¥ THREADED CONNECTI ON FOR TWO METAL PIPES WTH A HIGH MAKEUP TORQUE The
rnvention relafes to threaded connections for twa netal pipes with a
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drill-pi pe strings for hydrocarbon I mai nder of the present
Yocunent, the ter m "t hr eaded connempk?rémm al pipes" wll
Chamebton vetueen T kot ARSS' " ORAEholitel 0,868 Bl 4,
10 coupling. Th ' r.ol tifute (APlI) defines: in
specificati ontaR&eégE{F%l&%Q? gﬁ%ﬁfaﬁgég@égﬁe &rséaded net al pi pe connections for
production, and for [ . &Fl,ylveH articBRAF P | £ cadiion: ARl 5B,
standard t%pered tﬁ?@gﬁegggﬁgﬁfgﬁggﬁc bon?gg¥?%ngb f5 e t%%%g§§u§5 %ﬁch

APl t hread COP%EE&WL?I@%%@EHI?&@E@%@E@&lhyaﬂﬁmtbﬁﬁ'@vellﬁonpr ise, on each of

the male and female e thread rod6t, a thread crest and two

flanks, namely a | pathef fetaind@p ef eheSprafat BOcurheh kthe Toen tihreaded coedtion dor
thread crests are nornmally parallel to the taper of the thread. 20 The

| oad flanks atwo gRtdl pipeed wilk eideniasibdifaniinggal sometticasdwethevo Wigpipée
connection is subjected to tensile forces, for exanple due to the weight of
t he pi pes, thelacvahtaionhieetweameactiisriong pipé endtaeseoath stensipipe fsaclcas.a The
| oad flanks are located on the threads opposite the stabbing flanks. Wen
maki ng uplsuctouwlin@Pl connection, depending on the taper of the 25
threads, at a given nonent corresponding to a given relative position of

he mal e and fenmalThe Amemean Betrolbem dimtigsd (ABDtdefings: one of the el enents cone

nto contact with the thread crests of the other elenent. )
e in specification API 5CT, metal pipes and threaded metal pipe connections for

production and for casing hydrocarbon wells;
e and in specification API 5B, standard tapered thread forms for such connections.

15 The threads of such API thread connections can be trapezoidal and then

two flanks, namely a load flank and a stabbing flank.
The thread roots and thread crests are normally parallel to the taper of the

thread. |
20 The load flanks are so termed because on bearing against each other when the
' connection is subjected to tensile fqrces, for example due to the weight of the pipes,
they enable the connection to tolerate such tensile forces. The load flanks are located

on the threads opposite the stabbing flanks.

When making up such an API connection, depending on the taper of the
25  threads, at a given moment corresponding to a given relative position of the male and
female elements, the thread roots of one of the elements come into contact with the

thread crests of the other element.
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"2 If screwing of the male element is conginued into the female el ement
‘beyond that position, the male threads start to interfere radially with the
“fermal e elements, which leads to an expansion of the female elenment and a
- "contraction in thdfsalewingbfthermale slestentis ¢antianedeingméhe female tlementnbeyeddso
‘as not to devel op excessive stresses 5 or deformation. The dianetrical

i nt er f er ence thast pesition; libe male thrpadsnitart dp intgeferauradiadly swigh the &pealeitelestenithi ch

radially interfere is generally defi neg as the difference in the gi anet er

of the hal f c¥ijehs leadettpan e¥papien Qfirthe @galstelquaééngo% fpairacting 1g; the dPalfice

bei ng neasure bef orﬁ cqnnecti on andb ken, to be%&cf}s' tive when the two

r

t
surfaces, oncEERGHCh &g nterigreggs pustbe lypited $o a3 g VEIOP REPS SR StITEeE o

points. To limt _ .such stresses or deformations, an annul ar bearing surface
which is Jori¥deRBRUShst antial Iy transverse with respect to the axis of

th ti be ,. i de f h | f | | ts,

the bemrroe ourf acHt” diahlefida Seftef@ Peront e, PRl POy SFHNE SIBTRD b
ith h oth t i . ‘ . i . i . i ni

2 makeup comrey s et FR AN SitbreresR oPhUuBFRES P UiRerBACRH T dafiBler 0 0O
I's, for exanplegye Hsi; B Elf:ﬂo}?\sg thel LA M Hiosk 3RS, efk Hifrefnbd Eang&netaaﬁ%d
pOSItI on. The use o apu 1 ng earing surtace to pOSItI on the _onnect| on

has other — aquefit agRSectioh RQ't@l@n”@) SeBositRRAwhdrAfHeStwRf sﬁrﬁ%eg%@@féb%ng&ted,

t hreads under tension which are then ready to tolerate the tensi

stresses Ho Wk&h doRBicEPrRERES bawebstisuhitarpsigksdur i ng  service; precise
positioning of the nmale and femal e el enents thus guarant eei ng, when each

‘f the mal e and f er@ligieheientedsesfornt dfommmionstinommbinbeasag sarfaawhitl is
urface 25 which radially interferes with that | ocated on the mating
el enent, a higglenteddasubsmntillycoaisaertse prithsespeet e thee exis fi¢hes vorirectdon wvar be no
risk of plastification thereof, 3 '
provided on each of the male and female elements, the bearing surfaces being
positioned such that they come into abutment with each other at a given moment
15  during makeup thus precisely defining a makeup completion position.
The position at the end of connection makeup is, for example, determined by .
the torque required to arrive at that position.
The use of abutting bearing surfaces to position the connection has other
advantages:
20 e placing the load flanks of the connection threads under tension which are then
' ready to tolerate the tensile stresses to which the connection is subjected during
service;
e precise positioning of the male and female elements thus guaranteeing, when each
of the male and female elements of the connection comprises a sealing surface

25 which radially interferes with that located on the mating element, a high metal-

metal contact pressure between the surfaces with no risk of plastification thereof;



"A reduced risk of accidental breakout because of the nmakeup torque which
-has t'o be overcone before being able to break out the connection, this
‘torque being well defined and al ways above a m ni mum val ue. Eur opean

_“patent EP- A- @ 488lugddriskeefadcisientat bishkeut beeavse of Bie makenp tergre sduchchasiie dads
‘screwed one into the other, a pair of radially interfering netal -netal
sealing surf acexerapme peforr rbesns diritq bregk @&ﬁ%l%@()@\???%é@,s tREgvs| Being ¥sHcave
tapered surface at the end of the male el enent and a convex annul ar
surface forni ngdefinedand ehsaysshevs yB¥UMERE 2§ f erml e el enent. Such a
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made up with to i re higher than the rotational torqué of the
string if it éns{hgggﬁarlge\lg'e%}%ngr event the threaded elenents fromrotating with

respect to each ofpgr, M%gea Lidd@nibg Ak RbSAth MBh GBmIrRl Abk&lp Bejugen
el ements can nodify the 20 characteristics of use of the connections, in

particul af t Rghith 2ERIENGD B PN he@500@ M) fhreb@wipld, Watficla s suffder int dhe
desired makeup torques for such applications. External pipe dianeter Level
f makeup torrgﬁgn' dhsdskN.m (Ibf.ft) 101.6 - 139.7 4" - 5"1/2 20-34
5000- 25000 168.3 - 177.8 6"5/8 - 7" 27-41 20000- 30000 244.5 9"5/8 54-88

40000- 65000 TABLEH3welesitrmay bewetessdry nakmeake wptigpueonnection with even higher
torques, in particular for casing pipes for multiple deviated wells or horizontal wells
enabling a wide zone to be exploited from a single site.

15 The use of techniques for rotating the string comprising drillpipes at their end
(drilling liner) also permits better cementing of horizontal wells but necessitates pipe.
connections made up with torques which are higher than the rotational torque of the
string if it is desired to prevent the threaded elements from rotating with respect to
each other when the string is rotated, which rotation between elements caﬁ modify the

20  characteristics of use of the connections, in particular their sealing properties.

. Table 1 below gives an idea of the desired makeup torques for such
applications.
External pipe diameter Level of makeup torque
(mm) @) (kN.m) (Ibf ft)
101.6 - 139.7 4”-5"1/2 20-34 15000-25000
168.3-177.8 6°5/8 - 77 27-41 20000-30000
244.5 975/8 54-88 40000-65000

TABLE 1: Desired level of makeup torque



"4 The abutting bearing surfaces can only4tol erate such torques w t hout
~deterioration if the radial width of the abutnent surfaces is increased,
_but then nmuch thicker

-“service requirenerk§. ab‘g‘h ?B?ﬁ%‘g %‘3’54%25 lﬁ‘gﬁ%gﬂ\f,lvg'l %&e{g%dst%‘fe:h; Cr§B at‘?i’iﬂ?lf%tm th
appl 1 cati on veBarBisazy ededhl pedh oTTNT Eumer e T OO P pp e,
of & dover ai IERE FsPoapait reued Ty PR b e E e, | oun
the mal'e and 1 ema iyt R EdgRedls thyd of PRI Ml petind et ol ©
ot her in gu%%%%gqgrﬂggs co-ordi nated between the male and fenal e

t hr eads. ternmed "half dovetail" since they overhang the

thread roots on qpersidEaiatent afplichEsn WO bRokDAdestliBitka fhi&iRed @bnmRtibhe
stabbing flank side, and because the angle between the |load flank and the

normal to theyifP RRetddORreadi shd anPedddddl ineadicktntwanad Wedget tabdadneh fHeagdnerind
said normal is such that the thread width is higher at the crest than at

the root. Wiggmi bEa B8V eRaibaiabte pastiitgiageatifdovefagt femal e el enent in
accordance with WO 94/29627, the narrowest thread crests face the w dest
thread roots and tduehehfeadsard kigyen axinalge tleazdsnerethreddsoeith theariablei wigith
flanks of the threads. 20 As the male element is screwed into the fenale
el ement, 10he saxe dle widdaofihe enale amidemels threads o froononsgtead eofthethread toehe
flanks conme into contact wwth their female nates. Beyond that position,
he fenal e flodlrecsn & ntagnérewkicinistde-erdinaied lbetwWeeathesmalgdnd fespale theeadses a very

apid increase in the curve of the nmakeup torque as a function of 25
rotati on. Such a dwehdbrepdmarertemrasorhalirozetailt pingtiey/oserng dhe thierd g9ais y

tolerate a high nakeup torque due to . the devel oped surface of the threads
but it suffero® eneosiie only, either on the load flank side, or on the stabbing flank side, and

because the angle between the load flank and the normal to the connection axis and
15  that between the stabbing flank and said normal is such that the thread width is higher
at the crest than at the root.
When the male element is engaged in the female element in accordance with
WO 94/29627, the narrowest thread crests face the widest thread roots and there is a
large axial clearance between the mating flanks of the threads.
20 As the male element is screwed into the female element, the axial clearance
. reduces to a position where the two male flanks come into contact with their female
mates.
Beyond that position, the female flanks interfere with the male flanks and there
ensues a very rapid increase in the curve of the makeup torque as a function of
25  rotation.
‘Such a connection in accordance with WO 94/25627 can certainly tolerate a
high makeup torque due to the developed surface of the threads but it suffers from a

number of important disadvantages.



nunber of inportant disadvantages. 5 Firstly, variable width wedge threads
~are expensive to machine and difficult to inspect. Further, the acute

_angl es of dovetails or half dovetails disposed on the |oad. flan i de

-"and/ or on the stadiisHy Yarzhle Wabwe%ﬁg{qaﬁmr@ e@‘ﬁs‘?sbveafﬂdp"’ecg“’\%“gkfhgfcéﬁ to
"sensitive 5.to cuts and flash fromsuch cuts are deleterious to the
function of tH®Clonnection. Such sharp angles al so notch the thread roots
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t hreaded Connection ere esire eup torque 1s obtained after

consi der abl e rot atd , r e f , 15
se@ﬂtsﬁg@ ?@egwéo nREh HREhRLEGhoR AN 2 tdhp th@mreattzfﬁgare

We have al so ensur ertain confirgurations, the slope of
mekeup torqug.re fF3H&HLARL G4 ve is reduced froma given torque, resulting
in aself-limting~ characteristic for the makeup torque. W have al so

sought to provi de PheLHpREGHE tihvntivhisedksits fravite auihadadyd tcb@iictib® whicH eimak
and/ or external fluids, even after a nunber of nakeup-breakout operations.

20 The thr eadgsliec@mnecs hiph hekspetoriwwoTnwhigh ipiffeesobbudhhdispivesgts and dmt i on
conprises a nale element at the end of a first pipe screwed into a fenale
el ement ab tpaeticaiw Dthreaded condegpiopevhidhs evmhemehktentaching and vehitlecarabe
tapered male thread with trapezoidal threads where the thread width at the
hr ead cr est seadilylmesspuldtat ontseet hread wi dth at the thread 25 root. The
emal e el enent conprises an internal tapered female thread with .
We have also sought to provide a threaded connection whereby the desired
makeup torque is obtained after considerable rotation, for example of the order of one
turn, or more.

15 We have also ensured that in certain configurations, the slope of the makeup
torque — rotation curve is reduced from a given torque, resulting in a self-limiting
characteristic for the makeup torque.

We have also sought to provide a connection which is particularly tight to
internal and/or external fluids, even after a number of makeup-breakout operations.

20 The threaded connection between two metal pipes of the present invention

. comprises a male element at the end of a first pipe screwed into a female element at
the end of a second pipe.

The male element has an external tapered male thread with trapezoidal threads

where the thread width at the thread crests is less than the thread width at the thread
25  root.

‘'The female element comprises an internal tapered female thread with

trapezoidal threads with a form which mates with that of the male thread.



f::trap'ezoi dal threads with a formwhich matgs with that of the nale thread. 6
~The term"female thread mating with that of the male thread" here neans
.that the taper and pitch of the female thread are substantially identical
- to those of the nalke termr éemaletideadmatinghwith has of thomeleghreale hergrmeans thateads
"is substantially identical to that of the mal e threads, the inclination
-of the |oad fthaidpsr andipieinpbiba demale Hicgadoaretsplestandighly ilegticah te these 0§ thenmale
connection axis being in particular _identical to that of the corresponding
f1 anks on thethmd@néﬂ@ﬁébﬁ@,reaﬁrf@rwmlﬁ fespale Hueads pnfubstaptiallyadentisalite thatiafg
| ess than that of their root as with the |l e threads. C earl the form
of the mal e tthe &nle thieads, thecngingtian Pgthﬁ@éﬁﬂﬁ%aqdhﬁgb%mgﬂ Sf%fnt&FgemHPead.
The width of the .thread crests on. each of .the male d,fe e threads. is
i gher - 16"t HAFIEHE TEEORHETOR AEAAERE dh B IeBEHEELI W G cOMFROREnE
el enent is position by, screwing, into t f | e, el enent to rel atjve
position of t %OPﬁﬂe @?‘[’](?rﬁi‘ﬂ?%nt“f’gli&eavbdgh BE%r{gg%ﬁipm\%ﬁ&eéfs bcfﬂ}%alﬁas ﬁﬁﬁi}ﬁ‘\é

the two mal eot{ {PléﬁargRI lag%ﬁl ﬁl%nﬁal:e }1%{189 nt(ﬁé:atrlé/\gtlﬁ{'{c;rgxfe 011[‘ ﬁ% %}E{%{h?%atdh{head

. n
fl anks, so as duce an axia erferen Feads by

the femal e t%ag@g%g&qteggﬁﬂpﬁ;tsofg%éﬁlal gding on the mating form of the

mal e and femal’ e Z0l feads used.. and because the thread width at

the crest is |owerpfhapit BEiHeRhREE QIR ath bfe UM and Rfald Bl S8Rdibal e
g }h h ﬁ]ows y a lgag?ng

t hreads penetrate radi y and wedge 1nto the mating ho

ef fect as)ot hgnaxinal oPthe Jheas fets 6f tht RArddthRads occurs during makeup and
t hus, 20 beyond the position of contact of the two mating fl anks, induce an

xi al interferencerTid imaldkletleat MAp6sifidHedasls sérgwirgeintenid €erhile adeiferanG ¥i Cce
ersa. This interference fit over all of the surface of the flanks results

i n the possi elatity pogifiornbBihess thg eerhérghlodetgd éeywid thakehgpe, tduriagenakelp, thbe
threads. The features of such threads are such that they can be nade
cheapl y, t heytwarmale2bhreed fignksocammsmexrcomand vathetha dtvoffermgle Ithread flasks, s&Rs Ao O
454 147 describes a threaded connection with a tapered thread and
induce an axial interference fit of the male threads by the female threads, and vice
15  versa. |
Depending on the mating form of the male and female trapezoidal threads used.
and because the thread width at the crest is lower than the thread widtﬁ at the root, the
male and female threads penetrate radially and wedge into the mating hollows by a
wedging effect as the axial progression of the threads occurs during makeup and thus,
20  beyond the position of contact of the two mating flanks, induce an axial interference fit
. of the male threads by the female threads and vice versa.
This interference fit over all of the surface of the flanks results in the possibility
of absorbing a high degree of makeup torque T in the threads.
The features of such threads are such that they can be made cheaply, they are
25  easy to inspect and are not fragile in use.
'EP-A-0 454 147 describes a threaded connection with a tapered thread and

trapezoidal threads where the width of the female thread crests is higher than that of

the male thread roots and in which when connection makeup is complete the two



_"trapezoi dal threads where the width of the female thread crests is higher
-than that of the nale thread roots and in which when connection makeup is
_conplete the two 7 flanks of the thread of one. el enent re i.n contact with
-"those of t he flgalss ofghe tigguchet ong clemenyare BhRantagt By gﬁh‘?ﬁﬁ chft ¢ Feting cleggnt, at
“However, in EP— A-O 454 147, only sjnple cont act has been ai ned at, even
only partl al leashevse @ Pogae lﬂﬁéa ting flanks so that, when the

s (oot e LR SP 8 ORI SRR 18 vl e
flanks d < h
e R i et

séa lng_ S r:‘gg eCte@Po c@rﬁ %J?%}%t?&%'eésﬁa&%fg I?fgéb%%bfeg% gftedsﬁ@ﬁ?&%s\’\’f@et he

connecti o gain su €SSesS taln suc
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transverse beap] fig |su:f }ifenGE. lpsaﬁbmngkﬁﬁ@dﬁts ﬁ?&ﬁbaﬁ@@bfﬂﬁ: fiétaf, %gaﬁ%mlag

abl e to abut against that o he matT ng el e The mating mal

femal e stabbiipg sééla%kﬁlr%@s HnAPEFE thu§ OcadiSe taosws&qued@ rigk "BMieAkdPe Ahemlthe
cl earance between tfRem before the bearing surfaces come into contact, which

15 axial cl eabaRedoh IHERS sifjedt&l ® Rhsik| siiesdes Z lotmbianutha dﬁﬁpl@ld@gta&ﬂbf aces
cone into abutnent. These transverse abutting surfaces can al so,

conventi qoal liie tigrbsd flanktshehenmeleneptiom makeyp Butoriletd; BP4AMSEATAT bas torake

di scl ose a hi gh nmakeup torque threaded connection. In the present

anventi on, whedans don@otitioningetke wenents; araplebt e, trarseersk dewing safface26n each
nterference between the thread crests of each of the two male and fenual e

threads and etdneentyedaich Geatimgeauiface beimgiableptoedtut aphipstribefaef the roatingeelementer y

preferably, when the two flanks of the male thread cone into contact "wth

t hei r mati ng Thermdtmgthale aod female sigbbing Banks ase disposad selas de aneddeof mipimuanst

0. 15 mm subsists between the crests and roots of the mated threads.. 25 In

a preferred vl glepgace peiavegn Ahem defose thenbearng ruraeestramfe Bt cRBtaH vdieh

crests
15 axial clearance reduces to zero or almost zero when the bearing surfaces come into

abutment. These transverse abutting surfaces can also, conventionally, absorb the
makeup torque, but EP-A-0 454 147 does not disclose a high makeup torque threaded
connection.
In the present invention, when connection makeup is complete, the diametrical
20 interference between the thread crests of each of the two male and female threads and
. the mating thread roots is preferably negative or zero.
Very preferably, when the two flanks of the male thread come into contact
with their mating female threads during makeup, a radial clearance of at least 0.15 mm
subsists between the crests and roots of the mated threads.
25 In a preferred variation, the diametrical interference between the thread crests

of one only of the two male or female threads and the thread roots of the mated thread

is positive when makeup is complete.
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of one only of the two male or fenmal e thré8ads and the thread roots of the
“nmated thread is positive when makeup is conplete. 8 Preferably, to obtain

- ffecti ial_ipterf Cfit the thr. b ffect, th
angle S between ¢ MUl ARk e EE B G RIERNE OF TngCraFedsty &
- f le th ds js | th | ,tq 2 Hi ghl : | LWt is inth
range 7 to- 20V o et AP telgalrel A2 o BSLREMIM or Yespde 7 ¢ ne
th d t f h.of . th | le th d h the th d
read cres sfgrﬁﬂg??r%?%sglalegﬁﬁ}af%rfég@agq? %&ma e threads overhang the threa

roots of the ank side, the angle a between the

| oad flank and thegy. | . G ect L ORo aXhgo LG ti d
havi ng a val ue in%ﬁ%ﬁfy@%eﬁéa%&[?@sﬁfi@% ‘%@%v%?gg%%?"%b??‘@ggﬁs55"3?gga
wedge effegct gausing too high a slope dT/dN of the curve of the makeup

torque as a function of the nunber of turns is to be attenuated, at |east

one of the nale angifrtieABlif, HY BAGY GEAPIOFSASh dfAhOWAe ARG eMdle fhidst he
thread crest over all or a portion of the length of the thread or threads.

Such a groove&effaheane Shieh® rbbtexdfbihk ishie Ghrealieor theeladd dhadk siideewhé@tangleduces
the 15 axial interference fit forces and reduces the nore these forces as

t he groove hagtWeensttb$éadMdnilandeid Roratatl tovitdt donnddtiod axsthilig Beihg) négative and
substantial reduction in the slope dT/dN of the curve of the makeup torque

as a functi omaofngtahalnrtinties range 0t nis°at t he expense of a slight reduction
in the maxi mum makeup torque. Thus the conbination of the two
char act eriosti cs, nhdvantageowshe uptooceyere aametgs| effzet cilisidfl, toe dmghbe slope idiVdeéd.
20 French patent FR-A-2 408 061 describes threaded connections with
‘r apezoi dal tdfrtbadervenofuttiecmakeup tsfrquenes ehivaetiin ehihe sembert 9fptres isgtobdee
pening into the thread crest. However, that groove is closely associ ated
with struct urasieneted, i leant enecofithemrle andlos fermale ghraadseqomprisesd BEPOYS RERAS on,
i.e., resisting breakout: to this end, the inclinatio 25 of the thread
flanks with tife tge Huead Grestavert df em Ptk of Hhadength phige Cheatar vr %@Qk-s with no
Such a groove increases the flexibility of the thread and somewhat reduces the
15  axial interference fit forces and reduces the more these forces as the groove has a
substantial depth and width. This results in a substantial reduction in the slope dT/dN
of the curve of the makeup torque as a function of the number of turns at the expense
of a slight reduction in the maximum makeup torque. Thus the combination of the
two characteristics, maximum makeup torque and slope dT/dN, can be optimised.
20 French patent FR-A-2 408 061 describes threaded connections with
. trapezoidal threads in which one of the threads carries a type of groove opening into
the thread crest.
However, that groove is closely associated with structures of the thread flanks
producing a self-locking connection, i.e., resisting breakout: to this end, the inclination
25  of the thread flanks with the groove is different from that of the thread flanks with no
groove and is such that the width of the groove at its opening reduces during makeup

under the bending forces resulting from the differences in orientation of the mating

thread flanks.



. groove and is such that the width of the groove at its opening reduces
“during makeup under the bending forces resulting fromthe differences in
.orientation of the_mating read cumen

] t flanks.., 9. Thi t t .

. disclose the functﬂﬁ}%d%‘funieﬁ‘égﬁ%‘a?@ ‘Jd%?qssﬁéhec&?ﬁ%‘gpgﬁ‘eo‘fleat“ﬁé’ ?tﬁ?slég’(ﬂ)‘?eﬁﬂoﬁnd
bar 11 cul ar O cHta/ BVETHIOBLAI bt RWAPRIEIA Botirich YHE he Laiijeoishesor e 1"
-particular a I a r tgs W I .

Pr ef bly, i .d A ith the.i ti th dept h i t t
caqual 5ty ¢ ietLds PR At BB A P RE LR SR o (he
thread crest i alp sk, & 2 BlachlewhRiRAlyiHBh inelDeoreeBRis AR BRINI

the radi al distanég perpendi cul ar e “connection axis

the taper enys k@&%@%é&%ﬁ@ {HISRE oFIRS gt W0 s bBRindlntd DR hfdaBfhsf RO a0

the thread wdt asured~para onnection axis at t
thread ni d-d*ag; S;f 40 Breferally @gainteadt BEptH PANE th@Sradial dsthRRIhieddli-pa!

dt @
axi al pl ane, profile with "arns vmaich may or may not be parallel, or in

the shape of ardnWchir fo HRUESHRECRASBds biftiein Bieefae@BvtlopidietHeoRAgdBase of
t he groove hgs a radius of at least 0.2 nmto prevent stress concentration

in the groovgpdass oftigf girédd YoRRgand the alsadiwitithebdid encandted gyapdie] €b afent s
conprises at |east one 15 sealing surface, the orientation of each male

seal i ng surf aegndedbn@xis dbshieahdehdidrdegthngi t udi nal and radially interfering
with a mating fermal e sealing surface at the end of the connection makeup
so as toiseal the Rreferabbtagaim, thir gfoevabdsy irag ingitudiad laxat plhe atll pofledvitienal e
el enents conprises at |east one substantially transverse bearing surface,
Qt | east one aabsivhichgnayedrendyesatibepasallelf avim theshapef ay with e rabndedbase. agai nst
femal e bearing surface at the end of the connection nakeup to precisely
posi tion the seal iVayy praférablgsthamenndad basgexlithregrones hasjayadiup of ahlgest 0.Zmen

bearing surfaces do not, however, act to define the position at the end of
connect i on miRk BIRYCTHIETESY PRICERIEAMISN Y the| ZapRie B36€.t he t hreads come into

contact. The follqw igures illustrate ticular non limtin
enbodi nents of t hé’ref%?ab{y ggagn, each ofu tie maﬁe arPda {:emafe elements comprises at (‘?east one

15  sealing surface, the orientation of each male sealing surface being substantially
longitudinal and radially interfering with a mating female sealing surface at the end of
the connection makeup so as to seal the connection.

Preferably again, each of the male and female elements comprises at least one
substantially transverse bearing surface, at least one abutting male bearing surface

20 coming into abutment against a female bearing surface at the end of the connection

. makeup to precisely position the sealing surfaces and thus define their interference.
Such bearing surfaces do not, however, act to define the position at the end of
connection makeup when the stabbing flanks of the threads come into contact.
The following figures illustrate particular non limiting embodiments of the

25  invention.

Figure 1 shows an axial half cross section of one end of a pipe or coupling

comprising a female element of a threaded connection of the invention.



.25 invention. Fi gure 1 shows an axial halfo cross section of one end of a
" pipe or coupling conprising a fenale el enment of a threaded connection of

.the invention. 10 _Figure, 2 shows . ial half cragss sectian of pne end of

- a further pipe corﬁiﬂ‘i‘rgi %éhﬁwﬁa?”ea@?]ghéﬁtcr echer é’gd%‘l:? 8‘6‘%&3& &B‘ﬁg‘ﬂf PPRe
invention. Figure. 3 sho n axial . half,cross.sect.ion of.a threaded
connect i on oBSCHIPREHSE aaﬁ’%q%fel%ﬂj&fzéﬂ% tgfeapﬁ%c%}ngﬁé%@th? P es 1 and 2. 5

Figure 4 is a SChjﬂ%}lrig%e %lnv,s]:/ssn%nr gpglgll__]fa?fcérgé)snseg{i_.?rgafgttﬁlielgdé)df céh fgtl fg?r;rt%{,‘{‘gjif

threads of the f gure L. S a sche I

Cross sect] onedl -2y 06} & he QenBr SWFIRLS {ifgods of the mal e el ement of

Figure 2. Figure an axi cross section of a detail of a few

threads Fisgures 4 mpd. 410 2Scqhd ﬁ%gﬂ‘%‘f@s‘é@ectf&ﬂ%f%m;ﬁ%ﬁé)i‘mbfén&% gﬁ%ég %gtype

; t 1a-C :
shown in Figure 3. igures 7 an show a variation of Figures

Figure 9 is ahe fhei@libqehtalfFigo3s- section of a detail of a few threads of
Figures 7 and 8 when connected. Figure 10 is a graph of the makeup torque

T as a function offighe NP&hedhtic Afif ErdkSechioh Bf avdtalios Afdwd Rfaleothrdads of
connection of Figure 6. Figure 11 is a variation of Figure 4 with a groove

in the fenal ghé HaRodkement DfGiguge 42 is a variation of Figure 5 with a groove
inthe nale threads. Figure 13 shows a graph of the nmakeup torque T as a
function of the nufipere 6 iofantaniahkalf\ross sevsiorvelid ddtaibofa ffw tHreads Figaed 4 and of
el ements of Figures 11 and 12. 20 Figure 14 shows the application of the
present imverft duingtroaleuphthe adekcaombeing ofithe dypeshowotin Bigure3.gure 3 shows a
t hreaded connection 100 between a nmale elenment 1 at one end of a first
tal pipe 101 andFigureefaheé 8shewmarmarigtien ofdrigurendl and Sa second netal pi pe
02 which may be a | on% pipe or a coupling. Such threaded connections can,
for Figure 9 is a schematic half cross-section of a detail of a few threads of Figures
7 and 8 when connected.
Figure 10 is a graph of the makeup torque T as a function of the number of
15 turns N in two variations of the connection of Figure 6.
Figure 11 is a variation of Figure 4 with a groove in the female threads.
Figure 12 is a variation of Figure 5 with a groove in the male threads.
Figure 13 shows a graph of the makeup torque T as a function of the number
of turns N in two variations of the connection of elements of Figures 11 and 12.
20 Figure 14 shows the application of the present invention to a threaded and
. coupled connection.
Figure 3 shows a threaded connection 100 between a male element 1 at one
end of a first metal pipe 101 and a female element 2 at one end of a second metal pipe
102 which may be a long pipe or a coupling. Such threaded connections can, for
25  example, constitute strings of casing pipe or production tubing for hydrocarbon wells.
‘Male element 1 shown in Figure 2 comprises on its external surface a tapered

male thread 3 with trapezoidal threads and its end, which is also the end of the first

pipe, has an annular transverse male end surface 7.
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- external surface t aper.ed ;Eale t hr ad 3

" 25 exanpl e, constitute strings of casing i pe or production tubing for

hydr ocarbon wells. Male elenment 1 shown in Fi gure 2 corrprises on its

r ead its

AR Lh
end, which is als eergeny %hﬂé’“f"? igpire ‘leVI on i Bteg ‘tﬂeér PGSR i o
" mal e end surface,?7 Femal shovvn in Figure 1 has on its
" internal surfgrfédé‘”fl’e\%b‘?%@s?” H:F'i""f’rdead 4 whi ch ma'?es with nale thread 3.

Pipes 101 and 102 olr%u) ﬁ;lto(i%r«%)gorﬁlg tg¥%§'gcrgﬁln% thilE B33 gﬂfrﬁ%é glex%leﬁ nt |

into femal e threa erren connecfion o

optionally cor rf'ex?%é’thrggd E%ﬁrferﬁgle%féﬁeﬁé ments, additional neans when t he
connection née articularly tight, narrely a) on the nmale el enent,

an external ta|oergjfei1 ”ﬁdn‘ﬁe& b1 eggwﬁa&p%oﬁaﬂyh@orﬁﬁf@s%s of eaam'omhé S1eeRgr al | y

hi gher that that the taper of the nmale sealing

surface 5 ”E%%Hﬁl%ﬂal%ahb%h@hﬂi@éo%hedt@n%@%s th & partRORHG tigh nbthelgn the fenal e
el enent : an internal tapered female sealing surface 6 the taper of which

i s substanti aaP' Yy dnd@Btrhaléleldnient, it ex@érnil@pdrad enase adaling seifideas e¢hbtaper af
internal shoulder with an annular and transverse bearing surface 8. The

mal e end surface Avigeis genetallp\Mphenthaethat bé tieomalavkreadpetiectapert of thevealy 15
open vertex half angle, for exanple 75, the femal e bearing surface 8 in
this case being cedlingsunhatds trieesusadhen the diametdral 20%n firexarple; addi ti onal
means 5, 6, 8, which are optional as regards the invention, function as
follows an the conmabe femld Blemedthe mal e seal ing surface 5 interferes
radially with the female sealing surface 6, 20 i.e., its dianeter at a

‘:f erence poient abéftemal taperedciemate besling gudacet hiahe tapsr @if avkicleris grbstantially

ting point on the female sealing surface 6, this dianeter al so being
measured  bef or enisshtectirbefl thomalayalinaiface dnce the sealing surfaces have

made contact, conti nui ng .
‘e an internal shoulder with an annular and transverse bearing surface 8.

The male end surface 7 can, in known manner, be concave tapered with a very
15  open vertex half angle, for example 75°, the female bearing surface 8 in this case being
convex with the same vertex half angle.
The additional means 5, 6, 8, which are optional as regards the invention,
function as follows on the connection 100.
The male sealing surface 5 interferes radially with the female sealing surface 6,

20 i.e, its diameter at a reference point before connection is higher than the diameter of

. the mating point on the female sealing surface 6, this diameter also being measured

before connection.
During makeup, once the sealing surfaces have made contact, continuing
makeup induces an increasing diametrical interference in the sealing surfaces.
25 The precise position on makeup completion is determined by abutment of the
male end surface 7 against bearing surface 8 of the internal female shoulder, which

defines a precise value for the interference between the sealing surfaces 5, 6.



f

-connection i éhecIB

N makeup i nduces an increasing dianetrical 2nterference in the sealing
"surfaces. 25 The precise position on nmakeup conpletion is determ ned by

e Peml'e s heaRon e Rade B A Bhp BE At AR BE Leifln VAt of

. internal fermale s

recise va
i nterference bet %ntég@esealing surfaces 5, 6. 12 The position when
1 8t an be marked by a given value of the makeup

torque. The concaﬁl}ece&lvcsese-mw&%nhe@f bBHRUSHRERS 7 8 SRl &YEhS Helifing

bearing surfaces om com ng apart and I ncreases the contact pressure

between the $e@ldelGrom? SHidAESSt afd HeF@SesttheScohfidt Hrabaw dnben B Qhlitdhe
mal e and fenal e threads of Ta * connection of the invention. Male thread 3

(Figure 5) igu@degpered thread with a pitch P the pitch surface directrix
line 21 (abbreviated to pitch line) of which is inclined at an angle y to
the 10 connecti OlFigaxéss 45 UL land hetshyw=featugésaof (thd/mhl0)and Tlenksé nrebdle of aper
of the thread with respect to the dianeter and expressed as a % The nale
t hreads 11 atgentecapeddindahventioeads with a thread crest 17, two flanks 13
and 15 and are separated by a thread root 19. The thread crests 17 and
thread roots 19 amMalpahrahd 8| (Figur¢ B isnatapepdtthrealiwiéh 2 pitch Psthehstchl sanfese
conprise a load flank 13 and a stabbing flank 15, the latter being turned
t owar ds the dikerisriier (hbreviatedTioepitabadine) lohmechl® iaclthed tah i anglef v amitke 15
are respectively inclined at an angle a and 03 with respect to the nornal
to the atfPs ebnnestior exinsuel tat witaictam (ARGO8). I T beingwntappresd theghmead with ead
crests 17 overhang the thread roots 19 on the side of the |load flanks 13
in Figure 5 £espad 1o shqpdiametsr aphexpressehass? Yor om j unpi ng out during nakeup.

S?/dgog\éiez';i O[r)hos;[ P ?F\}]g_r:r%ilee th?ezidss lnlea g ttria\p/eez’oic}apﬁlrgargi%l“%thoa t nez;[ ceresﬂolnh (t)v\{/grfﬂ%ﬂsg 'ng
13 and 15 and are separated by a thread root 19. :
The thread crests 17 and thread roots 19 are parallel to the male pitch line 21.
15 The flanks comprise a load flank 13 and a stabbing flank 15, the latter being
turned towards the male end surface 7. |
The load flanks 13 and stabbing flanks 15 are respectively inclined at an angle
oo and B with respect to the normal to the axis of the connection with an angle

between them.

20 The thread crests 17 overhang the thread roots 19 on the side of the load

. flanks 13 in Figure 5 so as to prevent the threads from jumping out during makeup.

By convention, the angle o is negative, the angle 3 on the non overhanging side being
positive.
The angle 6 is also the algebraic sum of (oo + B) and its apex is directed
25  towards the exterior of the male thread such that the male threads {/ have a width !/ at
the root which is higher than that ¢ 3 at their crest.
The female thread 4 (Figure 4) has matching characteristics to those of male

thread 3.
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" The angle S is also the algebraic sumof 3(x + 13) and its apex is directed

25 towards the exterior of the male thread such that the mal e t hreads 11

The femal e t hread ur'e

~have a width 11 atqle(ég&afeoa{cﬂvmh EinBIERAE (Aaad id Bifinchn A & 1S

as ma Chl ng characteristics t

-. mal e thread §meﬂc§?n Iiag R teﬁlir?gcpls i@dheikAing u?@mainamﬁom@%aqe me I

“inclined at an angle onnection axis, h angle I's i1dentical to
the inclination OfThfefb%es@@i@axm tdols 14 Gﬁth@?emé[@ﬁuéz{c?ﬁ%%)a?z@le%Qhé F&hse lib{icls)f
the female thread are parallel to the female pitch ine 22. 5 The

flanks 14 ang,sbabbing flanks 16 of the female thr ead are respectively
inclined at an angle a and (3 to the nornmal to the connection axis and form
an angle § betweemelibaiMarkaqh 288 stabeiag flaiig ESobde figndleenticale regpetiely
corresponding nale angle. The width 13 of the male thread crest 17 is
slightly | ar gelinédhanar frelevicdin A toGthehorntdieo tlenmdnaedtivnead anddorh&n dngte &
exanple by 0.2 mm 10 The width t 4 of the female thread crest 20 is
slightly | ar gerwdehalrer, rachofithese angles being fdentred] ¢o ther@aspandingliale hogleexanpl e
by 0.2 nm Wen the male thread 3 is screwed into the female thread 4, at a
gi ven monment || Jdervadtd 3 of the gialethecadianest d fds slighHk derge thamstherwidgh &6 of
threads 11 cone into contact with the two flanks 14, 16 of female threads
12 over substlmiemalel thread €oeink8, far egappls byf0.2 Mese 15 fl anks. Thi s resul ts
fromthe fact that_ the w dth.of | e and mal.e sts

| arger tH&n the V\ALF@FH“ST}] Q%@fﬁ‘ﬁtérﬁée”@éﬁ?écrfét (§§ S&ﬁ@%f@ tt&f’é‘ tthFaYBQQ’cfi%al

formof the threads t 3 and t I f makeup is continued,

dﬂ| e threads Oﬁheﬁé?{%ﬂFSQCquoéél?afPF §xampie %Qéénﬁnntb the 20 female hollows

nd simlarly, bur d into .the nale

hol | ows. For thi s%eé’s% a?%éfeé‘%é%ﬁ rgwﬁcﬂ "i‘?(hél ltemﬁrﬁg(fén%ea $1Ve0 BPMeRk
mal e thread f'llusprated in Figure 6, the two flanks 13, 15 of male threads 11 come into contact with
the two flanks 14, 16 of female threads 12 over substantially the entire depth of these

15 flanks.

This results from the fact that the width of the male and female crests { 3, ( 4 is
larger than the width of the mating roots { 6, { 5 and from the trapezoidal form of the
threads, with ! /> (3 and (2> ([ 4.

If makeup is conti»nued, male threads 11 penetrate radially and wedge into the

20 female hollows and similarly, female threads 12 bury radially and wedge into the male

. hollows.

For this reason, there exists an axial interference fit of the male thread flanks
and female thread flanks and it is necessary to considerably increase the torque to
continue makeup. This results in a very steep slope dT/dN of the curve of the makeup

25  torque as a function of the number of turns N, depending on the surface area of the
interference fit flanks which are in contact over substantially the entire depth and over

their length.



and female thread flanks and it is necess‘ﬁry to considerably increase the
“torque to continue nmakeup. This results in a very steep slope dT/dN of the

- curve of the makeypedpde W IHR 33 fAndtieAGritRNmRHuLE Of BlbMSHy ¢Ffthé Widddl dfthe

. depending on the surface area of the interference fit flanks which are in

contact over efhntsabf itdlthyertTe otk ithiréadl @t RAGth @f €lie thid¥al thel BaGt dlamddr The
slope dT/dN is a function of the nodulus of elasticity of the netal of the
el ements, of tfiddeof! aethrédd depthhehd brigtad, beivebahd dagitshobl thheadt idad,th¢ he
mean di anmeter thereof, the thread depth, the angle S between the flanks of
a thread andcoéffitieat of edtfonchberweernthef maletdndnfebnatentheends helt maltieusapaossibéared e
threads. It is thus possible to 5 predict the slope dT/dN. In order for

t he mal e and pteiiaitee sibpedfsiN o be able to penetrate radially into the
mating hol |l ows, angle 6 of the wedge forned by thread flanks 11, 12 is
advant ageous| y notlntosder| far gee malg andrfampls thiegds tocberpble to tpeneivate adially mtyl e 6
which is too lowis also not desirable as the wedge phenopenon 10 w | be
nore di ffi culthe mentingpheltaws, : anglee Pephiiing wesdgg| orved dyi Hreak flagkyd 1 712 29 |
with an angle S of 1Q being preferred. The choice ?f threads with | oad
flanks 13, 1advaniagsqudy ReGROildree apdeaans, fexaBRlendfleav 0= - 3 can al so
enable an angle (3 of +13 to be used which is sufficientl inclined to
enabl e the thread<\% B“E’é?lga‘@]@"lééﬁs'iop OWi§ a e“‘ﬁfff??lm AN MCSWPIACPRAIPTE R ¢ he

makeup torque.J.is determned. by the elastic |ljnt .of,the al,@f the

el enent s.101t W‘lbf I‘W&reﬁ@g?lgf%lm%erﬁ?rgd?rfker%r% %l?%n‘f] tg%lﬁqn@gip[gl’ezovjilwg“ f or

t he makeup torque. .l ceder to obtain an opti mum wedge effect w thout
xcessive st nggglg Si(# @hgemﬁﬂeefg%énag femal e el enents and to all ow the grease

[ d the t : . ' t 04fl.0 .adi
nt or for ence. bet wads TR il Ml IR RARD S, T4 ey Aeclifufile o or, g
femal e thr eag§%rg§1e o apdcdnnggd Hﬁ%ﬁdaé{&%iéﬁ(gg&n&?& b@hisd@nitRtie dumtih@pd

(4, 3) shoul e avoi ded; thus threads can designed, 1n particular 1n
their inclined to enable the threads to engage easily.
15 The maximum admissible value of the makeup torque T is determined by the

elastic limit of the metal of the elements. It is thus possible to predict the maximum
admissible value for the makeup torque. o
In order to obtain an optimum wedge effect without excessive stresses in the
male and female elements and to allow the grease disposed on the threads before
20  connection to flow, any radial interference between the thread crests (17, 20) of each
' of the two male and female threads (3, 4) and the thread roots (18, 19) of the mated
thread (4, 3) should be avoided; thus threads can be designed, in particular in their
width, in which the diametrical interference between the thread crests of each of two
male and female threads and the thread roots of the mated thread is negative or zero

25 when makeup is complete.

In particular, threads can be designed for which at the moment of first contact

on the two flanks (figure 6), the value x/ of the radial clearance between the male



;vvidth, in which the dianetrical interferelnsce bet ween the thread crests of
each of two male and female threads and the thread roots of the nated

-thread i s negaleh¥ @r@t 1764d the Fernhle BhreBk Bblow I SCaAPher €2 of kie RRI! ictdataice
t hreads can be designed for which at the nonent of first contact on the

two flanks (fheBidcd tAe ferfidiethveddugest R0 @fid tHeanaladiredd indllear Ehiset battve e minhe
‘male 15 thread crest 17 and the fermale thread hollow 18 and that x2 of the
radi al cl earance Insteadkofavdiding emprtadiat mterfederce bstwe20 tianthreadecrestd ef ¢dch edd
hollow 19 is at least 0.15 mm Instead of avoiding any radial interference
bet ween t he tthe cedmetessidSembledbrendsoB, 4) dnal thewthraad wotmef the maltes thheaddds3), 3,
4) and the thread roots of the mated thread (4, 3), 5 in a variation,
threads 73, 722 vaniapem,ttheeatiad Lt Heiir peitigelar thed Widpt and depih,bandesdesigagd to
create a positive dianmetrical .interference between the thread crests of one
of the nale coeate apeFitive Hiamstricahimteriorrnce Reeen thiothseadrcresie oharg plthernaad
when makeup is conplete. Such a variation is.shown in Figures. 7, 8 and 9

respect i vel y ardemelpshreadaand theihegad raotsiof thempting t eégldv NARACHE OBt i on
betueen {he mal e (HCBHyEREORSS ARORRA THTFEAnF At B RoRt ©F 7 THTAE t he
Such & di spodlidt: fcmaledbieay Psr I EruTecy i PLIBR oA Eh B Eel SPfE
throad cridst drigy s Hhaint? bl R O BRLRE brelS VERHY VS ol ©

between the Ml A%tk 38tk The ffhalelBread ERstsOGAIRI RNt 1R AP tffeal N

qakeup torque T as a ron of the nunber t oW ng

eometry for BLRes Guch %@@Bﬁ%ﬁﬁ& ARl g cCorbthe 1RePSE G 3RS -

177.80 nm 20 regﬁpe't l‘llccliine s: 10. 36 rrml( ZSQI lz)i/flt)u) 0 pi pg mgt erial: Igﬁw
alloy steel whifueyi €l d stress > 551 MPa; 5 threads per inch thread,

Preferably for this variation, contact between the female thread crests 80 and
15 the male thread roots 79 occurs before contact between the mating flanks 73, 74, 75,
76.
Figure 10 shows a graph of the makeup torque-T as a function of the numgéf- |
of turns N for the following geometry for pipes of a connection as shown in Figure 6:
e pipe diameter: 177.80 mm

20

pipe thickness: 10.36 mm (29 Ib/ft);
e pipe material: low alloy steel with yield stress > 551 MPa;
e 5 threads per inch thread,
e thread taper TT = 6.25% on the diameter (y = 1.79°);
e angle a of load flank = -3°, |
25 e angle 3 of stabbing flank: +9° and +13°;
e angle § between flanks: 6° and 10°.
On this graph, the abscissa N = 0 corresponds to the first contact on the two flanks

13-14 and 15-16 of mated threads.



" thread taper TT = 6.25%on the dianmeter (¥ = 1.79); angle a of load flank
"= -3; 25 angle 0 of stabbing flank: +9 and +13; angl e S between fl anks:
S

_.6 and 10. On thi scigsgs N &0 i
.. contact on the t\/\oﬂ{‘rﬁ%ﬁ?gg %@?4 g?\d@lS-?&’ %gwﬁgt@?g t retgéc}}sw%é\f'hllr:?r‘sooo
threads wth 1&§ﬂfwgs9o&t§insd ﬁ?o.%&%f&%&'ﬂﬁioﬂf cmssoﬁda@t&éswi @9442.53]@2&22&&5&: ft)

was obtained in"0.8 of a revolution, corresponding to a slope o

KN.m turn. For th®ageadd #hhi3= 1393 £ 509, 4 Drquétof 5. 9ud &f(33HPIbRAY) Was
(33850 I bf.ft) was obtained in 0.47 of a'revolution, corresponding to a

sl ope of 97. Hkdihed ihW 47 of HreSolbion, dobresmditipttb aisfiiperof OF ke ni/iuin t hr ead
flanks enables nale and fenale elenents to be nmade up with a very high

t orque wi shout t heSuthed thiead anittalnterf@nstcebfit thread Hlaaks enaples malet leh fabdlai ned
by a rotation of a fraction of a turn of the male and fenale el enents,

whi ch may pr alemdnes tocbd madd fip edithra vaop highcotqae Iwithehethesead forgpnsabutraergdut ar e
to be provided on the nmale and femal e el enents such as, for exanple, 5, 6
in 10 Fi gur eugh aThejudey ¢hapoanedby a witaton afonfractionpeles sumeoflibe weader asdich
seal i ng surfaces necessitates a rotation of one elenent with respect to
the ot her of femalestewentsofvhighemay proye 49 be insuiiiciegepartipyardy whe sealisg mrfaces o
contact and a precise positioning of the male and fenale el enents_when
makeup i s cordpt & de RrRvdpd ont the maley apdifergale wlonments susdi 4y fas example ul.n it
constituted by twg transverse bearing surfaces such as 7, 8 in Figure 3. It
is diffiddlt kgrgdarant ee satisfactory sealing during service on a threaded
connection wth interference fit thread fl anks of the type .of Figures 4, 5,

RIS el Piehgreclipd 3

, the sealing s }fea@"é@ ORAENt R 2 FUTS YR IR Fe PR VR Py Ghgsea _ Sdf
SPSEEEC AR ER W REICE (T S T
the angle S Qggn\/\aﬁfe? t}tlfb?eafiltl"é S.ﬂ"gacfeé é’r%é inY\@H(l.)rga&eaq'lh 3 &EMSJ ]?(Sjs?t?o(?nng of the male

and female elements when makeup is complete, the positioning being obtained using
15  an abutment constituted by two transverse bearing surfaces such as 7, 8 in Figure 3.

It is difficult to guarantee satisfactory sealing during service on a threaded
connection with interference fit thread flanks of the type of Figures 4, 5, 6, the sealiﬁg
surfaces and the transverse abutment bearing surfaces of the type shown in Figure 3,
taking into account the manufacturing tolerances appropriate for the male and female

20  elements.

. A reduction of the angle & between the thread flanks would certainly reduce
the slope of the curve of the makeup torque as a function of the number of turns but,
unless a highly negative angle o of less than -15° is used, which is not desirable, it
would be necessary to substantially reduce the angle 8 of the stabbing flanks, which is

25  also not desirable.

The thread forms illustrated in Figures 11 and 12 can resolve the problems of

compatibility between the high values of the nominal makeup torque and not too high



~“the sl ope of the curve of the nmakeup torgle as a function of the nunber of
" turns-but, wunless a highly negative angle a of less than -15 is used,

anale (3 of eratis Apioass oo’ ek EBaBke, bER RPN drind EifESE " e
t hread for ns)}flegge()?s&e;%tateﬂg&%xgélfqgg ﬁ&mﬂe]r o?@%ﬁétz can resol ve the probl ens of

conpatibilit alues o e nom nal nmakeup torque and not

too high 17 a Vall‘h%’thr%fadst(FKeFi 14461 1 9hd 19am§@4fiémﬁrryadfv@ﬁta§e@m fhe, e M}j@

sl ope dT/dN of the curve o e torque as unct’ion of "t he number of
turns. The tRpeads,ptyifh QuiBSuthcdndd 7 aBittheRA6 the WpRrshywAdYBBhAGEOUS i N

the case of a connection with sealing surfaces angl an abutnent of the type

shown in Kigure 3.T1p 1€ tHPBA® JfiFigRRéls2 RveFhginTaguke shatad fask 38 ifliged et , a
| oad flank 33 inclined at a negative angfe a wth respect to the normal to

the connecti qRgANeSng@ o hathirespact toahk nGinal tditeicoankctibn axipos stubbigg am 85 0
Wth respect to this sanme normal, a thread crest 39 and are separated by a
thread root 3fclinddet 4 @atitiveangié pf enmkaptdineahis sade abrrlgatieedd cresr 3%2apbnd
to those of male 10 threads 31 in Figure 12 with a |oad flank 34, a

st abbi ng f| anke $parated by etideadrrest 388 and a thread root 40 with the sane
pitch and orientation as those of the male threads 31 wth respect to the
connection axis. The faatutds off fermals thedads 3R f fFagrae d 1t ¢nreesponsk tosthosgof nade | s

hi gher than that of the mating thread roots 40, 37 such that at a_given
noment dufi nghneadsetipin Rigure g veith a bag (flapk 34.3BstabPing fankinfy, 19 thiead sraskids and t h
their female mating threads 34, 36 although a radial clearance subsists

etween t he t@rthessd reped avithgthe 3pme pHch Ard REENIAEPT 3% BadF Phbednala dhreads 31 5

riation which is not %hown, t.here could be a positive radial interference
bet ween t he tHHEHHPECH EsteSPNRECHPMAYE t hread and the mating thread root.

il hread 51 b 0uR0UELCL 00N Bk Mheed etk ot Mgl Giahu Rl
axis of the V. 1Se mfdISHaR AR 17 BB of 8 Si1F SOMASCHLARY MhkSup, the male
15 flanks 33, 35 are both in contact with their female mating threads 34, 36 although a
radial clearance subsists between the thread crests 39, 38 and the mating thread roots
40, 37. In a variation which is not shown, there could be a positive radial interference
between the thread crest of a single thread and the mating thread root.
Male thread 31 has a groove 61 opening into the male thread crest 39, the
20  profile of the groove being a V with a rounded base and in which the axis of the V is
‘ substantially normal to the connection axis.
The depth of the groove 61, measured radially, is 65% of the depth of male
thread 31 and its base is a circular arc with radius 0.4 mm.
The angle between the two arms of the V of groove 61 is 35° and induces in
25  the male thread 31 of Figure 12 a groove width, at its opening into the thread crest, of

34% of the width of the male thread measured at mid-depth.



" The depth of the groove 61, neasured radiwlly, is 65%of the depth of male
thread 31 and its base is a circular arc wwth radius 0.4 nm The angle

. bet the t f the V of 1is 35 i i 25 .t
et e, e L1 B 05 3B L SO0F Pk SV RS A
t, of 34%.0f th idth of th .1h t m,d- h. .18
R L kd e
38, with th . t i le th d 31 d di d i
W ettﬁggﬁgq%%é%§§§%%%980%e%% I'n nmale rea an | Sposea 1 n

the femal e nner as groove 61. Such grooves 61, 62

transform each of e (1325 URj eSSl S S:oNn
the two flanks 33, h gﬁ%’vg%Géllnté% ?%?%gﬁt%aﬁévg gﬁ%’%{%?ﬁ O%b4+st'6"gt%§ts%8bjt6e)ct ed
to bending Stcpﬁﬁ%ﬁon%'&%s S RNl Ak Bl By 35N8IGRS ol et EANGI kst he
interference Tl orces en the connection 1s made up beyond the point of

si mul t aneous 64985 abbielled tHBehdidfesadd as a result reduces the slope dT/dN
of the curve of the makeup torque as a function of 10 the rotation. The

groove depth and it febultaht Aéxibili§ i0ORRE AGeduttion tif éhd ifeeRebneE &8 fordLwhen
paranmeters which can be acted upon to obtain a slope dT/dN of the curve of
the makeup tRs Evtmedsordismadetuptieyohd tHeeoimtcitsinuitanbdusitonsacnof tHedtanki ghd

whi ch remains, for exanple, of the order of 20 KN.nfturn. 15 The depth of
t he groove mast rbsuiltl redsces ftansiope ¢Tydbl ofttbe turee bhtheanhkdeptdrqas as atinetion o€ i t
coul d unacceptably weaken the structure of the connection. The groove w dth
at its openi nbe fawsteont he t hread crest nmust be less than or equal to 2/3 of
the width of the thread nmeasured at md height thereof to preserve a
ufficient rigiditEheagroowe depthelandfitst adtl zatt ity epening 6ato the, thgead emst 20e The
.4 mmradius for the groove base |imts stress concentration at the
groove base. paamesers WhiclFicgube acBdseraRstos tainga 1siope /Ry fcthgr @irvg ©h the

groove all ow n?( i i . ) ) )
makeup torque as a function of the rotation which is not too high, which remains, for

example, of the order of 20 kN.m/turn.
15 The depth of the groove must be less than or equal to the thread depth as
otherwise it could unacceptably weaken the structure of the connection.

The groove width at its opening into the thread crest must be less than or equal
to 2/3 of the width of the thread measured at mid height thereof to preserve a
sufficient rigidity at the level of thé cantilevers 63, 64, 65, 66.

20 The 0.4 mm radius for the groove base limits stress concentration at the
. groove base.

Curve E in Figure 13 shows such a thread structure with a groove allowing
makeup with a nominal torque of over a minimum desired value for the pipe dimension
under consideration (27 kN.m: see Table 1). The slope dT/dN of the graph of the

25  makeup torque changes beyond 25 kN.m: the slope is of the order of 24 kN/turn at the
start and it reduces above 25 kN.m to about 9 kN.m.turn, which self-limits the makeup

torque and precisely positions the abutments and sealing surfaces. By way of



unakeUp with a nomnal torque of over a m i num desired value for the pipe
~di mensi on under consideration (27 KNNm see Table 1). The sl ope dT/dN of

“th h of the 25 mak t m.the slo f
e SraE O SRl bR, BT YRRd Re OE R 6P
9 KN.mt wh ' mak d I t
Che abut men: deanacaEeRy FrysGa Pablt FEIRE e EC Lo eon, urve D in
Figure 13 rel at esn’t}% fsxl)rmelC é“ OE tﬁgg)aesgw %n\(yh%t[%\hrpbgr edaﬂd as,cf

relatively consta er o urn e connecti on of the

present | nVe;}&}igﬁorﬁgglel%%b%ﬁﬂ%‘f?&jesbrrbeﬁ HAHTRE onlmutYﬁr lations; the

enbodi nents descri here are non limtlng. n particular, the present

i nventionscan be QHSJ lf‘c‘ﬁla?%@ Fent 1§Jlent18ﬁ @zﬁﬂ%a E@ggl@qoconnectl on 100, a
mal e elenent 1 bein I sposed at t he end a first long netal pipe 101

and a femal e &£l giRRtard thRkLBH irmpafRd 08t a hﬁee é&ﬂerﬁfl BeingS@issuRdd hOHg At RE
102; and to a threaded and coupl ed connection 200 shown in Figure 14, in

whi ch two 10 | 8 st TBh@ mepl PRR llﬁland]eptbmaféoﬁﬂﬁfler&lmﬂelﬂ%ﬂﬁb@se@a@fl’ﬂdﬂ&ndlof i' at
the end are connected via a netal coupling 202 which is provided at each
of its ends witkecand &smlgpei@yent 2, 2', such a threaded and coupl ed
connection using two threaded connections 100, 100" of the invention. 20
CLAIMS 1. A tehr esditda clonadedt dndreohipled )cofmactibm@Obshavn i pesire t4nprvlschgva
male element (1) at the end of a first netal pipe screwed into a fenale
el ement (12) at idng mewl pgfesal®lecdHd avetpaisingi peanale redempentt el, el ‘enethe €ayd are
conprising an external male 5 tapered thread (3) with trapezoi dal threads
‘11 71, 31) congmiestiedyia aonatilagoksling Addvhichds |pseaded %trﬁacg P8 its7nds 3gsh and a
abbi ng fl ank 5, 75, 35 the thread wdth (13) at the pale thread
crest (17, 77, &g)aiq)@lpwgnq &, ek thrradedhanchep "dlt‘FPn"?chP)USH‘tg tethyesded of

t he malethread the_ femal e el e . conmprising an
connections 100, 100’ I}rehe mven)txo P 9



“internal tapered fermale thread (4) with tzompezoidal threads (12, 72, 32)

" wWith-10 a formwhich mates with the nale thread (3), the width of the

" thread crests (I 3, t 4) on each of tlze {rﬁ and femal e threads being
hi gher than that (I 6, 15) of the nati ead roots, characterized in

EEZLE&EE(E?' tzloelfr et osbeeieii1h ; ?))npoiﬁ&’é taﬁ%%‘%ﬁéﬁfpﬁﬁ%l%a@a e'ﬁ%«ye&ad
the ml'e threads (HLE Y ehgtf? ST ey %Eemahéle%?m ekt
16, 74, 76, 34, 363ff?tse%c¥n% %ngﬂ?rgﬁ)e {P}E]eth Sél% egtlthél’) éﬁﬂ rﬁ f%rﬁan ge an

axi al |nterference rea hrea S an Vi ce

versa, 2. 58 Lhreadeg. GRRRER! {9 hif a{e%leath@at%]@ggzﬂ 31 Q%ﬁﬁglf;gmgcﬁa' t hat

the 20 d| anetrica etween t sts “each

of the two male g{aglfifg%a% ﬂi?ﬂ(e(qgsn( 33) 4hd aehtbhe ﬂa'ﬁkf(%‘ 19053, &éahrea&) o;

the mating threa i's negative or zero when nmaekeup is conplete.

t hreaded connecti Qﬂidﬁﬁ%ey g the niale tita@idrrekt OI7, OV 2 INb2ing dda tizmit the ttzret viith hat
an axial clearance (x1, x2) of at least 0.15 nm subsists between the mated
thread 25 crests @iy atahé sostheh tlichmalevshrdakamies fefrials eleBento{2)t tremprisirgz an
threads cone into contact with their female mates (14, 16) during makeup.
4. A threaded conrigeinabeapaesio fehalgthreadof4aiwithl trapdraidat theedds €ii2,i 72, BEat withe

di ametrical interference between the thread crests (77, 80) of one of the
two 21 rmml e or fenfone thichaoates 3with pheanulet theeat I3 ) slak w@dﬁﬂmf(tﬁethré'@i)cr@ﬁsme
mating thread (4, 3) is positive at the end of connection nak

hreaded connect i dh3dcd@ndiasyof theanae anbleprlecthrgads baing higher @H&F@ét@e‘? |‘féd in

hat the angle S between the |oad flank (13, 14, 73, 74, 33, 34) and the 5
st abbi ng flank (1%f thg, mastng 3l@rea¢5oor$,6)2hasﬂct@rh@edrrm thapthe apale elamenéAdy iss 20

or less. 6. A threaded connection accordi ngf f) claimb, characterized .in
that the angle S i positioned by screwing into the female element (2) to a relative position of

these two elements located beyond that where, during makeup, the two flanks
15 (13, 15, 73, 75, 33, 35) of the male threads (11, 71, 31) come into contact with
the two flanks (14, 16, 74, 76, 34, 36) of the female threads (12, 72, 32) so as_
to induce an axial interference fit of the male threads by the female threads and
vice versa.
2. A threaded connection according to claim 1, characterized in that the
20 diametrical interference between the thread crests (17, 20) of each of the two
. male and female threads (3, 4) and the thread roots (18, 19) of the mating
thread (4, 3) is negative or zero when makeup is complete.
3. A threaded connection according to claim 1 or claim 2, characterized in that an
axial clearance (x1, x2) of at least 0.15 mm subsists between the mated thread
25 crests and roots when the two flanks (13, 15) of the male threads come into
contact with their female mates (14, 16) during makeup.
4. A threaded connection according to claim 1, characterized in that the

diametrical interference between the thread crests (77, 80) of one of the two



~in the range 7 to 20. 7. A threaded connezclti on according to any one of
claims 1 to 6, characterized in 10 that for each of the nale and fenal e
‘threads (3, 4) thendlbberehald @8éads (3 7) ardthe thread 8éhts BB, 79BYf the enidrimpgghiche
thread roots (19, 18, 79, 78, 37, 40) on the load flank side (13, 14, 73,
.74, 33, 34), the gng s payitireitieandel @nhemidnfhakeiqs and the normal to the
"connection axis being in the range 0 to -15. 8. A threaded connection
accordi ng tosany onehreddedl aminnsction taocording harray bee bf ddinisnl td 8, chaadcterizel emst
one of the male and/or female threads (3, 4) conprises a groove (61, 62)
opening into the tthatethd anglsd Ygcesdie e rflaak| (18r 14, gdr 7#0R30B4} kad ther ead
l'ength. 9. A threaded connection accordin g} to claim8, characterized in
that the fepth of stabhimgdflaskvds(E1 35629, 15 741 Ofrﬁ@tm@aeaifem%e thieadsHp Q¢ or
depth. 20 10. A threaded connection according to claim8 or claim?9,
characterized in st the width of the groove (61, 62) at its opening
|ntothethread cre ( nost .2/ 3_of the w dth, of the thread
measured at the tmﬁgaa@ﬁ&oa%%ﬁlﬂn 2GR T BT e lgﬁh%{éésaaglﬁg o
any one of clains.8 to 10, 0chaiegct erized in that the groove (61, 62) has a
profile in the shé‘bgjeo@“%ebté’ a profile in the 25 shape of a Vwith a

19, char act orf zed 4 Hreil et ROp FEchERe 1 AL hE P B i Lo tRleci e
compri se gt I east gop eald DBineSHIL A8 ke Brea RSN s BlcOAGRI g LY TG

(5) bhavi a subst'&ht L Al udi na orren a on an
|nterfer|ng W th [ f ‘%ﬁﬁ’ [ @(1§)79v¢3er37n§(+; H

‘onpl ete. A tﬁ?r rérgge 332?@&’?? gé@g?éﬁ%gﬂ?o any one’of’ cl )gdl’*pn%s esload 12,
haracteri Zed in ﬂta'aﬁfsm%qw of 7t3h¢4 nja.z,l 849Nfe henal®) sétwe@masd {ohd f?ahk§9ﬁ@“ se
at | east one bearing 5 surface (7, w'th a substantially transverse

orientation, at | Qﬁé;hor%h?tdrﬂﬂeezomhbﬁlgm§Uélﬁgﬁﬁ‘théﬁng@@lthlﬁbUt ted with a
fermal e beari ng surface (8) when
8. A threaded connection according to any one of claims 1 to 7, characterized in

15 that at least one of the male and/or female threads (3, 4) comprises a groove
(61, 62) opening into the thread crest (39, 38) over all or a portion of the
thread length. o

9. A threaded connection according to claim 8, characterized in that the depth of
the groove (61, 62) is at most equal to the thread depth.

20 10. A threaded connection according to claim 8 or claim 9, characterized in that
the width of the groove (61, 62) at its opening into the thread crest (39, 38) is
at most 2/3 of the width of the thread measured at the thread mid-depth.

11. A threaded connection according to any one of claims 8 to 10, characterized in
that the groove (61, 62) has a profile in the shape of a U or a profile in the

25 shape of a V with a rounded base.

12. A threaded connection according to any one of claims 1 to 11, characterized in

that each of the male and female elements (1, 2) comprise at least one sealing

surface (5, 6), each male sealing surface (5) having a substantially longitudinal



;nakeUp is conplete. 14. A threaded connecti on (100) according to any one of

" claims 1 to 13, characterized in that it conprises a male elenent (1)

-di sposed at the e%%gﬂiauén ahd rfagiraﬁ# 1At9ﬁ§h With PhReng %Qle%gll%lgmlee(g) Use

el ement (2) disposed at the en ond | ong netal pipe
. of two threaded CQﬂQﬁqﬁﬂgﬂﬁe lagoo ) accordlng to any one of clains 1
to 13 to connect two | ong tal pipes (101, 101') which conprise a male

el ement (1, 13) ata tHpeideddHnatkion acdBediag 16 BnPdieef d2MR) teh2¢ bharsctpridiisled
with a 15 fenale elenment (2, 2') at each of its ends.
that each of the male and female elements (1, 2) comprise at least one bearing
5 surface (7, 8) with a substantially transverse orientation, at least one male
bearing surface (7) being abutted with a female bearing surface (8) when
makeup is complete.
14. A threaded connection (100) according to any one of claims 1 to 13,
characterized in that it comprises a male element (1) disposed at the end of a
10 first long metal pipe (101) and a female element (2) disposed at the end of a
second long metal pipe (102).
. 15.  Use of two threaded connections (100, 100’) according to any one of claims 1
to 13 to connect two long metal pipes (101, 101.’) which comprise a male

element (1, 1°) at their end via a metal coupling (202) which is provided with a

15 female element (2, 2’) at each of its ends.



