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DESCRIPTION
TITLE: INTEGRATED SENSOR CONNECTION

The invention relates to tubular threaded composearid more
particularly to steel tubular connections for a tldr threaded joint
for drilling, operating hydrocarbon wells or foramsporting oil and
gas or for geothermal wells, or else for £&torage wells.

The term “component” means here any element or sscey
used to drill or operate a well and comprising aas$t one connection
or connector or else a threaded end, and intendeldetassembled by a
threading to another component in order to consétwith this other
component a tubular threaded joint. The componemn cbe for
example a tubular element of relatively great ldngin particular
about ten metres in length), for example a tube,etse a tubular
sleeve of a few tens of centimetres in length, tgeean accessory of
these tubular elements (suspension device or "hdngeection
changing part or "cross-over", safety valve, conmedor drill rod or
"tool joint", "sub"”, and the like).

The tubular components have threaded ends. Theseatled
ends are complementary allowing the coupling of twale (“Pin”)
and female (“Box”) tubular elements together, fongia joint. There
is therefore a male threaded end and a female theéaend. The
threaded ends called premium or semi-premium theeladends
generally include at least one abutment surfacefirdt abutment may
be formed by two free surfaces on the threaded esaidigured so as
to be in contact with one another after the thrah@eds are screwed
together or during compressive biases. Abutmentsiegally have
negative angles relative to the main axis of themections.

These joints are subjected to axial tensile or coasgive
biases, internal or external fluid pressures, begdbr else torsion,
possibly combined and of intensity which may fluata. Sealing must
be ensured despite the biases and the harsh comditof use on site.
The threaded joints must be able to be screwed amtrewed several
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times without degrading their performance, in pauliar by seizure.
After unscrewing, the tubular components can besezuunder other
operating conditions.

In particular, seizure is a phenomenon that canuocwhen
assembling connections. The occurrence of seizwae ke identified
during screwing, in particular thanks to abnormarnations in the
speed or the screwing torque applied during assgmiblit any seizure
is not necessarily detected by these parametersealdthe assembly
being able to appear as normal with the existing ane of
measurement. In addition, the location of a seizugannot be
determined with these parameters alone. Seizurereaanlt in localised
tearing of material. For example, a tearing of nrédk within the
threads, or else a tearing of material at the sgpBurfaces. It is then
understood that the main functions of the threadssealing surfaces
can be compromised. There is therefore a need flaiteonal solutions
to improve the reliability of detecting the occunice of seizure during
assembly.

Furthermore, another form of degradation of the duanal
elements of a connection can be unwanted plastifoces of material,
following biases undergone higher than the biaskss®e under normal
conditions, or following repetitions of biases, loding in standard
fields of use for the connection. Still further, tigue biases can
degrade the state of the functional elements of cmnection, by
causing fatigue cracks to appear in the material.

There is therefore a need for a solution allowirmgdetermine
the state conditions of the connections during theesisembly or during
their use.

The present invention allows the situation to beroved.

[Fig 1] shows, in partial sectional view, a conni@ct of the
prior art.

[Fig 2] shows a connection according to a first naairon of the
invention.
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[Fig 3] shows a graph of the distribution of theress
components as a function of the depth in line wahsealing surface
for a given connection.

[Fig 4] shows a schematic perspective view of aiadon of
the invention.

[Fig 5] shows a connection according to a secondiateon of
the invention.

[Fig 6] shows a connection according to a third iasion of the
invention.

[Fig 7] shows a connection according to a fourthriméion of
the invention.

[Fig 8] shows a connection according to a fifth neron of the
invention.

According to a first aspect, the invention is a malr female
tubular threaded connection (1) for a steel pipenpoising at least one
external (10) or internal (11) threading, an eng (12), a portion
produced by additive manufacturing (3) arrangedhtause at least one
sensor (4) at a predetermined distance from a fiometl surface (5, 6,
7) of said connection, the sensor (4) being arrahge measure a
physical quantity related to said functional suda(, 6, 7) and said
functional surface (5, 6, 7) being selected fronsealing surface, a
threading, an abutment, an internal diameter oreabternal diameter.
This allows to have at least one sensor in the emtion and to be
able to access measurements of the physical cooasti of the
connection.

According to one aspect, the at least one sensor ddn
comprise a transducer selected from a strain gawgsehear gauge, a
rosette-type strain gauge, a force sensor, a teamtpee gauge, a
pressure sensor, or a threshold detector. Thiswaldahe physical
conditions of stresses and temperatures within anection to be
accessed, which are quantities allowing access h® s$tates of the
connection, whether biased, in fatigue, in condagoof use.

According to another aspect, the connection can mose a
thermal protection plate (8) near said at least aensor (4) and
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located between the at least one sensor (4) andptréion added by
additive manufacturing (3). This allows the sensord its associated
electronics to be protected during the manufactafethe connection
and the addition of additive material, and also oal§ the
measurements of said sensors to be improved.

The sensor (4) can be at a distance D greater tdramqual to a
minimum depth Pmin such that:

160 xexintf x Rx(1 —v?)
7 X D?

Pmin = 5.031 X\/

According to a variant, the functional surface ca@ a sealing
surface (5) and the sensor (4) is located in linghwthe sealing
surface (5) at a radial distance of at least 0.6 rfrom the sealing
surface (5). This allows in particular physical aquidies related to the
sealing surface (5) to be measured.

According to another variant, said sensor (4) itested from a
strain gauge, a shear gauge, a rosette-type sgyauge, a force sensor,
and said sensor (4) is located in line with a seglsurface (5) and at a
radial distance of at least 2 x Pmin from the seglsurface (5). This
allows the stresses in the connection represen¢abVv the stresses
undergone by the sealing surface (5) to be reliabbasured.

According to a complementary or alternative variarnhe
functional surface can be an external (10) or intdr(11) threading
and the sensor (4) is located in line with saidegxial (10) or internal
(11) threading at a distance greater than or eqaa®min relative to a
threading root line. This allows the stresses ine tltonnection
representative of the stresses undergone by theathing (10, 11) to
be reliably measured.

According to a complementary or alternative variarnhe
functional surface can be an external (10) or intdr(11) threading
and the sensor (4) can be located in line with saikdernal (10) or
internal (11) threading at a distance greater tloanequal to 0.6 mm
relative to a threading root line.
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According to a complementary or alternative variarnhe
functional surface can be an internal diameter (Bmnd the sensor (4)
can be located in line with the internal diamet&i)(and at a radial
distance of at least 0.6 mm from the internal saefg5). This allows
the stresses in the connection representative efdfiesses undergone
by the internal surface (5) to be reliably measured

According to a complementary or alternative variarnhe
functional surface can be an abutment surface (6J &e sensor is
located at a distance D of at least 1 mm from tlbeitenent surface.
This allows the stresses in the connection represteve of the
stresses undergone by the abutment (6) to be rlimleasured and the
sensor to be protected from the high mechanicaéstes which are
usually exerted on an abutment.

According to one aspect, the added portion (11) claa
produced by a method selected from recharging mashoelectron
beam melting methods, metal powder bed laser mgltom "selective
laser melting" methods, selective laser sinteringtihods, direct metal
deposition or "Direct Energy Deposition” methodsin8er Projection
Deposition or Laser projection deposition methods¢c-wire additive
manufacturing deposition methods.

The invention is also a method for producing a #ded
connection (1) for a steel pipe comprising the step:

— First machining of a connection body forming a howg

— Mounting of at least one sensor in said housingti@pally with at
least one thermal protection plate,

— Material deposition by additive manufacturing sotascomplete said
housing over the at least one sensor (4) and opdignover the thermal
protection plate (8) and thus produce a portion mdditive
manufacturing,

— Complementary machining of the connection comprgsirthe
machining of a functional surface in said portioarded out by additive
manufacturing.

The invention will be better understood using thesdription and
the appended drawings.
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Figure 1 shows a partial sectional view of a femakennection
(2) and a male connection (1) of the prior art caimspg respectively an
internal threading (10) and an external threadiid)( a female sealing
surface (7) and a male sealing surface (5), a matd lip (12)
comprising a male abutment (6); a correspondingdeEmabutment (9) on
the female connection (2).

The connections may also comprise several threadshages,
additional sealing surfaces, for example locatedween the female end
lip (13) and a threading (10, 11), with a corresdorg sealing surface
on the male element (1).

The embodiments described below describe a maleneotnon
but the features described also apply to a femalenection.

Figure 2 shows a first embodiment of the inventiamerein a
male connection (1) comprises a body (21), a thregd11), an end lip
(12), a portion produced by additive manufacturif3g, and a sensor (4).

The sensor (4) comprises a transducer for convgranphysical
signal into another signal, particularly an elec#l signal.

The portion produced by additive manufacturing €mprises a
sealing surface (5). The sensor (4) is located ptedetermined distance
D from the sealing surface (5). The sensor (4) icaaged to measure a
physical quantity related to said functional suraevhich is here a
sealing surface. That is to say that the sensoarranged to be able to
measure physical quantities such as a stress, pdeature, a force, near
said functional surface (5) and which are repreaéine of quantities
exerted at the functional surface (5).

According to one aspect, the connection comprisesharmal
protection plate (8), located near the sensor (dd arranged to separate
the transducer of the sensor (4) from a part of goation added by
additive manufacturing (3). The thermal protectigmate allows the
sensor to be protected from damage due to heatnduthe step of
producing the part added by additive manufacturiagmethod which is
exothermic.

Advantageously, the protection plate (8) is arrashg®o as to
limit the loss of bias transmission at the extersalface near the sensor
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(4). In the case of the first embodiment, the saegfanear the sensor is
the sealing surface (5). The protection plate iergfore arranged so as
to be able to transmit the stresses exerted atse#aing surface (5) and
transmitted into the material near said sealingface (5). The sensor
(4) and the thermal protection plate (8) can beké&d by gluing,
screwing, punching, the transducer can be printed, example on an
epoxy plate. In practice, the thermal protectioratel is a substantially
flat plate. It may include bent or curved ends doatt the thermal
protection plate has an inverted U profile or anpkbfile, in order to
laterally protect the transducer of the sensor @hd/or in order to
improve the hanging of the protection plate in tonnection.

According to one aspect, the transducer of the een@) is
selected from a strain gauge, shear gauge, a redgpe strain gauge, a
force sensor, a temperature gauge, a pressure sersothreshold
detector.

By way of example, the transducer of the sensor iffgy be a
piezo-resistive stress gauge of the film-frame gaugpe, made of a
printed circuit on an epoxy support plate screwedoothe protection
plate. Alternatively, the gauge can be a wire gawdeed on a support
plate. Alternatively, the sensor can be solderegunted.

Advantageously, the support plate is the thermaltection plate
(4). The addition of material by additive manufadtg is done on the
thermal protection plate, so that the closenesswbeth the thermal
protection plate and the added material allows stes to be transmitted
from the added material to the thermal protectidate.

The thermal protection plate may have a thicknessager than
0.3 mm. The thermal protection plate can be madesi#el, stainless
steel or titanium alloy, copper and/or aluminiumlogl. The thermal
protection plate can be a combination of two layeaslayer of steel or
stainless steel or titanium alloy and a layer opper and/or aluminium
alloy, or a layer of low thermal conductivity toogt the propagation of
the heat and a layer of high thermal conductivitydissipate the heat.

According to another aspect, the sensor (4) can diethe
integrated type. An integrated sensor comprises, aadition to a
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transducer of a physical component into an eleatricsignal or

measurement signal, an electronics arranged to eslsspd measurement
signal into an output measurement signal, optiopal memory module
and a communication module to store the measurememade in the

form of data sets and to communicate the measuréndata upon

request from an external control unit. The sensayrmurther comprise a
power source.

In the first embodiment of Figure 2, a sensor (4)located in
line with the sealing surface (5). The sensor (¢)located at a distance
D of at least 0.6 mm from the sealing surface (5).

More generally, when the sensor (4) is selectedmfrstress or
force sensors, such as a strain gauge, shear gaugesette-type strain
gauge, a force sensor, a pressure sensor, a thigesthetector, it is
preferable that said sensor (4) is located at aimum distance from a
sealing surface, a distance D greater than or eqaalthe depth Pmin
such that

160 x e x intf x R x(1-v2)
T x D2

(1) Pmin = 5.031 XJ

This equation (1) is applicable to a toroidal orus-cone type
sealing surface, that is to say a metal-to-metahlseone of the
surfaces of which has a radius of curvature R.

This minimum distance Pmin depends on the diametethe
sealing surface D, the interferendatf, the thicknesse of the lip
supporting the sealing surface, the radius R of thidal portion as
well as the Poisson's ratio of the material. Thelmplier coefficient
5.031 is applied. This coefficient corresponds tee thalf-length of
contact which, multiplied by 0.7861, allows the dlepfor which the
shear stress is maximum to be calculated, thatoissay (12.8/2) x
0.7861= 5.031. The number 0.7861 corresponds to the coedhit of
the theory of Hertz in the context of a linear caci.

Beyond the depth Pmin, the variation in value oé tdtresses is
said to be stabilised, without inflection of thervation in values. In
addition, the presence of the sensor may involveedistribution of
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stresses in the material due to a discontinuityereuf this effect
remains punctual relative to the circumference lod sealing surface.

Nevertheless, it has been determined that a minindigtance
of 0.6 mm of the sensor from the stressed surfdb@was in most cases
to avoid abrupt variations in stresses and furtbBows the effects of
redistribution of stresses to be limited. The sems$® located at a
distance of at most 5 mm from the sealing surfaég, (n order to
ensure that the sensor (4) can measure stressees@mpative of a
contact state of the sealing surface, in particukaantact with a
corresponding sealing surface of a female connexctio

The connection can include more than one sensoefepably
distributed circumferentially. The sensors can Ifetloe same type or
of different types. In addition or alternativelyhd connection may
include more than one sensor, all contained in ®geme portion
produced by additive manufacturing (3).

For example, the tubular threaded connection (1)Fojure 4
comprises three sensors (4a, 4b, 4c). The thres@an(4a, 4b, 4c) are
stress gauges. A stress gauge has an orientatidledcéongitudinal
orientation. The three sensors (4a, 4b, 4c) arepased so as to
measure three components of the stress undergornt@édgonnection: a
normal axial stress gauge (4a), the longitudindaknotation of which is
substantially parallel to the axis of the conneatia normal circular
stress gauge (called "hoop stress") (4b), the landynal orientation of
which is substantially perpendicular to the axis tbe connection; a
shear gauge (4c), the longitudinal orientation dfieh forms an angle
of 45° with a straight line parallel to the axis tie connection and
passing through a point on the gauge.

This example is non-limiting relative to the addini of
additional sensors, for example of a different matusuch as a
temperature gauge, a force sensor. Also, for exanphe stress
sensors can be of different types. It is possibberéplace a stress
gauge with another one of the rosette type, or &ashgauge.
Advantageously, the temperature gauge allows theerapng
temperature of the sensor to be known and the teatpee data can be
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used to perform a corrective calculation for theesses measured by
one or more stress gauges.

Alternatively, for a stress gauge type sensor, sheess gauge
can be produced by means of additive manufacturmegthods, by
means of printing layers which are successivelyctileally non-
conductive and electrically conductive and arrangedh patterns
allowing electrically conductive and insulated tkacto be achieved.
Typically, the conductive tracks have shapes ofwork, comb, rosette
bridge type, namely the conventional shapes ofsdrgauges.

In a connection variation including several circlandéntially
distributed sensors, a connection according to thegention may
comprise a circular groove wherein a sensor beltplaced, which
groove is then completed by a deposition of matlepaoduced by
additive manufacturing.

A sensor (4) can comprise a processing electromiesnected
to the transducer of the sensor (4). The processhgctronics can
comprise a signal conditioning stage, which may poime a converter
sub-stage, an amplifier sub-stage, and a filter -stdge. The
processing electronics may comprise a memory aredntp store the
measurement data. Thus, the sensor (4) can be rogated by an
external device to record the measurements madendua period of
time.

In one variation, the sensor (4) may be providedhwa circuit
arranged to count the number of cycles during whacmeasured stress
intensity has exceeded a predetermined stress hiotdsintensity.
Thus, the sensor can record the number of cycledeugone by the
connection at the monitored functional surface.

The processing electronics can be connected byrdgotor or
by an emitter allowing a wireless measurement sigria be
transmitted to a control unit. This control unit asranged to transmit,
process or display the measured quantity.

Figure 3 is a graph showing curves correspondinght® stress
components in the material, as a function of th@ttheand in line with
a sealing face, for a connection of the prior afthe ordinate



10

15

20

25

30

11

corresponds to the depth in mm from the sealingaswe. The abscissa
represents the stress values in Mpa. It is noteat tihne variations of
stresses decrease strongly beyond a depth of 1md adso that the
evolutions of stresses are stabilised, that is a9 without inflection
of the curve, as is the case for the curve of théues of shear stresses
around 1 mm distance from the sealing surface. Thiisis more
interesting to introduce a discontinuity in the ragtal from a distance
of 1 mm from the sealing surface in the case ofstltionnection.
Calculations have shown that a minimum depth of n@n6 was
indicated for most connections. It is also possible use the
calculation of the minimum depth Pmin according ttee mentioned
equation (1).

Preferably, the sensor (4) can be at a distancatahost 5 mm
from the monitored functional surface, because balyahat, some
components of physical quantities to be measured¢chs as the
stresses, may no longer be able to be measurecteftdy or so as to
be able to reliably find the corresponding repres¢ive quantities at
the surface of the object.

Thus, a sensor (4) can be arranged to measures&sedorces
or temperatures exerted at a sealing surface, fample to measure
torsional stresses at the sealing surface. Inde¢bd,sensor having a
given orientation, therefore a known stress compdne a
predetermined distance from the sealing surface sehgeometry is
known, it is possible to determine a stress exertddthe sealing
surface (5) from a stress measured by the senspr (4

Threading

According to a second embodiment shown in Figure the
connection comprises a portion produced by additmanufacturing
(3), a sensor (4) located at a predetermined disdaitom an external
threading (10) or internal threading (11), depergdion whether the
connection is respectively a male or female conmatgtthe sensor (4)
being arranged to measure a physical quantity eeldab the internal or
external threading. An external (10) or internal 1J1 threading
comprises, in a side view as shown in Figure 5,eaies of threads
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(61) comprising crests (62), roots (63) of the eggment flanks (64)
and loading flanks (65). The thread roots (63) sé&®ra section plane
are virtually connected by a threading root liné)6vhich is a virtual
line joining the thread roots of the threading. Téensor (4) is located
at a distance of at least 0.6 mm from the threadiropt line.
Preferably, the sensor (4) is located at a distanteat most 5 mm
from the threading root line. Distance here refessthe distance from
a point to a straight line and therefore corresporid the shortest
distance between a point and a point running on dtraight line, that
iIs to say the shortest distance between the seasdra point on the
thread root line of the threading.

A connection including multiple threading stages ymlaave a
threading root line if the thread stages are alidjner each have its
threading root line when the thread stages areaimned.

Thus, a sensor (4) can be arranged to measures&sedorces
or temperatures exerted in the threading, for exl@ntp measure shear
stresses at the base of the teeth of the threadimdeed, the sensor
having a given orientation, therefore a known s$resomponent, a
predetermined distance from the base of a toothhaf threading, and
the geometry of the teeth being known, it is pos$sibo determine a
stress exerted at the base of the tooth of theatthireg considered from
a stress measured by the sensor (4).

Abutment

According to a third embodiment shown in Figure the
connection comprises a portion produced by additmanufacturing
(3), a sensor (4) and an abutment surface (6), sbesor (4) being
located at a predetermined distance from the abuatnseirface (6) and
arranged to measure a physical quantity relatedthe abutment
surface (6). Preferably, the sensor (4) is at a ssabtially axial
distance D of at least 1 mm from the abutment scefé6) and at most
7 mm. The distance from the sensor to the abutmsutface is
generally greater than for other functional surfadecause the forces
involved at one abutment surface are greater thanother functional
surfaces.
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Similarly to the other embodiments, measuring aess$r at the
sensor (4) allows a corresponding stress at thetrabot surface to be
determined. This allows, for example, cases of rodkplastification of
the abutment to be detected, or else when the gerssequipped with
a memory and a counter of exceeding a predetermithedshold, the
counting of the number of stress cycles of the abarit surface.

Internal diameter

According to a fourth embodiment shown in Figure the
connection is a male connection and comprises diporproduced by
additive manufacturing (3) arranged to house a sen@) and an
internal surface (81), the sensor (4) is locatedaatpredetermined
distance from the internal surface (81) and arrahde measure a
physical quantity related to the internal surfacgl). The portion
produced by additive manufacturing separates thesse (4) from the
internal surface (81). The portion produced by ada manufacturing
comprises part of the internal surface (81). Prabdy, the sensor (4)
is at a substantially radial distance D of at le®s6 mm from the
internal surface, in order to protect the sensoy {#bm wear which
may occur in service on the internal surface (8Pyeferably, the
sensor (4) is at a distance less than or equalmon7rom the internal
surface (81).

All the four embodiments are not mutually exclusjw@ey can
perfectly be combined one by one or all together.

Figure 8 shows a variation combining several desed
embodiments, with a joint wherein the female conm@t 2 comprises
two areas added by additive manufacturing (3a, &branged to house
two sensors (4a, 4b) respectively placed at a ptremheined distance
from a female abutment surface (9) and from a sgpBurface (7). The
sensor (4b) near the sealing surface (7) is comadb a processing
electronics (22) and a transmission electronics)(Btated near the
external surface (25).

According to another aspect of the invention, thensor (4)
can be connected to a processing electronics (22d/& a
transmission electronics (23). These processing/@ndransmission
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electronics (22, 23) can be disposed near the s€sko these
electronics can be installed in the same casinghwan integrated
sensor.

When at least part of these electronics (22, 23)oisated at a
distance from the sensor(s) (4), the connection meymprise
electrically conductive tracks, particularly instéa conductive wires
positioned in fitted housings and one wall porticf which is
produced by additive manufacturing. These condustoan preferably
open near an imperfect thread, or near a greas&kgtpor onto an
internal surface in the case of a male connection, an external
surface in the case of a female connection or aewte These
arrangements are subjected to less mechanical bidhan perfect
threads, sealing surfaces or abutments.

Electronics

A processing electronics (22) comprises a circuitaaged to
receive at the input an electrical signal comingnirthe sensor and to
emit at the output a signal representative of thuamtity measured by
the sensor modified by a transformation factor kisl transformation
factor k can be predetermined so as to take intooaat the position
of the sensor, its depth or distance from the taéedefunctional
surface, the presence of additional elements swcla @rotective plate
(8), the latter can introduce a discontinuity inetmaterial and disturb
the distribution of mechanical stresses or temperas in the volume
of the part. The transformation factor k can be elan. The
transformation factor can be nonlinear. Preferaltlyge transformation
factor is determined by a calibration performed tme basis of a
connection model, a sensor configuration and impddion of said
sensor. With a sufficient implantation depth, tharnation in stress
values as a function of depth is smaller and alloyeod repeatability
of measurements to be obtained from a connectionipgzed with a
sensor to another having the same configuration.islt therefore
possible to calibrate the sensor and the processlegtronics (22)
from a standard model.

Obtaining method
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According to one aspect, the invention is also athod for
obtaining a connection equipped with at least om@s®r wherein a
first machining of a tubular element is carried puty milling or
turning.

The first machining can be a housing, in the shape recess
or a groove made from a tubular element obtainederafdrilling
thereof, or after an optional tapering step, whishdesignated by the
term connection body.

Then a second mounting step comprises the actiofs
installing one or more sensors (4), optionally dispd near one or
more thermal protection plates.

A third step is to dispose material by additive méacturing
over the sensor(s) (4) and so as to fill the recessthe machined
groove. In the case of a circumferential grooveg teposition of
material by additive manufacturing can be done wé#hnon-rotating
print head and a rotating tube.

A fourth step comprises the complementary machinofgthe
connection to produce a functional surface at legsirt of the
machining of which is done in the material added lgditive
manufacturing, the functional surface being seldcfeom a sealing
face, an abutment, an internal or external surfacéhreading.
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CLAIMS

1. A male or female tubular threaded connection (1) &osteel
pipe comprising at least one external (10) or intdr(11) threading,
an end lip (12), a portion produced by additive meacturing (3)
arranged to house at least one sensor (4) at aepeechined distance
from a functional surface (5, 6, 7) of said conneant the sensor (4)
being arranged to measure a physical quantity eslatto said
functional surface (5, 6, 7) and said functionakfaece (5, 6, 7) being
selected from a sealing surface, a threading, amtrabnt, an internal
diameter or an external diameter.

2. The threaded connection (1) according to claim lewhn
the at least one sensor (4) comprises a transdsedéected from a
strain gauge, a shear gauge, a rosette-type sgauge, a force sensor,
a temperature gauge, a pressure sensor, or a thicksketector.

3. The threaded connection (1) according to one ofmskal to
2 comprising a thermal protection plate (8) neaidsat least one
sensor (4) and located between the at least onesaoge(4) and the
portion added by additive manufacturing (3).

4. The threaded connection (1) according to one of the
preceding claims wherein the sensor (4) is at dadiese D greater than
or equal to a minimum depth Pmin such that:

160 xexintf x Rx(1 —v?)
T x D?

Pmin = 5.031 X\/

5.The threaded connection (1) according to one of the
preceding claims, wherein the functional surfaceaisealing surface
(5) and the sensor (4) is located in line with tdealing surface (5) at
a radial distance of at least 0.6 mm from the seglsurface (5).

6. The threaded connection (1) according to one of the
preceding claims wherein said sensor (4) is selécteom a strain
gauge, a shear gauge, a rosette-type strain gaadgerce sensor, and
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said sensor (4) is located in line with a sealingface (5) and at a
radial distance of at least 2 x Pmin from the seglsurface (5).

7.The threaded connection (1) according to one of the
preceding claims wherein the functional surfaceairs external (10) or
internal (11) threading and the sensor (4) is ledatn line with said
external (10) or internal (11) threading at a dmsta greater than or
equal to Pmin relative to a threading root line.

8. The threaded connection (1) according to one of the
preceding claims wherein the functional surfaceairs external (10) or
internal (11) threading and the sensor (4) is ledatn line with said
external (10) or internal (11) threading at a dmsta greater than or
equal to 0.6 mm relative to a threading root line.

9. The threaded connection (1) according to one of the
preceding claims, wherein the functional surface as internal
diameter (Di) and the sensor (4) is located in liwgh the internal
diameter (Di) and at a radial distance of at le@s6 mm from the
internal surface (5).

10. The threaded connection (1) according to one of the
preceding claims, wherein the functional surface as abutment
surface (6) and the sensor is located at a distdha# at least 1 mm
from the abutment surface.

11. The threaded connection (1) according to one of the
preceding claims, characterised in that the addax pl1) is produced
by a method selected from recharging methods, etecbeam melting
methods, metal powder bed laser melting or "sehsxtiaser melting"
methods, selective laser sintering methods, dimaetal deposition or
"Direct Energy Deposition” methods, Binder ProjextiDeposition or
Laser Projection Deposition methods, arc-wire adaitmanufacturing
deposition methods.

12. A method for producing a threaded connection (1) fo
a steel pipe comprising the steps of:

— First machining of a connection body forming a howgs

— Mounting of at least one sensor in said housingti@pally
with at least one thermal protection plate,
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— Material deposition by additive manufacturing so &
complete said housing over the at least one seri4prand optionally
over the thermal protection plate (8) and thus proel a portion by
additive manufacturing,

- Complementary machining of the connection comprgsthe
machining of a functional surface in said portiorarded out by
additive manufacturing.



