high thickness generates  risks 

of jamming due to an excessively high contact press ure. 
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In the prior art, the solution of enlarging the 

contact surface is known, via US3870351, with seali ng 

surface geometries of the toroid type. This solutio n makes 

it possible to improve the repeatability of the 

distribution of contact forces between sealing surf aces 5 

during the assembly of two connections. However, th is 

geometry has limitations in the compromise mentione d 

hereinabove. 

The solution proposed by document US2005248153 is 

known in the prior art concerning sealing surfaces arranged 10 

on extended lips so as to give flexibility in movem ent to 

the sealing surface during assembly. This document 

indicates the uniform use of the same type of mater ial for 

the entire tube, for example meeting the API standa rds of 

type P110. 15 

The solution proposed by U.S. Patent 2010/0301603 A 1 

is known in the prior art concerning an invention i n the 

field of superior tubular threaded joints used to c onnect 

tubes made of steel, such as drilling tubes, for ex ample 

interior or exterior. It is disclosed in particular  that 20 

the sealing to fluids (liquids or gases) under high  

pressure results in a mutual radial tightening of t he 

sealing surfaces. The intensity of the radial tight ening 

is according to the relative axial positioning of t he male 

and female threaded elements and is therefore defin ed by 25 

the abutment of these elements by screwing abutment s. This 

document has for purpose to improve the seal of the  tubular 

threaded joint, and in particular of the tubular th readed 

joint in the ready-to-use structure thereof. 

The present document has for purpose to resolve the  30 

problems of the aforementioned prior art, by carryi ng out 

a portion added by additive manufacturing. 
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The invention consists of a tubular threaded joint 

for drilling, operating hydrocarbon wells or transp orting 

oil and gas comprising a male tubular threaded elem ent and 

a female tubular threaded element, the female tubul ar 

threaded element comprising a female internal threa ded 5 

portion and a female non-threaded portion, the male  tubular 

threaded element comprising a male external threade d 

portion and a male non-threaded portion, characteri sed in 

that at least one of the male or female tubular ele ments 

comprises a body and a portion added by additive 10 

manufacturing that comprises at least one first sea ling 

surface. 

According to an embodiment, the tubular threaded 

joint is characterised in that the added portion is  carried 

out by additive manufacturing by cladding, by elect ron 15 

beam melting, by metallic powder bed laser melting or 

"selective laser melting", by selective laser sinte ring, 

by direct metal deposition or "Direct Energy Deposi tion", 

by Binder Spray Deposition or Laser Projection Depo sition, 

by deposition by wire arc additive manufacturing. 20 

According to an embodiment, the tubular threaded 

joint comprising a second sealing surface on the ot her of 

the male or female elements corresponding to the fi rst 

sealing surface is characterised in that one or the  other 

of the first or second sealing surface is frustocon ical 25 

and the other toroid. 

According to an embodiment the tubular threaded joi nt 

is characterised in that the added portion has a ha rdness 

less than the hardness of the body over at least 0. 6 mm in 

depth. 30 
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According to an embodiment, the tubular threaded 

joint is characterised in that the added part has a  length 

L greater than or equal to a minimum length Lmin su ch that: 

���� = 12.8		x	�160	x	�	x	����	x	R	x�1 − ����	x	Ds� + 2 

Where: 5 

e value of the thickness of a lip supporting the 

toroidal sealing surface; 

intf value of the interference; 

R value of the radius of curvature of the toroidal 

sealing surface; 10 

v value of Poisson's ratio of the material of the 

toroidal sealing surface; 

Ds value of the sealing diameter. 

According to an embodiment the tubular threaded joi nt 

is characterised in that the added portion has a le ngth L 15 

less than or equal to a maximum length Lmax such th at: 

Lmax = 1.5 x Lmin 

According to an embodiment the tubular threaded joi nt 

is characterised in that the added portion has a le ngth L 

greater than or equal to 4 mm. 20 

According to an embodiment the tubular threaded joi nt 

is characterised in that the added portion has a th ickness 

Ep greater than or equal to a minimum thickness Epm in such 

that: 

�����	 = 5.031		x	�160	x	�	x	����	x	R	x�1 − ����	x	Ds�  25 

Where: 

e value of the thickness of a lip supporting the 

toroidal sealing surface; 
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intf value of the interference; 

R value of the radius of curvature of the toroidal 

sealing surface; 

v value of Poisson's ratio of the material of the 

toroidal sealing surface; 5 

Ds value of the sealing diameter. 

According to an embodiment, the tubular threaded 

joint is characterised in that the added portion ha s a 

thickness Ep less than or equal to a maximum thickn ess 

Epmax such that: 10 

Epmax = 1.5 x Ep min 

According to an embodiment, the tubular threaded 

joint is characterised in that the added portion ha s a 

thickness Ep greater than or equal to 0.6 mm. 

According to an embodiment, the tubular threaded 15 

joint is characterised in that the added portion ha s a 

friction coefficient greater than the friction coef ficient 

of the body. 

According to an embodiment, the tubular threaded 

joint is characterised in that the added portion co mprises 20 

a metal chosen from alloy steels, high-alloy steels , cupro-

nickel alloy, alloy of titanium, copper, cupronicke l, 

vitroceramic. 

According to an embodiment, the tubular threaded 

joint is characterised in that the added portion co mprises 25 

a material with a Young's modulus between 110 GPa a nd 210 

GPa, preferably between 110 GPa and 160 GPa. 

The invention also comprises a method for carrying 

out the added portion by additive manufacturing acc ording 

to the following description: 30 

A method for obtaining a tubular threaded joint in 

that the added portion is carried out by a method c hosen 
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from the methods of cladding, the methods of electr on beam 

melting, the methods of metallic powder bed laser m elting 

or "selective laser melting", the methods of select ive 

laser sintering, the methods of direct metal deposi tion or 

"Direct Energy Deposition", the methods of Binder S pray 5 

Deposition or Laser Projection Deposition, the meth ods of 

deposition by wire arc additive manufacturing. 

For example tests were conducted with materials of 

the type, titanium alloys, Fero 55 and stellite wit h a 

direct metal deposition method or by deposition by wire 10 

arc additive manufacturing. 

Alternatively the added portion can be carried out 

with materials of the ceramic and vitroceramic type  by 

metallic powder bed laser melting method or "select ive 

laser melting". 15 

Alternatively the added portion can be carried out 

with materials of the cupro-nickel alloy or micro-a lloy 

steel type by using for example a "wire arc" additi ve 

manufacturing technique. 

Alternatively a portion (9) added by additive 20 

manufacturing can be carried out both on the male t ubular 

element (2) and on the female tubular element (3). 

Other characteristics and advantages of the inventi on 

shall appear when examining the description that is  

detailed hereinafter, and the accompanying drawings . 25 

[Fig. 1] diagrammatically describes, in a 

longitudinal cross-section view according to an axi s X of 

the tube, a tubular threaded joint according to a f irst 

embodiment wherein the added portion of the male tu bular 

element is carried out by additive manufacturing. 30 

[Fig. 2] diagrammatically describes, in a 

longitudinal cross-section view according to an axi s X of 
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the tube, a tubular threaded joint according to a v ariation 

of the first embodiment wherein the added portion o f the 

female tubular element is carried out by additive 

manufacturing. 

[Fig. 3] describes the contact pressure curve of a 5 

connection according to the prior art in comparison  with 

the pressure curve corresponding to a sealing surfa ce 

according to the invention. 

[Fig. 4] describes a graph showing the contact 

pressure curve according to the distance to the axi s of 10 

symmetry according to the prior art. 

[Fig. 5] describes a graph showing the contact 

pressure curve according to the distance to the axi s of 

symmetry according to an alternative of the inventi on. 

[Fig. 6] describes a graph showing the distribution  15 

of the stresses according to the depth according to  the 

prior art. 

[Fig. 7] describes a graph showing the distribution  

of the stresses according to the depth according to  a 

connection comprising an added portion carried out by 20 

additive manufacturing. 

The accompanying drawings can be used not only to 

supplement the invention, but also contribute to th e 

definition thereof, where applicable. They are not 

limiting as to the scope of the invention. 25 

Figure 1 describes a tubular threaded joint (1) wit h 

an added portion (9) on a male tubular element (2).  This 

added portion (9) is carried out by additive manufa cturing 

and comprises a male sealing surface (10) establish ing a 

metal-metal seal (15). This metal-metal seal (15) p rovides 30 

a seal at the mounted state of the joint and during  the 

use of the joint in a wide spectrum of stresses exe rted on 
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the joint, such as an internal pressure, external p ressure, 

compression forces, traction forces. 

The tubular threaded joint (1) is shown according t o 

an axial or longitudinal view. 

According to an alternative of the invention, the 5 

added portion (9) is carried out by additive manufa cturing 

in such a way that the hardness is less than that o f the 

non-added portion, i.e. the male or female body (4)  over 

at least 0.6 mm in depth. 

According to another alternative of the invention, 10 

the added portion (9) is carried out by additive 

manufacturing in such a way that the friction coeff icient 

is greater than that of the male or female body (4) . 

The invention also makes it possible to significant ly 

increase the friction coefficient between the porti on 15 

added by additive manufacturing and the material of  the 

body of the corresponding tubular element, in compa rison 

with the friction coefficient of the bodies of the male 

and female tubular element between them. 

An increase in the friction coefficient is 20 

accompanied by an increase in the value of the scre wing 

torque applicable during a connection of two thread ed 

tubular elements. 

The hardness depends in particular on the type of 

material used, but the materials can be selected in  such 25 

a way that the hardness is less in the added portio n (9) 

in relation to the male or female body (4). 

According to an aspect of the invention, the added 

portion (9) comprises a metal chosen from alloy ste els, 

high-alloy steels, cupro-nickel alloys, alloys of t itanium, 30 

ceramic, vitroceramic, or copper, cupronickel, stel lite, 

ferro 55. 
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Advantageously additive manufacturing makes it 

possible to obtain a tubular element in the form of  a bi-

component, (even more components) with for example on one 

side a type of component or material for the body a nd on 

the other side one or more other different componen ts for 5 

the added portion. Contrary to the tubular elements  of the 

prior art which are designed according to a mono-co mponent 

over the entire element. 

Advantageously the invention makes it possible to 

decrease expensive machining operations. 10 

Advantageously the invention makes it possible to 

increase and to improve the geometrical complexity of the 

element obtained through a layer-by-layer construct ion 

mode. 

Advantageously several different portions, for 15 

example with a different dimension, complexity, a 

different material or materials, can be constructed  

together and at the same time, or then added during  the 

construction. 

Advantageously several functionalities can be added  20 

with respect to a high level of customisation. 

According to an aspect of the invention, the length  

L is greater than or equal to a minimum length Lmin  of the 

added portion (9) by additive manufacturing and com prising 

the sealing surface. The length L extends according  to the 25 

X axis of the tube. This equation can be applied to  a 

toroidal sealing surface or of the torque cone type , i.e. 

having a radius of curvature R and the cone being e ither 

on the male tubular element (2) or on the female tu bular 

element (3). Respectively, the torus being either o n the 30 

female tubular element (3) or on the male tubular e lement 

(2). 
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This minimum length depends moreover on the sealing  

diameter Ds, on the interference intf, on the thick ness of 

the lip supporting the sealing surface e, the radiu s of 

the toroidal portion R as well as on Poisson's rati o of 

the material v. The multiplying coefficient 12.8 is  applied. 5 

This coefficient takes account of the relative move ment 

between the male element during stresses of the 

traction/compression type. Indeed, by way of exampl e, 

under tension, the female non-threaded portion (6) i.e. 

the length of the female tubular element between th e 10 

threading and the abutment, is extended and therefo re the 

contact will be shifted. Thus the coefficient of 12 .8 takes 

these variations into account so that it can be ens ured 

that when a traction/compression is applied or any other 

form of pressure, the sealing surface of the portio n 15 

carried out by additive manufacturing indeed remain s in 

contact on the corresponding surface. An addition o f +2 is 

made as a margin of safety. 

Lmin is such that: 

���� = 12.8		x	�160	x	�	x	����	x	R	x�1 − ����	x	Ds� + 2 20 

Where: 

e value of the thickness of a lip supporting the 

toroidal sealing surface; 

intf value of the interference; 

R value of the radius of curvature of the toroidal 25 

sealing surface; 

v value of Poisson's ratio of the material of the 

toroidal sealing surface; 

Ds value of the sealing diameter. 

 30 
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According to an alternative of the invention the ad ded 

portion (9) has a length L greater than or equal to  4mm. 

According to another aspect, the portion (9) added by 

additive manufacturing and comprising the sealing s urface 

has a thickness Ep greater than or equal to a minim um 5 

thickness Epmin. This equation can be applied to a toroidal 

sealing surface or of the torque cone type, i.e. ha ving a 

radius of curvature R. 

This minimum thickness (or height) Epmin depends on  

the sealing diameter Ds, on the interference intf, on the 10 

thickness of the lip supporting the sealing surface  e, the 

radius of the toroidal portion R as well as on Pois son's 

ratio of the material v. The multiplying coefficien t 5.031 

is applied. This coefficient corresponds to the hal f-

length of the contact that multiplied by 0.7861 mak es it 15 

possible to calculate the depth for which the shear  stress 

is maximal i.e. (12.8/2) x 0.7861 ≈ 5.031. "0.7861" 

corresponds to the coefficient of the Hertz theory in the 

framework of a lineic contact. 

Epmin is such that: 20 

�����	 = 5.031		x	�160	x	�	x	����	x	R	x�1 − ����	x	Ds�  

Where: 

e value of the thickness of a lip supporting the 

toroidal sealing surface; 

intf value of the interference; 25 

R value of the radius of curvature of the toroidal 

sealing surface; 

v value of Poisson's ratio of the material of the 

toroidal sealing surface; 

Ds value of the sealing diameter. 30 
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According to an alternative of the invention the ad ded 

portion (9) has a thickness Ep greater than or equa l to 

0.6 mm. 

It has been observed that the maximum length Lmax 5 

could be set to 1.5 times the minimum length, which  makes 

it possible to ensure the operation of the portion added 

by additive manufacturing without having to carry o ut an 

excessively large portion as additive manufacturing , and 

to thus avoid unnecessary additional costs. 10 

In the same way, the maximum thickness Epmax of the  

portion added by additive manufacturing can be set to 1.5 

times the minimum thickness of the portion added by  

additive manufacturing. 

The figure and the sizing for the added portion (9)  15 

of the tubular threaded joint (1) were selected in terms 

of a diagrammatical representation. 

Figure 2 describes, according to another variation of 

the invention, a tubular threaded joint (1) with an  added 

part (9) on a female tubular element (3). This adde d 20 

portion (9) is carried out by additive manufacturin g and 

comprises a female sealing surface (11) establishin g a 

metal-metal seal (15). According to an alternative of the 

invention, the added portion (9) is carried out by additive 

manufacturing in such a way that the hardness is le ss than 25 

that of the non-added portion, i.e. the male or fem ale 

body (4) over at least 0.6 mm in depth. 

According to another alternative of the invention, 

the added portion (9) is carried out by additive 

manufacturing in such a way that the friction coeff icient 30 

is greater than that of the male or female body (4) . 
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According to an aspect of the invention, the length  

L is greater than or equal to a minimum length Lmin  of the 

added portion (9) by additive manufacturing and com prising 

the sealing surface. This equation can be applied t o a 

toroidal sealing surface or of the torque cone type , i.e. 5 

having a radius of curvature R and the cone being e ither 

on the male tubular element (2) or on the female tu bular 

element (3). Respectively, the torus being either o n the 

female tubular element (3) or on the male tubular e lement 

(2). 10 

This minimum length depends moreover on the sealing  

diameter Ds, on the interference intf, on the thick ness of 

the lip supporting the sealing surface e, the radiu s of 

the toroidal portion R as well as on Poisson's rati o of 

the material v. The multiplying coefficient 12.8 is  applied. 15 

This coefficient takes account of the relative move ment 

between the male element during stresses of the 

traction/compression type. Indeed, by way of exampl e, 

under tension, the female non-threaded portion (6) i.e. 

the length of the female tubular element between th e 20 

threading and the abutment, is extended and therefo re the 

contact will be shifted. Thus the coefficient of 12 .8 takes 

these variations into account so that it can be ens ured 

that when a traction/compression is applied or any other 

form of pressure, the sealing surface of the portio n 25 

carried out by additive manufacturing indeed remain s in 

contact on the corresponding surface. An addition o f +2 is 

made as a margin of safety. 

Lmin is such that: 

���� = 12.8		x	�160	x	�	x	����	x	R	x�1 − ����	x	Ds� + 2 30 
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Where: 

e value of the thickness of a lip supporting the 

toroidal sealing surface; 

intf value of the interference; 

R value of the radius of curvature of the toroidal 5 

sealing surface; 

v value of Poisson's ratio of the material of the 

toroidal sealing surface; 

Ds value of the sealing diameter. 

 10 

According to an alternative of the invention the ad ded 

portion (9) has a length L greater than or equal to  4mm. 

According to another aspect, the portion (9) added by 

additive manufacturing and comprising the sealing s urface 

has a thickness Ep greater than or equal to a minim um 15 

thickness Epmin. This equation can be applied to a toroidal 

sealing surface or of the torque cone type, i.e. ha ving a 

radius of curvature R. 

This minimum thickness (or height) Epmin depends on  

the sealing diameter Ds, on the interference intf, on the 20 

thickness of the lip supporting the sealing surface  e, the 

radius of the toroidal portion R as well as on Pois son's 

ratio of the material v. The multiplying coefficien t 5.031 

is applied. This coefficient corresponds to the hal f-

length of the contact that multiplied by 0.7861 mak es it 25 

possible to calculate the depth for which the shear  stress 

is maximal i.e. (12.8/2) x 0.7861 ≈ 5.031. "0.7861" 

corresponds to the coefficient of the Hertz theory in the 

framework of a lineic contact. 

Epmin is such that: 30 

�����	 = 5.031		x	�160	x	�	x	����	x	R	x�1 − ����	x	Ds�  
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Where: 

e value of the thickness of a lip supporting the 

toroidal sealing surface; 

intf value of the interference; 

R value of the radius of curvature of the toroidal 5 

sealing surface; 

v value of Poisson's ratio of the material of the 

toroidal sealing surface; 

Ds value of the sealing diameter. 

 10 

According to an alternative of the invention the ad ded 

portion (9) has a thickness Ep greater than or equa l to 

0.6 mm. 

It has been observed that the maximum length Lmax 

could be set to 1.5 times the minimum length, which  makes 15 

it possible to ensure the operation of the portion added 

by additive manufacturing without having to carry o ut an 

excessively large portion as additive manufacturing , and 

to thus avoid unnecessary additional costs. 

In the same way, the maximum thickness Epmax of the  20 

portion added by additive manufacturing can be set to 1.5 

times the minimum thickness of the portion added by  

additive manufacturing. 

The figure and the sizing for the added portion (9)  

of the tubular threaded joint (1) was selected in t erms of 25 

a diagrammatical representation. 

Figure 3 shows a contact pressure curve of a 

connection according to the prior art and another c urve 

corresponding to a sealing surface according to the  

invention. The X-axis corresponds to the longitudin al 30 

position along a sealing surface. The Y-axis corres ponds 

to the contact pressure. 
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The curve 21 corresponds to a representation of the  

contact pressure according to the longitudinal posi tion 

along a sealing surface of a connection according t o the 

prior art. The curve 22 corresponds to a representa tion of 

the contact pressure according to the longitudinal 5 

position along a sealing surface of a connection ac cording 

to the invention, i.e. a connection comprising a po rtion 

carried out by additive manufacturing, this portion  

comprising the sealing surface, and the material be ing of 

a hardness that is not as high as the base material  of the 10 

connection. 

The curve 21 showing the distribution of the contac t 

pressure is generally a parabola, having a peak. Th is peak 

exceeds the threshold Pg corresponding to a pressur e 

starting from which the risk of jamming is high. 15 

The curve 22 shows that the contact pressure of a 

connection according to the invention is distribute d over 

a larger width, and decreases the level of the cont act 

pressure distribution peak, in such a way that the 

threshold Pg is not reached. Note also that the sur face of 20 

the curve 22 is more substantial than the surface o f the 

curve 21. That is to say the contact force between the 

sealing surfaces is greater on a connection accordi ng to 

the invention than on a connection of the prior art . With 

a connection according to the invention, it is ther efore 25 

possible to increase the contact pressure between s ealing 

surfaces while decreasing the risk of jamming of th e 

sealing surfaces. 

Figure 4 shows the contact pressure according to th e 

distance to the axis of symmetry according to the p rior 30 

art between two sealing surfaces. The connection is  

entirely carried out with steel with an elasticity modulus 
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E1 of a value of 210,000 Mpa. The sealing surface i s 

subjected to a contact force of 70,000 N and the ra dius of 

curvature of the toroidal sealing surface is 100mm.  There 

is no portion added by additive manufacturing accor ding to 

the invention. 5 

Figure 5 shows the contact pressure according to th e 

distance to the axis of symmetry according to the i nvention 

between two sealing surfaces. The connection is car ried 

out on one side with the body (4) made of steel wit h an 

elasticity modulus E1 of a value of 210,000 Mpa and  on the 10 

other side with the added portion (9) comprising a toroidal 

sealing surface, carried out with a steel with an 

elasticity modulus E2 = 140,000 Mpa. The sealing su rface 

is subjected to a contact force of 70,000 N and the  radius 

of curvature of the toroidal sealing surface is 100 mm. 15 

By comparing figure 4 and 5, only the presence of a  

portion (9) added by additive manufacturing of a di fferent 

material and of a lesser Young's modulus and compri sing 

the toroidal sealing surface distinguishes the two 

connections. 20 

The comparison thus clearly shows that adding an ad ded 

portion (9) according to the invention presented wi th 

respect to the prior art, a decreased contact press ure 

peak passing from about 710 Mpa in figure 4 to 640 Mpa in 

figure 5. On another side, the distance to the axis  of 25 

symmetry increases by passing from 1.25 mm to 1.45 mm. 

Thus it is observed that the contact pressure width  is 

increased, passing from 2.5 mm to 2.9 mm while the value 

of the contact pressure peak passes at the same tim e from 

about 710 Mpa to 640 Mpa. Moreover by taking into 30 

consideration the parameters of figure 4 there is a  half-

surface area of 596 which is an area under the curv e equal 
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to 1192. Taking into consideration the parameters o f figure 

5, there is a half-surface area of 618 which is an area 

under the curve of 1236. An increase in the area un der the 

curve results in an increase in sealing performance . 

The invention therefore makes it possible with 5 

respect to the prior art not only to decrease the c ontact 

pressure peak, to increase the distribution of the contact 

pressure while increasing the area under the curve,  i.e. 

while increasing the sealing performance. 

Figure 6 shows the distribution of the stresses 10 

according to the depth according to the prior art. The 

various stresses are represented according to the c urves 

σy(z), σx(z), σz(z) and τxz(z). It is observed that as z 

increases, i.e. the further away from the surface a nd the 

further the depth is, the more the stresses decreas e. 15 

Figure 7 shows the distribution of the stresses 

according to the depth according to a connection co mprising 

an added portion (9) carried out by additive manufa cturing. 

The various stresses are represented according to t he 

curves σy(z), σx(z), σz(z) and τxz(z). It is observed that 20 

as z increases, i.e. the further away from the surf ace and 

the further the depth is, the more the stresses dec rease. 

By comparing the result of figures 6 and 7, the 

stresses according to the invention are clearly mor e 

reduced with respect to the stresses according to t he prior 25 

art whether at the surface (z = 0), or in depth (z= 4 for 

example). 

This shows that with a connection according to the 

invention, it is possible to increase the interfere nce 

without increasing the risks of jamming. 30 
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CLAIMS 

 

 

1. Tubular threaded joint (1) for drilling, operati ng 

hydrocarbon wells or transporting oil and gas compr ising 

a male tubular threaded element (2) and a female tu bular 

threaded element (3), the female tubular threaded e lement 5 

(3) comprising a female internal threaded portion ( 5) and 

a female non-threaded portion (6), the male tubular  

threaded element comprising a male external threade d 

portion (7) and a male non-threaded portion (8), 

characterised in that at least one of the male (2) or 10 

female (3) tubular elements comprises a body (4) an d a 

portion (9) added by additive manufacturing that co mprises 

at least one first sealing surface. 

 

2. Tubular threaded joint (1) according to claim 1 15 

characterised in that the added portion (9) is carr ied out 

by additive manufacturing by cladding, by electron beam 

melting, by metallic powder bed laser melting or "s elective 

laser melting", by selective laser sintering, by di rect 

metal deposition or "Direct Energy Deposition", by Binder 20 

Spray Deposition or Laser Projection Deposition, by  

deposition by wire arc additive manufacturing. 

 

3. Tubular threaded joint (1) according to one of t he 

preceding claims comprising a second sealing surfac e on 25 

the other of the male (2) or female (3) elements 

corresponding to the first sealing surface characte rised 

in that one or the other of the first or second sea ling 

surface is frustoconical and the other sealing surf ace is 

toroid. 30 
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4. Tubular threaded joint (1) according to one of t he 

preceding claims characterised in that the added po rtion 

has a hardness less than the hardness of the body ( 4) over 

at least 0.6 mm in depth. 5 

 

5. Tubular threaded joint (1) according to the prec eding 

claims characterised in that the added portion (9) has a 

length L greater than or equal to a minimum length Lmin 

such that: 10 

���� = 12.8		x	�160	x	�	x	����	x	R	x�1 − ����	x	Ds� + 2 

Where: 

e value of the thickness of a lip supporting the 

toroidal sealing surface; 

intf value of the interference; 15 

R value of the radius of curvature of the toroidal 

sealing surface; 

v value of Poisson's ratio of the material of the 

toroidal sealing surface; 

Ds value of the sealing diameter. 20 

 

6. Tubular threaded joint (1) according to claim 5 

characterised in that the added portion (9) has a l ength 

L less than or equal to a maximum length Lmax such that: 

Lmax = 1.5 x Lmin 25 

 

7. Tubular threaded joint (1) according to one of t he 

preceding claims characterised in that the added po rtion 

(9) has a length L greater than or equal to 4 mm. 

 30 
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8. Tubular threaded joint (1) according to claim 3 

characterised in that the added portion (9) has a t hickness 

Ep greater than or equal to a minimum thickness Epm in such 

that: 

�����	 = 5.031		x	�160	x	�	x	����	x	R	x�1 − ����	x	Ds�  5 

Where: 

e value of the thickness of a lip supporting the 

toroidal sealing surface; 

intf value of the interference; 

R value of the radius of curvature of the toroidal 10 

sealing surface; 

v value of Poisson's ratio of the material of the 

toroidal sealing surface; 

Ds value of the sealing diameter. 

 15 

9. Tubular threaded joint (1) according to claim 8 

characterised in that the added portion (9) has a t hickness 

Ep less than or equal to a maximum thickness Epmax such 

that: 

Epmax = 1.5 x Ep min 20 

 

10. Tubular threaded joint (1) according to one of the 

preceding claims characterised in that the added po rtion 

(9) has a thickness Ep greater than or equal to 0.6  mm. 

 25 

11. Tubular threaded joint (1) according to one of the 

preceding claims characterised in that the added po rtion 

(9) has a friction coefficient greater than the fri ction 

coefficient of the body (4). 

 30 
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12. Tubular threaded joint (1) according to one of the 

preceding claims characterised in that the added po rtion 

(9) comprises a metal chosen from alloy steels, hig h-alloy 

steels, cupro-nickel alloys, alloys of titanium, ce ramic, 

vitroceramic, or copper, cupronickel, stellite, fer ro 55. 5 

 

13. Tubular threaded joint (1) according to one of the 

preceding claims characterised in that the added po rtion 

(9) comprises a material with a Young's modulus bet ween 

110 GPa and 210 GPa, preferably between 110 GPa and  160 10 

GPa. 

 

14. A method for obtaining a tubular threaded joint  

characterised in that the added portion (9) is carr ied out 

by a method chosen from the methods of cladding, th e 15 

methods of electron beam melting, the methods of me tallic 

powder bed laser melting or "selective laser meltin g", the 

methods of selective laser sintering, the methods o f direct 

metal deposition or "Direct Energy Deposition", the  

methods of Binder Spray Deposition or Laser Project ion 20 

Deposition, the methods of deposition by wire arc a dditive 

manufacturing. 

  


