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(57) Abstraet: Pipe iniepral threaded joint farmed by a male clement (1) and a female elemnent (2) respectively placed on the external
surface and on the internal snrface of two trancated cone-shaped parts of the threading (6, 7, 8, 9) having the same conicity valoe and
being mdially spaced, both being respactively divided by annular shoulders (5, 5°) which are parallel and orthogonal with respect to
the pipe axis. They are provided two sealing surfaces (12, 12°, 13, 13°), one of them being cone-shaped and the other being spherical.
Afier the screwing of the two elements (1, 2) said two annular shoulders (5, 5') are in contact. Bach male {1)and female (2) element
comprises, respectively along its external and imemnal sur{ace, a circumference cavity (14, 15) placed between a pan of the threading
and the annuolar shoalder (5, 5') in order to allow the expansion of the Jubricating fat.
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Field of the Invention

The present Invention concems a pipe integral threaded joint having reduced
diametrical dimensions, in particular for pipes empioyed in the gas or oll fields
exploit industry. Said pipes can be used both as ducts for pumping the gas or the
oil and as a coating for the wells.

Technical background

The natural gas and oil exploit Indush;y employs pipes having a fixed length which
must be connected to each other’s ehds in order to reach the huge depths where
hydrocarbon mines are generally located.

in the most commonly employed drilling technique, wells starting from the earth or
the sea surface are drilled in order to reach the oll or gas fleld. Sald wells can have
a depth of several thousands meters. During drilling, sald wells are coated inside
with metal pipes for their entire length. The segments of metal pipe, which have a
length of about 10 metres, are connected to each other by means of threaded
joints. Therefore, these plpes form a tubular line, having the same dlameter for Its
entire length but in the joints, whose external diameter is generally at least 1 Inch
(25, 4 mm) bigger than the one of the line.

In order to form a coating for the entire depth of the well several lines are used
having, due to mechanical resistance and to the geological characteristics of the
site, the smalier diameter the bigger is the depﬂ'l of the line, in order to form a

>
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varies according to the pressure and the flow of the flulds to be exiracted, the
deeper the weli, the bigger its diameter will be on the surface. As unfavourable
consequence of the aforesaid, the drilling cost is high and, furthermore, these well
coatings require a large amount of material, thus being very expensive. A smaller
well diameter also means shorter driling and coating times. Therefore, It Is
essential to minimize the well diameter and the coating plpe diameter with an
equal amount of extracted fiuids.

Once ended the drilling, inside the coated well It is inserted another tubular line,
which must pump the gas or the oil out of the underground ﬁelc_l. This line, which
follows the entire depth of the well and can therefore reach a length of, several
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thousands metres, is also formed by connecting pipes having a length of about 10
metres by means of the aforesaid joints. Usually, also this second kind of line has
the same diameter for lts entire length but in the joints, whose extemal dlameter is
generally bigger, as It happens In the previous case.

In both the aforesaid cases, the pipes are connected by means of threaded joints,
which can be integral, and in this case an end of the pipe has a male threading
and the other has a female threading, or can be of a coupling type, and in this
case both ends of the pipe have a male threading, being connected by means of a
female threaded coupling on both sidas. Usually, the presence of the joint Involves
an increase of the external diameter of the line where the joints are; the bigger the
external diameter of the joint if compared to the pipe, the bigger are the general
dimenslons of the line and the bore. i

After the oll companiles have required to minimize the oll and gas mining costs,
remarkable efforis were carried out In order to reduce the diameter of the welis
and therefore the diameter of the pipes.

In order to reduce the external diameter of the line and therefore the drilling costs
and the amount of required material, they are used threaded joints having reduced
diametrical dimensions, which can be divided Into three different types, according
to the performance required and o the maximum dimensions allowed. A first type,
which is often called "semi-flush®, Is a coupling joint whose extemal diameter does
not exceed over 8% the pipe extemal diameter. A second type, usually called

the pipe external diameter. A last type, called “flush®, is an integral joint whose
external diameter corresponds to the pipe external diameter.

The choice among the different types of joints depends on the load on the plpe
line, the pressure acting intemally and/or externally, its length and its meximum
diametrical dimensions allowed with regard to the dlameter of the well.

If the Joint diameter is reduced it s necessary to find new solutions able to
compeneate for the lower structural resistance. In fact, in the parts close to the
joints the efficacy I8 necessarily less than in the pipe, because the structural
elements such as the threading, the seals and the shoulders are placed In the
thickness of the pipe wall and this involves a reduced section In the critical parts of

jnaar:ﬂush!.Js.an.intagraLjolnt_whose.e:demaLdIamatar_is.abmn-z-a%-laruar—ﬂaan-——————
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the male_or female element.  __ .
A minimization of the pipe bresking causes s essential because said breaks,
above all after the pipes have been lald in the underground, and it is therefore
nearly impossible for the operators to replace a broken joint, can have extremely
serious economical consequences and can cause environmental problems,
particularly if the oll or gas field contains aggressive elements.

Therefore, in the past much has been done to improve Joints and to reach an
optimal efficacy level, balancing the different needs, which are sometimes In
contrast among them, of minimum dimensions, maximum structural resistance and
tightness against the output and/or input-of the fluids. ‘In fact, the pipes undergo
several forces, namely compression, traction, flexion and the pressure produced
by external flulds and/or by flulds circulating inside the pipes.

The joints must also have an optimal resistance to screwing and selzing.

Structural and sealing problems are often worsened by the fiuld temperature, by
their corrosiveness or by the environmental conditions of the digging areas.

in the past several solutions have been proposed in order to satisfy the aforesaid
conditions.

The intemational patent application WO-A-83/18329 concems a joint with reduced
diametrical dimensions having a central shoulder. Said shoulder is provided, both
on the male alement and on the female element, with a projection and a cavity
which are parallel to the plpe axis, having homologous surfaces to be coupled in
order to block the two joint elements. On the shoulder projections two sealing
surfaces are provided. The shoulder divides two radially offset threading parts,
which are cone-shaped or cone-shaped and cylindrical.

This joint Is very efficient, but has a particularly complex structure Involving very
high production costs.

The European patent application EP-A-767335 concems & joint with reduced
dlametrical dimensions provided with a central shoulder and two metal seals
placed on the end of the male and the female elements. The shoulder divides two
radlally offset threading parts which are cone-shaped and cylindrical.

This joint's structure is simpler than the previous one, but it is always relatively
complex because of the cone-shaped, cylindrical threading. Furthermors, the two
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seals at the ends of the joints hermetically seal its Inside, thus pressurizing the
lubricating fat for the screwing, with possible negative effects on the joint tighiness.
Summary of the Invention

A first object of the present Invention is to overcome the aforesaid drawbacks of
the prior art joints by means of a new “near-flush® joint which, though having the
same dimensions of the prior art joints, does not involve the aforesald problems.

It Is a particular object of the present invention to provide for an integral joint
having reduced dlametrical dimensions and lower production costs, though
ensuring high resistance and operational tightness.

A further object of the present invention is to provide an embodiment of this joint
which simplifies its installation.

These obj'octs are achieved by a pipe integral joint which, according to claim 1,
comprises a male element whose external surface is provided with two radially
spaced, truncated cone-shaped threaded portions, sald two portions-being divided
by a first annular shoulder lying on a plane orthogonal to the pipe axis and a
female element whose Intemal surface is provided with two radially spaced,-
truncated cone-shaped threaded portions, said two portions being divided by a
second annular shoulder lying on a plane orthogonal to the pipe axis, each of said
male and female elements being provided with two sealing surfaces respectively
placed on the opposite ends with respect to the threaded portions, said respective
two threaded portions being able to mutually and reversibly screw one Inside the
other in order to produce a contact between sald two annular shoulders,
characterized in that the comesponding two threaded portions of each male and
female element have the same coniclty value and in that a first one of sald

" respective two sealing surfaces of said male and female elements has a conical

and a second one has a spherical shaps.

Thanks to this embodiment, the joint allows an easy installation of the plpe line,
with a reduced risk of damage of the joints, though ensuring an optimal resistance
of the pipe line at the joints.

Preferred embodiments of the present invention are described in detall In the
dependent claims. ' -
BRIEF DESCRIPTION OF THE DRAWINGS
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~ “Further feafures and advantages of the present invention will become apparent by
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means of the following detailed description of a preferred but not exclusive
embodiment of an Integral joint, given as a non limitative example, with reference
to the following drawings, wherein:

Figure 1 shows a cross-section along an axial plane of the joint according to the
invention, with the two elements in a detached position;

Figure 2 shows the Joint of figure 1 with the two elements in an assembled
position;

Figure 3 shows an enlarged view of a detail of the joint threading of figure 1;
Figure 4 shows & cross-section along an axial plane of another embodiment of the
joint according to the invention, with the two elements in a detached position;
Figure 5 shows the joint of figure 4 with the two elements in an assembled
position.

Detalled description of the Invention

With a reference to the aforesaid figures, the joint according to the present
invention comprises two elements or pipes, namely the male element 1 and the
female element 2. The joint is formed by an intemal part 20 wherein the fluids flow,
for example natural gas or oil or another analogous fluid under pressure, and an
extemal part 30 which can also be filled with different fluids or liquids, usually also
pressurized. The external diameter 3 of plpe 2 In the joint area having the
maximum diameter with a dimension D’ Is slightly larger than the external diameter
4 of pipe 2 in the central area far away from the joInt, with a dimension D". The two
aforesaid pipe.areas having different diameters 3 and 4 are connected in a gradual
way. Dimension D’ Is larger than dimension D" of a value equal to or smaller than
3%.

The female element 2 of the joint has an intemal threading divided into two
portions, or steps, 8 and 8 with a conical generatrix at an angle to the pipe axis.
Sald two paris 8 and 9 are radially offset and the threading can be perfect for its
entlre length or can have an imperfect portion. Sald embodiment ls shown in
figures 1 and 2,

In another embodiment of the present Invention shown in figures 4 and 5, the
threading portions 7 and 8 can respectively have ends with an imperfect threading.
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Sald fwo portions 8 and 9 havé tfie same conicity, with values comprised between
6.25 and 12.5%. This range tumed out to be optimal, because on the one hand
lower values would invoive too long threadings and a difficult coupling, and on the
other end higher values would involve a reduced number of teeth and therefore an
insufficient bearing capacity of the threading.

In the connecting area between the threaded part and the intemal surface of the
pipe, away from the joint, the female element is provided with an area 12" having a
cone-shaped surface with respect to the pipe axis. The conicity of this surface Is
comprised between 12.5% and 25% In order to ensure a good tightness with the
corresponding contacting surface of the male element, thus reducing the sliding
tlr'na during the screwing step.

This range tumed out to be optimal with respect to the threading conicity value and
was able to reduce the negative influence of traction loads. In the connecting area
between the two threaded portions 8, 9, the female element s provided with a
shoulder 5° substantlally lying on a perpendicular plane with respect to the joint
axis, whose area is not less than 25% of the area of the section of the pipe.
Between the shoulder 5° and the beginning of the threaded part 8 there is provided
a cavity 15 which extends along the whole intemal circumference of the female
element 2. The cavity ensures an expansion tank for the fat used to lubricate the
joint, which Is present in the two threaded portions 8, 9 and is entrained by the
push generated by the sliding of the elements 1 and 2 during the screwing. Sald
solution limits the development of an excessive fat pressure, caused by the
presence of a double metal seal at the ends of the joint, with a following reduced
stress of the joint.

At its end the female element 2 is provided with a spherical surface 13" which,
contacting a cone-shaped area 13" which It faces after its screwing with the male
element 1, ensures the tightness of the joint to the external pressure.

The threading tooth profile is of the “hooked™ type, with a loading flank 10 having a
negative a angle with values comprised between 0 and ~10° and an entering fiank
11 having a positive B angle with values comprised between 10 and 30°. These
ranges of values have remarkable advantages though malntalnlng' an easy
installation of the joint. A loading flank with negative angle allows an efficient
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-— —coupling-of_the_two elements of the joint and reduces the danger of a possible
withdrawal of the joint because of too high traction loads. An entering flank with
positive but not too large angle allows an efficient co-operation of the threading to
the resistance to comprassion loads.

5 In the area of the extemal surface close to the threaded portion of the female
element, the male element 1 is provided with a threading placed in a perfectly
reciprocal way, having portions shaped in an exactly analogous way with respect
to said threading portion of the female element.

The element 1 is provided with two threaded portions 6, 7 separated by a shoulder

10 & and by a circumference cavity 14, between said shoulder 5' and the beginning
of the threaded portion 7. The presenca of the two fat expansion cavities 14 and
15 allows to limit the pressure increase of the fat after the screwing of the joint,
thus avoiding an excessive stress on the joint and improving its functionality.

The connecting area between the external surface of element 1 and the beginning

15 of the threaded portion 7 has a cone-shaped surface 13’ with a conicity comprised
between 12.5 and 25%. This surface exerts pressure agalnst the surface 13" after
the screwing of the Joint and the dimensions and tolerances are selected so that
the metal-metal contact guarantees the necessary tightness to avold the entering
of the liquid or fluid under pressure outside the joint.

20 Analogously, at its end, the male element 1 has a spherical surface 12’ which,

_ after the screwing with the female element 2, exerts pressure adainst the conical
surface 12’ of said female element. Also in this second area a pressure Is
generéted by the metalmetal contact between the two elements which ensures
the necessary tightness against the pressure of the fluid inside the pipe. The

25 choice of two areas at the ends of the joint where metal seals are provided which
have, respectively, corresponding spherical and conlcal surfaces, according to the
invention, makes the Joint less sensitive to pressure loads and tumed out to be
optimal for thin pipes. In fact, considering the sfimness of the ends provided with
the sealing surfaces 12' and 13', the pressure, respectively intemal or external to

30 the pipe, acting on the aforesald ends easlly causes their bending. Therefore, a
spherical seallng surface is able to keep an ptimal contact, unlike a truncated
cone-shaped seal, which, In this case, because of the rotation imposed by the
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The shape of the thread of the male slement 1 Is the same as the aforesaid one of
the female element 2. Advantageously, the thread has a perfect profile.

In the other embodiment according to the present invention and shown in figures 4
and 5, an end of one or two of both threaded portions 6, 7 of the male slement, for
example the area 6’ close to the shoulder 5', can have a thread with an imperfect
profile. The comesponding part 8 of the female element on the side of the shoulder
§" facing area 6" has a perfect threading. The area 8' at the end of the threaded
portion 8 axially opposite to the area €', namely the one close to the sealing
surface 12", also has a thread with an imperfect profile. However, this area can
also be provided with a perfect thread.

The same kind of proceeding can also be applied to the threaded portions 7 and 9,
whereln portion 7 Is provided with a perfect thread on the side of shoulder 5’ and
part 9 I8 provided with an area 9' having an Imperfect thread on the side of
shoulder 5°. In combination or altematively to this embodiment, aiso part 7 can be
provided with an area 7’ having an imperfect thread on the side of the sealing
surface 13' and part 8 can be provided with a perfect thread on the side of the
sealing surface 13". T K

From the aforesald it is clear which are the advantages of the joint according to the
present invention, which, though having diametrical dimensions smaller than those
of the “semi-flush® type of the prior art and only slightly larger than those of the
“flush® type, ensures optimal performances and working efficiency.
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CLAIMS™ " —

1. Plpe Integral threaded joint comprising a male element (1) provided on its
extemal surface with two radially spaced, truncated cone-shaped threaded
portions (8, 7), said two portions (6, 7) being divided by a first annular shouider (5')
lying on a plane orthogonal to the pipe axis and a female element (2) provided on
its intemal surface with two radially spaced, truncated cone-shaped threaded
portions (8, 9), said two portions being divided by a second annular shoulder {5")
lying on a plane orthogonal to the pipe axis, each of sald male (1) and female (2)
elements being provided with two sealing surfaces (12', 13", 12°, 13") respectively
placed at axial ends which are opposite to the corresponding threaded portions (6,
7. 8, 9), said corresponding two threaded portions (8, 7, 8, 9) being able to screw
mutually and reversibly one Inside the other in order to produce a contact between
sald two annular shoulders (5, 5%), characterized in that the respective two
threaded portions (8, 7, 8, 9) of each male (1) and female element (2) have the
same conicity value and in thet a first one of sald respective two sealing surfaces
(12', 13', 12°, 13") of sald male and female elements has a conical shape and a
second one has a spherical shape.

2. Joint according to claim 1, characterized in that at least one of said male (1) and
female (2) elements comprises along its entire surface a circumference cavily (14,

.15) between one of said two threading parts and the comresponding annular

shoulder (5", 57), sald cavity (14, 15) being adapted to recsive the expansion of the
lubricating fat of the joint.

3. Joint according fo claim 2, characterized in that each of sald male (1) and
female (2) elements comprises along its entire surface sald circumference cavity
(14, 15), placed between one of said two threaded portions and the comesponding
annular shoulder (5', 5").

4. Joint according to claim 3, characterized in that the dimension (D’) of the
external diameter (3) of said female element (2) at the joint Is larger than the
dimension (D") of the external dlameter (4) of the same female element (2) of a
value equal to or smaller than 3%. ]

5. Joint according to claim 4, characterized in that sald corresponding two
threaded portions (8, 7, 8, 9) of said male (1) and female (2) elements each have
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the same conicity value, comprised between 6.25 and 12.5%.

6. Joint according to claim 5, characterized In that said comesponding conical
sealing surfaces (13’, 12°) of said male (1) and female (2) elements have a
conicity value comprised between 12.5% and 25%.

7. Joint according to claim 6, characterized in that the profile of the threading tooth
has a loading flank (10) with a negative (cc) angle and an entering flank (11) with a

positive (B) angle.

8. Joint according to claim 8, characterized in that said negative (¢} angie has a
value comprised between 0 and —-10° and said posltive (B) angle has a value
comprised betwean 10 and 30°.

9. Joint according to claim 8, characterized in that sald comesponding two
threaded portions (6, 7, 8, 9) of each of the male (1) and female (2) elements is -
provided with a perfect thread for its entire length.

10. Joint according to claim 8, characterized in that at least one of said two
threaded portions (6, 7, 8, 9) of at least one of the male (1) or female (2) elements
is provided with a first end (6', 7°) with an imperfect thread.

11. Joint according to claim 10, characterized in thiat the corregponding threaded
portion of the other of sald at least one of male (1) and female (2) elements Is also
provided with a second area (8, 9') having an imperfect thread placed at the
axially opposite end with respect to sald first end.



(9z 31NY) 133HS AunLULSANS

20
FIG. 1
30
7z ik
‘\\(\“\ﬁ\\ -

FIG, 2

BLL e
T

77

le«

S1L90/70 OM

88180/1043/1Dd

XX



12

WO 0206718

PCT/EP01/08188

212

SUBSTITUTE SHEET (RULE 28)



v [
INTERNATI NAL SEARCHREP RT In T mal Applicstion No ?‘
Fvi,oP 01/08188
107 FloLiBz00 FleL1s/04
mjmmwmumm nafional classificaiion and IPC
B. RELDS BEARCHED
Minimum documenialion searched (clossificalian sysiam loliowed by cassificalion symbols)
IPC 7 F16L
Documenistion saarched other than minkmm docimaniaiion 1o the axent fhat such documents are inciuded In the flside searched
Elsclronic daia base consullad during the intlemational sassch (name of daia bass snd, whane practicel, sesrch tenms usad)
EPO-Internal, WPI Data, PAJ
€. DOCUMENTS COMSDERED TO RE RELEVANT
Category ® | Clallon of documani, with indication, wheve approprisie, of the misvant passages Ralsvant to claim No.
Y US 5 462 315 A (KLEMENTICH ERICH F) 1-11
31 October 1995 (1995-10-31)
cited 1in the application
column 26, Tine 16 - 1ine 47
figures 1,2,6C
Y US 3 870 351 A (MATSUKI NORIO) 1-11
11 March 1975 (1975-03-11)
figures 1,2
A EP 0 767 335 A (VALLOUREC OIL & GAS, 1-11
SUMITOMD METAL IND (JP))
9 April 1997 (1997-04-09)
cited in the application
figures 1,3
-f—
m Furthet documants ave listed in the continaation of bex G E Patent tamily mesmbars we lslad In swex.
“p . e " i ek pt o e it e
E* exdler documant but published afierthe intemational
L e e ey e B EER g o T e
w“dh:ﬂmwﬂ'md v mu’mwnmmmm stop when the
*0r docomant relarming to an oral diaciosure, usa, exhibiion or documinl s combined with one or mom other auch docu-
ofhar maans ments, such combinafion being abviows o & penson aldind
*P* documeni published prior o the inlsmational fiiag diia but inthe arl
inlar than the priorly dele claimed 4 dooumemt member of the sams pulant family
Dale of the achsl compigtion of the nismalional sesrch Dale of maliing of the inlemadional asarch mport
10 December 2001 20/12/2001
Nama and malling aciiress of the ISA Authortmd officer
Europaan Paisni Olffios, P B. 5818 Paiantiaan 2
Tel (131270, 300240, Te. 31 651 epoi,
Fax: (+81-70) 340-3016 Schroeder, R

Fosm POTASNZT0 (smoond shest) Luly 1962)



INTERNATI NAL SEARCH REP RT laly  nel AppBcation No
PCI/EP 01/08188

C.{Comtinuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Cxiegory ® | Challon of documani, with incication, whars appropriata, of the relsvanl pastages Raisvani 10 clalm No.
A US 4 676 529 A (MCDONALD PATRICK E) 1,2,6,9
30 June 1987 (1987-06-30)
figures 1,2
A EP 0 916 883 A (SUMITOMO METAL IND) 5,6

19 May 1999 (1999-05-19)
figures 1B,,3; table 3

Fasm FCTASA/R10 {sundimuation of sscanl sheet] {huly 1068)



INTERNAT] NAL SEARCH REPORT

it onal Appliostion No
Pc1/EP 01/08188

Patent document Publication Patent tamlly Pubdication
cliad in saarch report date mamber{s) daie
US 5462315 A 31-10-1995 US 5415442 A 16-05-1995
AU 3773993 A 05-10-1993
BR 9306070 A 13-01-1998
CA 2131821 Al 16-09-1993
DE 69318398 D1 10-06-1998
DE 69318398 T2 19-11-1998
EP 0630455 Al 28-12-1994
JP 7504483 T 18-05-1995
MX 9301068 Al 31-01-1994
S6 59985 Al 22-02-1999
WO 9318329 Al 16-09-1993
US 3870351 A 11-03-1975 JP 889402 C 30-11-1977
) JP 48099716 A 17-12-1973
JP 52011765 B 02-04-1977
AR 218594 Al 30-06-1980
BE 797579 Al 16-07-1973
CA 977005 Al 28-10-1975
CsS 179983 B2 30-12-1977
DE 2316060 Al 18-10-1973
FR 2178948 Al 16-11-1973
6B 1398959 A 25-06-1975
IT 981774 B 10-10-1974
NL 7304377 A ,B 02-10-1973
SU 568380 A3 05-08-1977
EP 0767335 A 09-04-1997 US 5687999 A 18-11-1997
AT 202624 T 15-07-2001
BR 9603988 A 09-06-1998
CA 2185251 Al 04-04-1997
CN 1155639 A ;B 30-07-1997
DE 69613530 D1 02-08-2001
DK 767335 T3 15-10-2001
EP 0767335 Al 09-04-1997
ES 2160787 13 16~11-2001
JP 9126366 A 13-05-1997
NO 963941 A 04-04-1997
56 47175 Al 20-03-1998
US 4676529 A 30-06-1987 NONE
EP 0916883 A 19-05-1999 W0 9854501 Al 03-12-1998
Us 6045165 A 04-04-2000
EP 0916883 Al 19-05-1999

Fown PCTASAZNO jpatent tarnily srvm) (Aly 1062)



-:-‘"-%_-'j -

United States Patent 19
Matsukl

&

nn 3,870,351
[45] Mar. 11, 1975

[54] THREADED TUBE JOINT STRUCTURE FOR
CASING, PARTICULARLY OIL WELL
TUBING

[75] Inventor: Norio Matsuki, Osaks, Japan

[73] Assignee: Sumitomno Metal Industries Limited,
Osaka, Japan

[22]) Filed: Mar. M, 1973
[21] Appl. No.: 346,302

[30]  Forelgn Application Pricrity Data
Mar. 31, 1972 JUpD.....coscvnnemnsnenees .. 47/32953
[E7 IR VE- B » — 285/334, 2851351, 403/343
(FR DI [T o R—— E21b 17/08, F16t 15/00
[58] Field of Search............ 2857333, 334, 351, 355,
285/DIG. 10, 332.2; 403/343

156} Rederences Ched
UNITED STATES PATENTS

2258066 10/194]1 OyeN..cmeicieinsaniens 285334 X
1893,759 /1939 Blose 285334
2992,019 71961
3.024.047
3467413

MacArthur ......cceceneeas 285/334 X
3/1962 Schmohbl.................... 283/DIG. 10
errenmasennnee 2853322

91969 Madrelie..........

FOREIGN PATENTS OR APPLICATIONS -

663403  5/1964 luly 2857334
1,220856 1/1971 Great Britain .......cccouecovecene. 285/334

Primary Examiner—Werner H. Schroeder

_ Assistant Examiner—Moshe 1. Cohen

Attorney, Agent, or Firm—Watson, Cole, Grindle &
Watson

[57] ABSTRACT

A threaded tube joint structure for casing, particularly.
oil well tubing, which is more perfact m the sealing
performance than any other joint. This sealing per-
formance B oblained whith a fimt metal-to-metal
contact seal between the outer surface of a lip of a
male threaded member and a corresponding inner sur-
face of a female threaded member and a second met-
al-to-metal contact seal between the end face of the
lip and a corresponding face of the female threaded
member. Thias structure permits the realization of the
intended alignment of the reference axes of the abut-

ting faces of the second seal because these faces resint -

deviation from their fixed positions relative to each
other.

7 Clalms, 8 Drawing Figures
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THREADED TUBE JOINT STRUCTURE FOR
CASING, PARTICULARLY OIL WELL TUBING

This invention relates to threaded connections for tu-
bular products such as are extensively used in the oil
and gas industry in connection with the exploitation of
underground deposits of natural resources such as oil
and gas.

The conditions under which tubing is used and the
requirements of such tubing have been getting progres-
sively severe through the years. Natural oil and gas
wells currently being driven have extended to depths in
excess of 5,000 meters. The type of the thread of tubu-
lar products employed for such wells has undergone
changes through many years and various new types of
threaded joints have been proposed and actually used.
It will be understood that In a string of tubing extending
to a depth in excess of 5,000 meters, the uppermost
tube joint must withstand the total weight of the tubing
even through no extemsl force is exerted and the tub-
ing is simply suspended. Since the ordinary tubing com-
monly used today weighs from 6 to 50 kilograms per
one meter of the tubing length, the tremendous loads
which must be carried by the threads will be appreci-
ated. If the tubing is also used for the purpose of drilling
the well, the coupling must be able to withstand high
torque load in addition to the tensile load.

One difficulty encountered with tubing is that when
it is subjected to a great axial tension load, the coupling
between mating threaded elements tends to0 become
loose, adversely affecting the leak-tight property of the
coupling. Therefore, improvements in connection with
the serl of threaded tube joints have been desired.

[t has been known and is disciosed, for instance, in
U.S. Pat. No. 3,210,096 and U.S. Pat. No. 3,224,799 to
seal ogainst leakage between mating threaded ele-
ments, i.e., through the threaded tube joint, by provid-
ing upon make-up of the coupling a metal-to-metal seal
with interfitting or interengaging faces of male and fe-
male threaded elements of the coupling. In this joimt
structure, the end face of the end portion {or lip) of the
male or female threaded element constitutes the metal-
to-metal seal line in 3 plane normal to the normal tub-
ing axis, with the mating face of the latter element serv-
ing as a stop shoulder to prevent excessive make-up. It
is also known and disclossd, for instance, in British Ps-
tent specification No. 1,220,856, U.S. Pat. No.
3,489,437, U.S. Pat. No. 3,339,013 and LS. Pat. No.
3,050,318 to make the end face of the male element a
concave frusto-conical surface including the tubing
axis and the mating face of the female element a con-
vex frusio-conical surface so that the convex face of the
female element acts to enjarge the concave face of the
mele member depending upon the magnitude of the
make-up {orce. Further, it is known and disclosed, for
instance, in US. Pat. No. 2,992,019 and British Patent
specification No. 1,220,856 to form upon make-up of
the joint a metal-to-metal seal between a conical pin
surface of the lip of 2 male threaded member and the
comesponding conical box surface of a female member,
cither one of the interengaging surfaces having a
straight profile and the other having an arcuste profile.

However, in these known threaded joint structures
the end face of the male threaded member and the mat-
ing face of the female threaded member either lie in a
plane normal to the tubing axis or in & conical surface
inciuding the tubing azis. Therefore, the contact pres-

BNSDOCID: <US__3870051A1_| »

L]

2

sure obtainable by interengaging these surfaces is rela-
tively low and tends 1o be insufficient even if these sur-
faces are urged against each other with a very strong
make-up force because the contact obtainable is no

5 other than an arca contact. Such low contact pressure

at the end of the male threaded member is insufficient
to seal against leakage of fluid. Alsa, it is hardly ex-
pected to obtain the designed alignment of the end face
of the male thrended member and the mating face of

10 the female threaded member by the mere make-up of

the joint. Since uniform sealing pressure over the mei-
al-to-metal seal is not ensured and nonuniform distribu-
tion of the sealing pressure it anticipated, it is very
likely that leakage will occur in a Jow sealing presaure

13 20ne. It is also well known in the art that in order to en-

sure leakage-tightness against oil and natural gas with
a threaded coupling provided with. a metal-to-metal
seal, it is necessary to have a uniform sealing pressure
over the entire seal line and that the sealing pressure

20 ghould be higher than the pressure of the fluid to be

scaled against. Thus, it is very important that the seal-
ing pressure is uniform over the entire seal line and suf-
ficiently high. Further, an excessively high Jocal sealing
pressure is undesirable because it is prone to cause sei-

25 zure of metal surfaces due o friction, thus leading to

leakage. Accordingly, it is desired to be sble to correct
circumferential distribution of the sealing pressure a0
aa to render it uniform. If this can be done, a most ef-
fective seal both with respect to the prevention of sei-

30 zyre and to the fluid-tightness can be obtained.

With the above considerations in mind, in the present
invention a particulur importance is attached to the co-
action of the end face of the male threaded member
and mating face of the female threaded member and to

33 the shape or profile of the metal-to-metal contact sur-

faces.

In accordance with the invention, a first metal-to.
metal contact seal is formed upon maeke-up of the joint
between an outer surface of a thread-free end portion

@ o lip of the male threaded member and » correspond-

ing inner surface of the female threaded member, the
outer surface of the lip extending forwardly of the for-
ward end of the thread and being subatantially spheri-
cal or having a substantially arcuate profile and the cor-
responding inner surface of the female threaded mem-
ber having a siraight or convex profile. At the same
time, a second metal-to-metal contact seal is formed
hetween the end face of the lip of the male member and
a comresponding face of the female member, the end

30 fuce of the lip substantially having a profile of a convex

or concave surface of revolution and the corresponding
face of the female member having a profile substan-
tially complementary to that of the mating end face of
the male mamber so that an extremely high contact
premure is developed ut the end of the make-up by vir-
tue of the principles of the contact between conves and
concave surfaces. In addition, the accomplishment of
the intended alignment of the reference axes of the in-

o ‘erengaging surfaces it facilitated because those sur-

facos substantially have the nature of surfaces of revo-
lution and accordingly resist deviation from their fixed
positions relative to each other, which usefully affects
the afore-mentioned first seal, that ix the seal between

s the outer surface of the lip of the male member, and the

corresponding inner surface of the female member, by
reducing the flexure of the lip toward the tubing axis,
‘This has the effect of redistributing and equalizing the
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- sealing pressure over the sealing arca of the first seal.

It will be understood from the afore-mentioned prin-
ciples in the make-up of the threaded coupling that the
roles of the end face of the male threaded member and
the corresponding face of the femalke member are very
important.

One of the roles that is impurtant is ta cnsure uniform
and high contact pressure (as mdicated at 22 in F1G. 3)
of the metal-to-meta! comact a1 the end face of the
male member. To this end. thin contact should be
nearly a line contact. Sccondiy, the hp 11 of the male
member should be tough and not flex inwardly or
buckle even il the makve-up e hecomes excessive.
Thirdly, upon the steiking of thwe cnd face of the male
member against the manng tace uf the female member
the scaling pressure of the alicady formed first seal
shouid not be reduced not its uniformity disturbed, In-
stead, it ia desirable thal the wahing pressure is in-
creased and its unifomuty n~ mprosed. The mating
faces that can mcel the abene requirgments must be
convex and concave surfaces oof wwvualution.

FIG. 1 is a sectional view ~howing principally a left
haif of a tube joint for explaring an embodiment of the
present invention.

FIG. 2 is an enlarped scctional vicw of 2 portion en-
circled with the dotted bine n FIG L.

FIGS. ), 4 end § arc. tesperInels, views for explain-
ing the action of the sl prowsute at the time of making
up a coupling.

FIGS. 6, 7 and 8 arc respeviinely enlarged sectional
views, each showing a dJditerent embodiment of the
present invention and corresponding 1o FIG. 2.

As is most clearly shown i FKy 2. the thread of the
coupling 7 terminates in a non-thicaded tapered sur-
face, which corers an avial dimenssen corresponding to
2 ta 3 times the thread piich, has the same taper as the
thread and terminates in turn in o shoulder 6, which is
adapted to cngape with the ond tace § of the male
threaded member ¢n thic other hand, the threaded
portion of thc male thicaded member | terminates at
ita forward end in a hip pottion 1, wiuch also covers an
axial dimension corresponding 1+ 2 10 3 times the
thread pitch. Frum the pround o« will be described
hereinafter, the outer surface of twe hp 11 has an grcu-
ate profile with a relatinch large sadios of curvature R,.
As is also shown in the same Fegure, the end face of the
male threaded member having the male thread 2 has 2
convex arcuate profike with the radius of curvature Ry,
and the muting shoulder lace ® of the coupling 7, or fe-
male threaded member hasing the female thread 3, haa
a concave arcuate profile with a radis of curvature Ry
The centers of the conmves and concave surfaces with
respective radii Ry and R, arc lucated at suitable posi-
tions within the male threaded member. In the case of
the FIG. 2 structure, the center of the convex surface
of R, is positioned below that of the concave surface of
R, snd R, is preferably no greater than Ra.

The outer surface 9 of the hp 11 of the tubing section
1 and the inner taper surface 4 of the coupling 7, both
of which approach cach other as the male threaded
member and femule threaded member are interth-
readed by the make-up, arc adapted 1o be brought into
metal-to-metz] conact with each other before the end
face 5§ of the male threaded member is seated in the
mating shoulder face 6 of the female threaded member.
To this end, the outer surface 9 of the lip is made spher-
ical with the radius R, such that its crown is Jocated at
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A position about midway between the forward end of
the male thread and the end of the male threaded mem-
ber. In this manner, a metal-to-metal contact is first
brought about between the thread-free pin and box sur-
faces 9 end 4, and then a second metal-tn-metal
contact is produced between the end face § of the male
threaded member and the mating shoulder face 6 of the
female threaded member. With further make-up, the
metal-to-metnl sealing pressure builds up at a suddenly
increased rate, and the sudden increase of the make-up
torque can be detected by a torque gauge to automati.
cilly stop the make-up openttion upon reaching of s
predetermined make-up torque, thereby preventing the
buckling and plastic deformation of the lip 11.

In the novel joint structure according to the inven-
tion, the pitch line 13 of the male threaded member
and the pitch line 16 of the female threaded member
are perfectly aligned by the application of the make-up
force virtue of abutting convex and concave surfaces
substantia]ly having the nature of a surface of revolu-
tion to prevent deviation from the fixed relative posi-
tion, so that a firm and powerful metal-to-metal contact
between these surfaces 5 and 6 can be ensured. In par-
ticular, by sctting R, to be equal to or amaller than R,
a circular line contact can be ensured between these
contact surfaces, so that a metal-to-metal seal of an ex-
traordinarily high sealing pressure, can be obtained.
Generally, R, and R, are suitably 1.0 to 2.5 times the
thickness Te of the end of the male threaded member,
and R, is suitably 50 to 300 millimeters. With such val-
ues, the second seal, that is, seal 22 at the end of the
male threaded member, can be formed as shown in
FI1G. 3. Further, with a convex or concave surface of
revolution at the end face of the lip 5, the lip can with-
stand excessive make-up forces and will not flex toward
the tubing axis (downwardly in connection with FIG. 3)
to lose the metal-to-metal seal effect.

Furthermore, the end face of the male threaded
member receives reaction force from the mating face
of the female threaded member, and this is effective ia
corracting the nonuniformity of the sealing pressure
distribution in the main seal due to machining errors,
80 that it is possible to obtain & threaded tube joint of
& double seal structure having a firmer and more uni-
form seal. To discuas this respect in more detail, the
cutting of the thread and the machining of the seal sur-
face are usnally done with different tools. Therefore,
there can be more or less discrepancy between the azis
of the thread and the axis of the seal surface. The ec-
centricity between the thread pitch plane 31 and seal
surface pitch plane 32 results in nonuniformity of the
scal pressure distribution as shown in FIG. 4, which
shows an extreme example. In this case, the effective
sealing pressure is the minimum contact pressure P g,
The inner surfaces 4 and 6 of the female member, how-
ever, are ofien machined with the same 100l because of
their inferior processibility. In such case, it is easy to
obtain good alignment of the axes of the thread pitch
plane and seal surface pitch plane. Accordingly, the
powerful forced contact between the faces 5 and 6 of
the male and female members due to the make-iap
causes automatic displacement of the end § of the male
member, for instance in the direction of the arrows in
FIG. 8, thus incressing the relatively low sealing pres-
sure over the area indicated at 9’ and 4’ and reducing
relatively high sealing pressures over an opposite ares
az indicated ot 9" and 4”. In this way, the non-
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5
uniformity of the sealing pressure-distribution as indi-
cated at 33 in FIG. 4 can be automatically corrected,
and uniform distribution of-the sealing pressure can be
ensured.

Still further, by forming 8 seal film with a thickness
of 0.1 to 0.3 millimeter (100 o0 300 microns) on the
male member end face 5 or female member shaulder
face 6 by applying thereto liquid resin such as tetre-
fluroethylene by means of apraying or with a suitable
brush and heating the coating with an infrared heater
or other heater to a temperature of 600 80°C for a
short time, both metal-to-metal contact and metal-to-
resin contact can be formed between the faces § and 6,
thereby increasing the seal area and hence rendering
the sesal effect more perfect.

FIG. 6 shows another embodiment, which is appli-
able where the tubing section 1 has a thickness of 8 mil-
limeters or more. It is the same as the preceding em-
bodiment except that the tubing section 1 and coupling
7 have respective inner peripheral portions 50 and 51,
whose opposing surfaces 52 and 53 lie in planes normal
to the tubing axis, or in conical surfaces.

F1G. 7 shows a further embodiment, in which the end
face of the male member and the mating face of the fe-
male member have respective profiles constituted by a
plurslity of struight line segments and approximating
the arcuate profiles of R, and R, in the embodiment of
FIG. 2.

FIG. 8 shows a still further embodiment, m which the
end of the male member has a concave face and the
mating shoulder of the female member has a convex
face.

The embodiments of FIGS. 6 o 8 have the same &f-
fect as the embodiment of FIG. 2.

What is clgimed is:

1. A threaded tube joint for cesing, pmu:ulnrly oil
well tubing, including male and female threaded tube
members, each having a substantially cylindrical wall
and said joint having a structure having:

a first metal-to-metal contact seal formed upon

make-up of the joint between an outer surface of
a thread-free end portion of the male threaded tube
member having a longitudinally extending refer-
ence axis within its wall and a corresponding inner
surface of the female threaded tube member hav-
ing a longitudinally extending reference axis within
its wall, said outer surface of the male member hav-
ing a substantially spherical profile, said innar sur-
face of the female member having a straight pro-
file; and

s sccond melal-to-metal contact seal formed also
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- -upon make-up of the joint between the end face of
the wall of said end portion of the male member
and a corresponding fece of the wall of the female
member, one of said faces of the male and female
members substantially having with respect to its
reference axis a profile of a convex surface of revo-
lution for aligning the reference axis of the male
member with the reference axis of the female mem-
ber, and the other of said faces of the male and fe-
male members substantially having with respect 1o

jts reference axis a profile of a concave surface of

revolution so a5 10 be complementary o that of the
one face.

2. The threaded tube joint of the structure having the
first and second acals as claimed in claim 1, wherein the
surface of the male member and the mating surface of
the female member constituting said second seal have
respective mdli of curvature Ry and R;, R, being at
least no grester than R,, said radil of curvature both
being within a range of 1.0 to 2.5 times the average
thickness of said end portion of the male member.

3. The threaded tube joint according to claim 1,
wherein one of the interengaging surfaces of said sec-
ond seal i provided with a coating of such resin mate-
rial as tetrafluoroethylene. -

4, The threaded tube joint according to claim 1,
wherein the male and female members are large in wall
thickness and have respective inner peripheral portions
facing each other at a predetermined gap, the facing
surfaces of said idner peripheral portions lying in
planes normal to the tubing axis,

S. A threaded tube joint of a structure having the first
and second seals as claimed in claim 1, wherein align-
ment of the male member with the female member by
the second seal prevents s flexure of the male member
toward the tubing axis, caused by the action of the firnt
seal at the lip of the male member, and equalizes the
sealing pressure over the sealing area of the first seal.

6. The -threaded tube joint according to claim 1,
wherein the interengaging surfaces of said second seal
have respective profiles each constituted by a plurality
of straight line segments approximating arcuate profiles
and each corresponding to the other of iaid interengag-
ing surfacer.

7. The threaded tube joint according to claim 1,
wherein the male and female members are large in wall
thickness and have respective inner peripheral portions
facing each other with a perdciermined gap between
them, the facing surfaces of said inner peripheral por-

tions both lying wnhln complementary conical planes.
* ¥ B @
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STABILIZED CENTER-SHOULDER-SEALED
TUBULAR CONNECTION

Thix application is a continuation-in-part of U.S. appli-
cation, Ser. No. 07/848 508 filed Mas, 9, 1992 and now U.S.
Pat, No. 5,415,442 issued May 16, 1993,

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates 10 tubular cormections of the
kind commonly used in the ofl industry. In particular, the
wbuler comnection. of the present invention comprises a
stabilized center-ghoulder seal, wherein stabilization is pro-
vided by specialized thresd constroctions adjacent the cen-
ter-shonlder seal The inventicn also pertaing to a specialized
center-shoulder seal deaign. Further, the invertion pertsins
to a thread profile which provides a self-centering function
upon makenp of the tubulsr connection. This thread profile
can be naed with the stahilized center-shaulder seal cames-
tion as'well as other connaction designs known in the art,

2 Background Ant

The present invention is applicable broadly for oae in
joixing pipes, couplings snd the Hke, and has particularly
bu:nchvelq:edfwmmﬂdmduﬂyh:hﬂlrm
since these comnections experience more scvare and
demanding conditions than those observed for other indug-
trics and mpplicetions. In particnlsy, the trend in the ailfield
iy to minimire pipe dizmeier and to consexve borehole
diameter, The smaller the dismeter of the borehole for the
well, the greater the congervation of encygy and reduction of
drilling costa. Howeves, in utilizing smaller diemeter plpe, it
is important thet the comnections between adjacent tubnler
ppuhmmhmmdmm
texistics, Le. the geometry and pesformance characteristics
of the connection be substantially the same as thet of the
tobular pipe iself. Preferably, the pipe string should behave
as if the pipe connections were not there. The ideal camnec-
tion would have the ssme geometry as the pipe, such a3 the
mhddendwﬁkmmmldhuhm

Two types of oilfield connections, namely ffosh jolnts and
“alim line connections, have been utilized to eonstrve hole
dismeter. The outer dismeter of & finsh joint connection s
penenally the sume a3 the outside dimeter of the whalar
pipe. The outside diameter of a slim Jine connection is
genenally 2 to 3.5% gresier than that of the pipe. Although
the abjective of such prior art pipe has been to achieve total
peomatric and performeance cheracteristic trangparency, snch
has oot been poasible. Often, the performanoe characteristics
of prioc art pipe have been sacrificed to achicve greater
SEOmerTic LIANIpATCICY.

Vizions stendsrds have been set for evalusting the effi-
clency of & pipe connection. One much efficiency is deten
mined by the load capacity of the pipe and pipe conmection
in the axial direction. This tengion efficiency is calculsted by
compaering the fracture strength of the connection with the
fracture strength of the tnbuler pipe. Most prior art fush
Joint and alim line connections ackiove m efficiency in the
range of 65% to 75%, respectively. This efficlency, of
course, varies with the type of commection, the pipe dismeter

and (hickmess, and the' method of mamufacture of the con- g4

neclion.
Prior art conpections include the besic elements of
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threads, shoulders, and scals. The following prior art patents
describe various festures which have been used to produce
flush and slim-line connections,

U.S. Pat. No. 671,274 to W. C. Fisches, issued Apr 2,
1901 sbows a doveinil thread design

U.S. PaL No. 1,474,375 to ). J. Moore, issued Sep. 20,
1923 shows wha applicams has described as single hook
thread design. The thread is nsad to fasten the forward end
of the after-body of a torpedo to m air flazk body.

U.S. Pat. No. 1,927,656, issued Sep. 19, 1933 10 G. M.
Eaton et al., describes 5 pipe Joim for fastening together the
consecutive pipe lengths of a pipe string in a manner 10
cbizin strength at the joint withow incressing the wall
thickness (or with 2 mipinmm incrense thereof) in the
portion of the pipe in which the screw threads are cut. One
af the two pipes 10 be joined is machined on the ontside
sxrface of the pin and the other is machined on the inside
sorface of the box 90 the two pipes can be screwed togother
1o provide what wouid today be called a alim line connee-
tion. The threaded portion of each pipe is machined on a
taper with the dopth of the tuma of the threads heing the
greatest at the center of the threaded portion and decreasing
gradpally in both directions 10 vanishing polms a1 the ends
af the threaded partions.

US. Pat. No. 2,062,407, lssued Dec. 1, 1936 to G. M.
Buion et al., discloses a preferred form of pipe joint wherein
the height of the threads in the threaded portion of the joint
is at & maximum in the central area of the threaded pertion
of the johut and decresses graduglly in both directions to
vanishing paints, somewhat similar to the Joint described
sbove. However, the thread design differs in that the van-
inking of the thresds corresponds with ihe intersection of
thread fabrication lines which are not only based on a iaper
relarive to the pipe longitndinal axis but also a line which is
cylindrical or parallel 1o the pipe longitudinal xxis, Specifi-
cally, the root of the thread at the pipe exierior edge position
of the pin is locaied along a line parslle]l with the pipe
longitnding] sxis while the crest of the thread at the same
location is Jocated along & ling at a constent taper with the
pipe longitudinal axis. The root of the thresd g a position
more interior from the edge of the pipe is located slong a line
at a consiant taper with the pipe longitdinal axis, while the
crest of the thread at the same location {s located on a lHoe
of paralle] txper 1o the root for s distence. Pinally, a1 the most
interior thread Jocssion on the pin, the thread root contimues
on & taper with the pipe longitudinel axis while the crest of
the thread s constructed along a line paralle]l with the pips

sxis. Thus, at both the exterior and interior
edges of the threaded connection, the thread dissppests
where thread root and thread crest intersect. The thresd
comstruction of the box Is complimeatery to that of the pin
so the two threaded members can be interengaged.

U.S. Pat. No. 2,207,005 to R_ D. Haaa, issued Jul, 9, 1940,
pertains io a gingle hook thrend form (e defined henein)
wherein the pin member load fiank Is vodercut o provide a
cam action under prassure 1o draw the connection members
together and establigh a sealing-off function. The thread
form is constructed on 4 taper 1o the longitudinal axis of the
comnection.

U.S. Pu. No. 2488.566 to R. 8. Spenry, issued Nov. 22,
1949 described 8 tapered thread strochoe having a lead on
one fiank of the belical thread which differs from the lead on
tha other flenk of the helical thread, to provide s constamtly
increasing thresd width from one end of the thread structure
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to the opposite end. This variablc width thread structure is

28 1o chable easy disasscmbly ul a fod or pin from & socket, ~
permitting separation ol pir: from socker without the need to
complictely unscrew the parts. while providing a wedge-like,
soug inlerfil between the threads of the parts when conpled
together. The prefermned emwiiment tur usc of the veriable
width thread structure is on the surlace of a pull rod used in
combination with 2 luhula wark prece 1o be formed,

U.S. PaL No. 3,100.672. 1vund Now. §, 1963 10 William
F. Franx describes a threaded mpw pnant comprising a pipe
member having a cyvlimincal vuler surface and a tepered
buttress thread & the end tusent sarushing along the ower
cylindrical surface. prosuhing 2 Length of fully formed and a
length of vanishing thrcads The wonplementary conpling
member having thread machined on the intemnal srface
thereof exhibits o full hegs: Lpvaed thread throughowt the
entire length thereol Tiw semplemcptary threads an each
member bave fullowiny Bame i heanng relationship and
subsiantially normal (o the loapzuding axis of the joinl and
leading flanks in beanny reluumsiip, which leading flanks
have & Jerger Mlank ungle than the lollowing Nanks. Crests
and roots arc truncated o pros ke flat crews and roots which
gre parafle] 10 the loapnwdin! avs of the joint Crest
truncations of fulls torma Ihreads eveeed ruol tnmeations
10 provide n predecrruncd arwant of void beiween the
crests and roots of tix compwnentary threads throughout
the length of the joint wiw= i mipy and evupling are in hand
tight cngagemem. Allct fowct mubv up. the crests of the
coupling threads enpape e “wss o the vanishing pipe
threads, but voids till remain heswevn crests and roots of the
fully formed threads. thus presoniing the development of
deleterious houp stresses a: i cint of the conpling during
power make-up.

U.S. PaL. No. 199288 e Nan 2, 1976 10 Thomas
L. Blosc (sec alwo 'S P2t N Ko MIn7, issued Jun 16,
1981) describes a tubular s unres wm s i joint) designed to
produce hoop tension 1 ¥ ;o wwemner and hoop com-
pression in the hoy nwemine v aeiscvtion exhibis threads
having a dove-tal miert: o aomiese the dove-tail interfit,
the angles formed hetweer e ica! tlunks and the root
wall of the thread are ks s atnn §5° In mother
described cmbudimetu, 1 waas fland, of the thread exhibits
an angularity from 1he dncctnn of the comnection on axis of
Jeas than ahout £5° while wiih it stah fank cxtends radially,
in axial radial plancs The s thresd b flank is the thread
flank which is on the lcanng edec as the pin is telescaped
(stabbed) into the by The k! flank 18 the ireiling flank of
the thread. In all canes, 1w thremds arc designed with
cleamances such that there i~ o " Jdiwve L interfit” between
pin and box drawing the pir wall outwardly and the box wall
inwardly (o produce hawy nvuon o e pin memher and
hoop compression i thw b membet in 4 made op con-
neclion, i.e. there is a wedginz imertst of threads in the made
up joint

Each thread member 1 disclownd in the “284 Blose patent
as having progressively chunging axtal width along substan-
tially the entire helical ienpik thereu!, Although the preferred
embodiment appears w0 have the threads constructed on a
line paralle! to the pipe lonpiudinal axis. the possibility is
disclosed of having thw thecauds conattucted on a line having
copslam 1aper from the ppe lonpiludinal axis. Also
described is the usc of an irner shoulder seal between
threaded sections of the connection. in one embodiment, the
llnuld:rmlislﬂnm.lhﬂmlwolhmdluﬁm
which fall on iwo differenr linca. cach pamalle] o the pipe
longimdinal exis, crealing a multiple-step thread with an
inner shoulder seal. The inncr shoulder scal is shown and
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ducn'beduhmngammur matng (nlmg) surface which
is panallel wo the pipe longimdinal axis or a major maling
(sealing) surface which iz at an axial taper.

U.S. Pa. No. 4,009,893, issued Mar. 1, 1977 10 Schation
el al., discloscs box and pin members having two axially
spaced thread sections being scparated by a radial siep zone
which includes, for onc member, eg. the pin member. an
anmulus having en axisl imdercul, 2 frusio-conical end face
and a radially oumtward bulging peripheral surface, which
scalingly engages a slightly contoured surface of the box
member in the siep zone, while the end face of the annulus
bears against a complementary, slightly contoored face in
the sicp zone of the box member, These swp faces supple-
ment complementary twead stop faces respectively at the
end of the pin member and box memher. 1t is advised that a
flat smoulus having good sliding properties, such as tefiom,
be interposed between the pin member annulus end {ace and
the complementary bearing face of the box member. In one
embodiment, there in a space between the pin member
enmilus end face md the complemcntary beating [ace of the
box member, and a sealing sleove is inerposed o Al this
space and the undercut space of the pin member ammnlus.

U.S. Pat. No. 4,076,436 to D. T. Slatores al., issued Feb.
28, 1979 describes specially desipned siress relief grooves
for threaded end portions of wols and for collars on recip-
rocating or roiating drill siring mounted tools.

U.S. Pat. No. 4,161,332, issved Jul, 17, 1979 1o Thomas
L. Blose describes a pipe joint including pin snd box
memben baving inierengaged two-step threads and inleren-
gaged snmular shoulders. One of the annular shoulders of the
conneclion is located axially between the first znd second
pair of threads. This shoulder is constructed so that the pin
member stab flank of the shoulder is at 2 negative angle to
the pipe longidinal axis (preferably a1 about 5 degrees) (o
provide & semi-dovetad] interfit of the shoulder on makeup off
the joint. The pin member threads in general exhibit a
negative angle load flank (preferably about 15 degrees) and
a negative stab flank angle (typically about 30 degrees), 1o
provide & scmi-dovetsil interfit with corresponding box
threads; the pin member stab Aznk is typically not engaged,
thers being about 0.020 inches clesrence with the come-
sponding box Lhreads on novmal make-up.

U.S. Pat. No. 4,224,607 10 T. L. Blose, issued Jul. 17,
1979, discloses a cylindrical threaded connector having a
arnall smount of taper (o produce a controlled radial inter-
fercace to prevent inadvertent thread disengagement,

U.S. Par No. 4,373,754 10 C_ A. Bollfmss, et at, issued
Peb_ 15, 1983, deseribes a threaded connector having multi-
sizpped, non-mapered thread sections. The thread profile has
at least ope “hooked” fiank 1o twovide improved tensile
strenpth. The wall thickness of the female or box member of
the camneetor is controlled to improve thread loading and 1o
enghle inwardly radial movement with the male or pin
member to prevent “pulling out™ of the threads under axial
1ensile loading. The outer thread step of the pin member may
only pantislly engage the threads of the box member such
that the critical reduction of the tube wall thickness at the
thread roots is & minirum.

U.S. Par. No. 4,384,737 10 H. E. Reuser, issued Mgy 24,
1983 discloses a tubular connection including & coupling or
imegml socket into which pipe sections are threaded. The
outer surface of the pipe sections inchudes an umhreaded
nose portion at the culer end of the threaded portion, The
nose portion terminptes with an ermuolar surface and includes
a plurality of convex surfaces of revolution extending cir-
cumferentially of the nose portion, all of which surfaces are
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adapted to engage the imthreaded partion of the coupling or
socket to establish a flujd-tight scal. The present inveation
does not utilize such a pin nose design. Another feature of
the Reusser invention (which is present in all claims which
do not pertain specifically 1o the sbove-described pin nose
design) is thet surface-to-surface thread comiact exists
between either the minor diameter flat partions of thread on
each member or betwesn the major diameter fiat partions of
thread on each member, but that there not be contact
The present invention does not use this method of control-
ling streases crested during make-up of 1he connection. The
connection of the present mvention exhibils surface-to-
swriace thresd contact between the crests and roots of
succeasive threads for all full height threads and the majority
(of not all) partial height threads.

U.S. Pat. No. 4,398,756, fssued Aug. 16, 1983 to Duret et
al., descyibes a cylindro-conical pipe joim whercin approsd-
mately 15% to 25% of the joint ia threaded opon a continn-
ous construction line which is «t a teper to the longinading]
axis of the pipe, with the remaining spproximately 75% to
85% of the threaded portion of the joint being thresded upon
a contimous comstruction ling peralic] to the Jongitxdinal
sxis of the pipe. The position of the threading which is on &
taper 10 the pipe longimdinal axia ia that which forms the
eniry to the connection when the pin and box are initislly
being telescoped together. Thns, clearance is provided by the
taper of the box entry Lo permit ease in initial telescoping of
the pin inw the box, prior to actual engagemen: of the
thresdds. Another festure of the Duret ct al. Invention iz that
the fomalp (box) member has an interoal shoulder againat
which the end face of the male (pin) member sealy, The
connection of the present invention relies on other sealing
surfaces within the central structore of the commection,
permitting the end face of the pin member to cxtend openly
at the edge of the connection.

US. Pa.. No. 4,570,582 10 T. L. Blose, issued Peb, 18,
1986, describes 2 tubaler comnection inclnding pin and box
members baving & two siep thread profile with the leading
thread step of the pin member being a smaller dismeter than
the second thread mep. The thread profile of the membens
bas a pcgative angle load flank and the thread steps are
axially scparmied from onc another by a reverse sngle topque
shoulder having one or two adjacent conical surfaces, The
ncgative Joad fiank angle of the threads and the reverne
shoulder angle comhine to Jock the members wgether end
preven differentinl radial separstion of the engaged conical
sealing surfacas.

U.S. Pat. No. 4,591,195 issued May 77, 1986 to Chelotte
et al. discloses & center shoulder seal Jocated between two
threaded portions of a plpe jain, wherein the threaded
porticns are siepped thoeads construcied on a line paralle] to
the longitudinal sxis of the pipe. The center ahovlder seal is
fatwicated a0 the pin partion of the seal contains en undercut
groove which cen he used in comhination with s sesling ring
of rigid plastic or mubber material to provide a scal capable
of retrining hot gawes or Hquids.

U.S. Pxi. No. 4,603,889 1o J. W. Welsh, issued Aug. 8,
1986, discloses » threaded fastener having an axis adapted o
thread connect (o two bodies. The fastener is threaded on the
inside md the two bodies axe threaded on the comide. The
threading hey first and sccand 1oad finnks which face axislly
oppositely. The first fisnk defines & second pitch, said piiches
being different and charscterized in that when the fastener is
screwed onto body threads the first flank tightens against one
bodyﬂ:cdwhﬂnmdﬂmku.hmwhoﬂﬂ

body thread.,
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U.S. Pat No. 4,671,544, issued hm_ 9, 1987 10 Dounsld J,

portions. The tapered sealing
mufaces cngage a resilient scal member locaied in » groove
shout midway between the ends of one of the seal member
surfaces; when the joint is made up, the sealing surfaces
form independent metsl-tn-metal seals on both sides of the
resilient seal member In a preferred embodiment, the
threaded portions are in the form of two sieps, one on each
side of the center sealing surface described sbove; the
threads sre wedge-sheped Uhreads that incresse in width
progressively in one direction within each step of threads.

U.S. Pat. No. 4,676,529, issued Jun. 30, 1987 1o Parick
E. McDonald describes a pipe joint whevein the pin and box
members have two stepped portions of thresds, each con-
strocted on a line paraliel with the longitudinal axis of the
pipe, and having metal-to-metal sealing sorfaces located
between the threaded portiona. The sealing srfaces provide
three engaging shoulders between the pin and box; the two
scts of onter shoulders have space between them at the Hme
the sot of inney shoulders is in camact. Between the set of
ioner shoulders and each set of ouler ghoulders, there is 8
groove; in one locaticn the groove ia in the box portion of
the connection and in the other location the groove s in the
pin partion of the connection. When the conpection make-up
torque is beyond the yield point of the metal of the set of
inner shoulders, the meta]l extrudes imo the grooves in the
bax snd pin members to form interlocking sarfaces which
kold the bax and pin from relstive rotstion.

U.S. Pat. No. 4,696,498 to K. L. Cimrch, issued Sep. 29,
1987, describes & mbuler conneetion having two members,
one threaded on the inside (box) and one threaded on the
outside (pin). Each member has a double set of steep pered
ook threads, two internal preshire seals inclnding a com-
pmniblzpmmﬂﬂ-lo—mmlmlmﬂnnpplmy
sea]l made up of a resilient conosion resistant marerial
Additionally, the conpection has & primary resilient carro-
sion resistant external pressure seal, and a reverse shoulder
engagement between the end of the pin member and &
thoplder on the box member to hold the primary metal
sealing surfaces in sealing engagement.

U.S. PaL. No. 4,703,954, issued Nov. 3, 1987 m Ortloff et
al. describes a threaded pipe comection comprizing a box
having tapered intemal threads and a pin having tapered
external tivesds, whereln the threads are dovetall shaped in
cyoss section (wedge shaped thread) and incresse in width in
one direction on the box and in the other direction on the pin.
This design in improved over that described in U.S. Put. No.
mmws.mmne.mnmmnmm
concentrations are avoided in the box between the firat
thread end the end of the box by making the length of the
box between the first thread and the end of the hox equal 1o
or greater thap 5% of the pipe dinmeter and by providing
clesrance-hetween the creat of the firs full thresd on the bax
snd the root of the last thread om the pin snd between the
crest of the last full thread on the pin and the root of the first
full thread an the box.

U.S. Pat. No. 4,703,959 to E. E. Reeves et al., iasued Nov.
3, 1987 discloses a threaded pipe commection with compress-
ibie seal ring. The conmeciion comprises & pin member
threaded on the cuttide 2nd a box member threaded on the
ingide. The members have toeading which is tapered, with
geoenilly dovetail-shaped threads that increase in withh in
one direction on the pin and in the opposite direction on the
box so0 that the pin and box threads engage to form thread
scals between the Aanks of the threads and between the roots
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and crests of the threads. The improvement is said 1o
comprise gn anoular groove intermedinie the ends of the
threads on one of the box and pin to form a cavity beiween
the groove and the threads on the ather of the box and pin
and 2 ying-shaped seal member of compressible material
Jocaled in Uic anrular groove.

U.S. PaL No. 4,753,460, issued Jun, 2B, 1988 o Lawrence
Y. Tung, discloscs 8 tubular connection having a amall
diameter thread se1 and a large diameter thread sct, the small
thread sct having a lesscr number of threads than the large
sct. A primary torque shoulder is located between the thread
sets and 8 secondary torque shoulder is Iocated behind the
lerge thread set, In the preferred embodimen:, the initisl
partial thread on the pin of both seis and the last pertial
thread of (he small st on the box has s cylindrical root
comotr (the root contour is comstructed on & line parallel
with the longiwdinal axis of the pipe), whereas the remain-
der of threads exhibit a tapered root contows. The longitu-
dinal taper angle of the pin thread sets are diaximilar to the
box thresd sets, there being & maximnm separmiion of the
scls near the center of the commection. At the ceater, a scal
is provided; the lsst threads adjacen 10 the center shoulder
on the threaded sets are hooked (the angle of the pin load
flank is negative with respect to the pipe longituding] axis).
In all embodiments deseribed, the threads exhibit a negative
load flank and & positive siab flank, The cenler shoulder area
of the pin exhibits two fianks, one of which is positive (near
the gmall diameter siep of threads) end one of which is
negative (near the center of the shoulder and about midway
between the iwo neps of threads).

U.S. PaL No. 4822081 10 T. L. Blose, issued Apr. 18,
1989, describes a driveable two-member tubular connection,
and in particular a thread form for the connection, The thread
form utilizes converging, trapped thread flanks snd mating
shoulders and end faces with dissimilar angles. A two step
thread design s illustrated, wherein variable width
“trapped” threads are present on each step of threads. The
thread crests and moots are described as making comtact
before the thread fanks are touching. This Bloas et al
invention is concerned with the benefit of the thread stab
flanks in assisting the shoulders/end faces in resisting axial
compressive loading and with the different mgles between
mating shoulders and end faces o reduce deformation of the
shouiders upon axial compressive loading.

US. PaL No. 4,893,844 to K. D. Chelete e al., issued
Jan. 16, 1990, discloses & tubuler connection with veniable
scal. A deforming seal memher is disposed between two
surfaces such that a space is provided to el lcast one side of
the sealing member. The connection comprises box and pin
members having hooked threads, a stiop shoulder between
the two members and varions seal mezns.

U.5. Pa. No. 4,917,409, issued Apr. 17, 1990 o Doyle E,
Reeves describes a threaded connection employing a
tapered, wedge shaped thread, The threads increase in width
in one direction on the box and in the other direction on the
pin. The improvement aver the peior art appears w be in the
ability of the thresd design 10 be nsed with pipe thread
lubricamts; 10 accommodate such lubricants, the thread is
designed to eliminae the radial clearance between the thread
rools and crests g0 that the possibility of cresting an expan-
sihle chamber upon comection make-up that can entrap the
liquid or pasie-Hke thread lubricant therein, to produce a
falsc torque reading i grestly minimized, if not entirely
reduced The wedge-shaped thresd can be a dovemil ar
scmi-dovetadl thread profile. A verishle width thread con-
sruction (wherein thresd width incresses progregsively ina
piven direction) is wed in combinalion with the dovetsil or
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semi-doveant] thread profile (as in the Blose U.S. Pal. No.
3,989,2B4). The specification and original claims of Reeves
discloscs thet the load and stab flanks of the thread fully
engage s substantially the same time upan rotational
make-up of the threaded connection™ Col. 4, lines 43-48.
Although only eontinnation applications were filed during
prosecution (no continuation-in-pan applications which
would permit the introduction of ncw matter), the claims
were amended in a subscquent conlinuation application to
comain the limitation that the thread flanks did not fully
engage st substantially the same time. Thus, there is pres-
ently some confusion as to cxactly what is taught by Reeves.

Another concepl disclosed and dependently claimed in
Reeves is that it is desirsble 1o increase the thread width m
1be widest portion in the range of approximalely four Limes
the thread width at the narrowest portion at the same thresd
location. Thevn is no discussion as 1o why this provides an
advantage over priar art (which is seid 1o show Jess of an
increase in thwead width),

U.S. PaL No. 4,944,538 to S. R. Read, issued Jul. 31,
1980, describes a threaded pipe joint having improved seal
ring entrapment.

U.5. PaL No. 4,958,862 oo C. Capelli e1 al., issued Sep. 25,
1990, discloses a tnbuler comection camprising a pin mem-
ber having sl least one cxternal tapered thread and 2 box
member with complementary internal threads. An end part
of the pin member beyond each thread has a conical sesl
surface and the box member has a conical seal surface with
the same taper as thal of the pin member, so that upon
tightening of the joint a seal {5 created between pin and box
at the forward end region of the pin member.

U.S. Pat. No. 5,029,906 to K. D. Chelette et al., issued Jul.
9, 1991, perusing to a deformable sealing member used to
povide & preanme vent for mating wbuler membens. A
lypical threaded coupling comprises pin and bost members
each having u siepped thread design of hooked conflguration
on a1 lean one side of a stop shoulder.

U.K. Paient Specifleation 137,777 of W. Pickard, pub-
Hahed in 1920, shows a variety of thread designes which can
be used to connect two or more paris or objects laterally or
which, on entering & material, will become anchored therein
mnd regist scparation in all directions at right angles 1o the
longitdinal axis of the conpection. FIG. 8 of the disclosure
shows a single hook thread profile. FIG. 10 shows a double
hook thresd profile.

U.K Pateni Application of K. Maruyama, published Nov,
4, 1981, describes g finid Light thread joim for oil or gas well
pipes. The joint comprises box and pin members; the thread
on the pin siarts from the pin end as a rounded trimguisr
thread and becomes a buttress thread; the thread on the box
member i formed in a comresponding manner.

DEFINITIONS

For convenience and accumacy of description, the follow-
ing definitions have been adapted for use in describing the
connection of the present invention.

The “pin member”™ of a commection is undersiood to mean
the male portion of a tubular member which is thrcaded on
its external surface 1o be interengaged with threads on a box
member 1o provide 2 connection.

The “box member™ of the connection is undersiood 1o
mean the female portion of  tubuler member which is
threaded on its internal surface o be imerengaged with
threads on a pin member to provide a comection.
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A connection having » “two-sicp thread” is understood 1o
mean a comnection-having -two-threaded™portions wherein
one threaded portion has a grester rading from the longit-
dinal axis of the pipe than the other threaded portion.

A “center shoulder seal” it understood to mesn a section
of a comnection disposed between at lesst two threaded
porticns, which section exhibils directly contacting surfaces
between the pin and box members, or between Lhe pin and
box members snd s third componen: such as an snmlar
sealing slcecve, o that the section provides a seal for
preventing the passage of finid through (across the threads
of) the assemhbied comnection.

A “thread root” is understood to mean the thread location
ut which the wall of the tubular member has been machined
awzy 1o its maximum depth. The thread root defines the
major diameter of & box thread mnd the minor dismeter of a
pir: thread.

A “thread cresi™ Is understood to mean the thread location .

at which the wall of the tubnler member has been machined
to its minimmum depth (o some cases, none of the wall will
have been machined sway at the crest of the thread). The
thread crest deflnes the major diameter of a pin thresd and
the minor dismeter of & box thread

A “run-put thread” js mderstood to mesn & portion of
thresd having its roots mechined an a taper with respect 1o
the longitudinal axis of the tmbuler mernber, but having its
crests machined parallel 1o the longitndinal axis of the
tobular member; gradually the construction (machining)
lines of the crests and roots of the thread intersect and the
thread In mn assemhled tubuler comneetion, a
Tup-out thread om a pin member or box member typically

* corresponds with 2 run-in thread on the corresponding box
member or pin membex, respectively.

A “mo-in thread” i undermood © mesn a ponion of
thread having its roots machined paralle] o the longitudinal
mds of the tnbolar member, tul having ita crests machined
on & taper with respect 1o the longitudinal axis of the ndwlsr
member; from an initial point, the construction lines of the
crests and roots of the thresds diverge, ultimately achieving
& full height thread. In an assembled whuler connection, &
fup-in thread ¢n & pin member ar box member typically
corresponds with a run-out thread an the corresponding box
member or pin member, respectively.

A “thread stab flank” is understood to mesn the more
forward ar leading fiank of the thread when the pin is
teleacoped into the bax

The “thread load fiank™ is undersiood to mean the trafling
flank of a thread upon telescoping of the pin into the box.

A thread “fiank sngle” is badersiood io mesn the angle
formed between the thread flamk and 8 line constructed at the
oot of the thread flank, which Ene is perpendiculsr to the
longitudimal axis of the connection (tubolar). For emse in
uaderptending, flank sngles sve defined in geometyic termi-
nology. For example, for 8 comection member cross-sec-
tional drawing showing the comnection member with its
leading, threaded end towand the fight hand ride and i
tradling threaded end (typically followed by exiended tubo-
lar) wward the lefi hand side, a positive Sznk angle is one
wherein rotation of the perpendicolar line towand the thread
fAxnk is in & clackwise direction, and a negative flank angle
is one whersin rotation of the perpendicular line toward the
thread fiank s in a coumer-clockwise direction. In the
comection drawings filugtirated throughent this applicath
the commection pin member is shown at the hotiom of the
dmwings with its leading edge on the right hand side whils
the comaection box member is shown st the top of the
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drawing with its leading edge on the Jeft hand side. Thus, the
“HOX MEMbBEr drawiig cin be reorienied to have its leading
edge on the fight hand side for of viewing the
dircction of rotation of the line conmiructed perpendicular to
the comection longitudinal axis i the root of the timesd
flank. As described previcnsly, the stab flank of the thread of
each cormection member is the thread fiank which is leading
or moit forward as the comection members are telescoped
together,

A “correspondding commection member partion” is onder-
stood 10 mean the partion of 8 connection member in contact
with the member being discussed, upon assembly of the
connection. For example, when a portion of the pin member
of the connection is digcussed, its corresponding connection
mhmmuﬂsmmoﬂhehmmwhichwm
be in coninct with that portion of the pin member upon
assembly of the connection.

“Complementary engagement” is undersiood tn mean the
interengagement of correspanding members wherein both
corresponding members are threaded in seciions having
esscntially eqoal thread section length on each member, and
wherein the entire height of thread on m least one member
per threaded section is completely encompassed within the
thread height of the other corresponding member threaded
section,

A “lead-in thread” ia onderstood o mesn a starting
portion of full-beight or nesrly ful) height threads which are
machined on 3 taper 1o the Jongitudinal axis of the tubular
member and beginning adjacen 1o the center shoulder seal
configuration. In an sssembled tubular connection, a lead-in
thread on a pin member or box member corresponds with &
Tun-gut thread on the correspanding box member or pin
member, respectively.

SUMMARY OF THE INVENTION
In accordance with the present invention, s tubular con-
pection &t least two comnection members and a

conter shoulder seal bas been developed in 2 manner which
provides sbilization of the cemter shoulder seal and
improved efficiency (sirength of copnection/strength of
wbnlar) of the connection.

Also in sccordance with the present invention, a center
shoulder seal design which provides multiple metal-to-metal
sealing surfaces is described This scal design compwises 1
locked dovhle shoulder configuration.

In addiion, the ivention pertsing to a theead profile
which provides a self-cemering function during make-up
(nsscmbly) of the copnection.

Although the present invention can be applied 10 comnec-
tions comprising tubulars and couplings, the most frequent
use of the invention will be in the form of a tobulsr
comection compeising two connection members, and thus
the invention is described in this form below.

With reference 10 2 tubular connection
muﬂmmmm.pmmhndlbm
member, the stabilimtion of the center shoulder sesl is
achieved using at least ane nm-out section of thread
to the cemter shoulder configuration of esch connection
member. Typically, the at lesst one run-out section of thread
is Jocated adjacent the cemer shoulder configuration on that
partion of the conpection member at which the wall chick-
neas iy less. The rup-out secticn of thread is typically nsed
in combinstion with a nm-in section of thread on the
corresponding conmection member. However, a run-out sec-
tion of thread can be used in comhination with a fall height



34

5,462,315

11
lead-in thread on the carresponding conncction member.

Preferably, a run-out section of thread and & nm-in section
of thread are used together on Lthe same connection raember,
with the center shoulder configuration located between the
iwo sections of thread. The corresponding conneclion mem-
bor will also comprise the corresponding sections of run-in
and nm-out threads, reapeetively, so there is one sct of run-in
and run-out threads edjacent the center shoulder seal. Even
more prefembly, in addition to the connection having one sel
of run-out and run-in thread sections adjacent to the center
shoulder scal, the copnection has a second set of run-out and
run-in threads adjacent to tbe terminal ends of the connee-
tion. Such a double set of run-in, run-out thread sections
The double set of run-in, run-our scctions of threada also
provides the most cfficient connection.

When a connection member exhibits a single run-out
thread adijacent 1o one side of the center shoulder configu-
mtion and = full height lead-in thread adjacent to the other
slde of the cenier shoukler canfiguration (with correspond-
ing thread sections on the other connection member), a relief
groove may be disposed between the center shoulder con-
Aguration and the full haight thread. The relief groove
permits proper interengagemncnt of the threads upon azsem-
by of the connection and facilitates machining of the full
height lead-in thread. When a single set of run-out, run-in
threads is used, with the center shoulder seal localed
between (hem, or when a double set of run-out, nm-in
threads is used, it is typically nol necessary to use such a
melief groove.,

The most preferred center shoulder seal depign is a
“Jocked double shoulder™ seal which provides an interlock-
ing design, wherein a longitudinal cross section of the
msembled pin and box contacting surfaces (n the center
shoulder mea) exhibits a reverse block § shape having
extended tails on the 5. Typically the assembled locked
double shoulder ion cross-section is two to thres
times as *high” in the radial direction (perpendicnlar to the
tubular longinudinal axis) as it is “wide™ in the axial direction
(parallel to the connection lengitudinal axis). In addition, the
height Is typically 4 1o ¥ of the pipe body wall thickness.
‘This scal design provides four (4) or five (S) zero cleamnce,
metal-on-metal sealing mrfaces and two (2) or three (3)
close tolermnce sealing surfaces which can be plagged with
thread compound, on normal assemhly, depending on
amount of designed interference and tolerancing.

Ahbough the locked double shoulder center sesl i pre-
ferred, other eenter shoulder designs which are known in the
art can also be stabilized using the run-out, run-in thread
constructions described above adjacent 1o the center shoul-
der. Examples of other shoulder deslgns which can be
siabilized include, not by way of Emitation, square shoulder;
book shonlders (wherein the shoulder exhibity at least one
negative angle relative to the conmection longitudinal axis;
square ghoulden with a frustrum seal; annular shouldery
(shoulder on a mper with the commection longitudinal axis);
shoukiers comprising grooves or an aamlus having an axial
undercut which employ a sealing sleeve, ring or armnlus;
and shoulders designed to extrude a portion of thelr mass
Interally into adjacent grooves upon assembly of the con-
nection.

The profile of ihe individual thread which can be used 10
make up the nm-out, run-in thread sections is preferably
selected from the group comprising doubla hook thread and
single hoak thread; although other thread profiles standard in
the industry can be uged.
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The double hook thread profile iy preferred in terms of
mechanical performance. The double hook thread exhibils a
negative load fiank angle and a positive stab flank angic. A
double hook thread profile in whick the absohite sum of the
load and susb flank angles (independent of the sign of the
load and stab flank angles) totals less than about 20 degrees
will function well in the present invention. Preferably, the
negative load flank angle does not exceed aboul 8 degrees
and the positive siab flank angle does not exceed about 5
degrees. Most preferably, the negative load {lank angle
manges from shout zero degrees 1o 1ess than § degrees and the
positive sisb flank angle ranges from sbout zero degrees o
lcss than 2 degrees, wilh the absolute sum of the angles
being leas than 5 degrees.

The single hook thread comprises a negative load flank
angle ranging from about zero degrees 10 about 15 degrees
and s stab fiank angle mnging from xero degrees 10 a
negative angle of ahout 35 degrees. Preferably the negative
load flenk angle is less than 8 degrees and the negative stab
flank angle is less than 20 degrees. More preferably, the
negative load flank angle mnges from abowt xevo degrees 1o
less than sbout 8 degreea, while the stab fiank engle ranges
from aboul zero degrees Lo a positive angle of less than about
8 degrees. Most preferably, the pegative Ioad flank engle
ranges from about 22x0 degrees (o less than sbout 8 degrees,
while the ytab flank angle mnges from zero degrees to a
positive angle of less then 5 degrees.

The double hook mnd mingle hook thread profiles
described above are prefersbly used in comhination with a
varisble width thread, wherein the thread an each member
changes progressively in axial width, with the thread width
of the pim member progressively incressing from the leading
or forward end towent the following or trailing end of cach
step of threads, and the thread width of the box member
increasing in the opposite direction.

The make-up of the compection having single hook ar
double hook threads is greatly impmoved by providing a
chamfer on the stab fiank of the thread profile. This chamfer
provides a self-centaring fimction during telescoping of the
pin member into the box member. In addition, the chamfer
provides incressed surface contact ares between the mem-
bers at the time of telescoping, reducing the overall load
any particular contact point and redncing demage to the
connection on make-up. The axial distance of trave] or widih
of the chamfer is prefersbly sbout 0.005 inches or less, with
the degree of the chamfer being a function of the thread piich
and taper. The degree of chamfer is such that the radial
height of the chamfer (perpendicular to the comnection
longitndinal axis) is spproximately equal to the step height
berween the chamfered stab flank and the preceding load
flank. The height of the siab flank minny the height of the
preceding thread load fiank is typically called the step
beight,

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A shows 2 schematic of a longiludinal cross-
sectional view of one embodiment of the sasembled con-
ncction of the present invention, wherein the coonection
comprises a locked double shoulder center-shoulder seal, 2
single run-out thread section on the pin member adjscent
one side of Lhe center shoulder seal and a full height lead-in
thread section on the pin member adjacent the other side of
the center shonlder seal, with cormesponding thread configu-
mations on the box member.

FIG. 1B shows a schematic of a longiludinal cross-
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sectional view of the pin member shown ia FIG. 1A.

——-F13:-1€-shows~a—schematic—of -a- longimdina) “cross-

sectionsl view of the box member shown'in FIG. 1A
FIG. 2A shows a schemutic of a longitudinal cross-
sectiomal vicw of 3 sccond embodiment of the assembled
connection of the present invention wherein the connection
comprises 3 locked double shouldor configuration forming
the center-shounlder scal and & set of run-ont and nm-in
thread sections on each side of the center shoulder scal.
FIG. 2B shows a schematic of a longitndinal cross-
sectional view af the pin member shown in FIQ, 2A.
FIG. 2C shows a achematic of » longindinal cross-
sectional view of the box member ahown in FIG. 2A.
FIG. 3A shows a schenwtic of a longidinal cross-
sectional view of s thind embodiment of the assembled
connection of the present jnvention, wherein the connection
camprises a locked double shoulder center-shoulder seal and
s double set of run-out and run-in thread sections, with ane
set being adjacent 1o the ceater-shoulder seal and the other
se2 being disposed at the terminal ends of the pin and box
members,

FIG. 3P shows s schemaic of a longitudinal croms-
sectional view of the pin member shown in FIG. 3A.

FIG. 3C shows a schematic of a longindinal croms-
sections] view aof the box member shown in FIG. 3A.

FIG. 4A shows a schemntic of a longiudinal cross-
sectional view of a foarth and most prefesred embodiment of
the assembled comnection, wherein the connection com-
prses a Jocked double shoulder cemer-shoulder seal, a
docbie set of run-out and mn-in thread sections, end the
preferred (hread profile (a single hook, varisble-width thresd
having chamfered stab fianks).

FIG. 4B shows a schematic of a longindinal coss-
sectional view of the pin member shown in FIG. 4A.

FIG. 4C shows a schemaiic of a longitudipal cross-
sectional view of the box member shown in FIG. 4A.

FIG. SA showy a schematic of an enlarged view of the
longitndinal cross-section of the locked double shoulder
center-shoulder seal of the amsembled connection shown in
FIG. 1A,

FIG. 5B shows n schematic of a longitndinal croms-
sectional view of the pin member of FIG. SA.

FIG. 5C shows a schemmtic of & longitudinal cross-
sectionsl view of the box member shown in FIC. SA.

FIG. 6A shows a schematic of a longiindinal cross-
sectional view of a portion of a section of double hoak
thread profile of the present Invertion having & negative load
fank angle and » positive sab flank angle.

FIQ. 6B shows a schematic of a Jangitudinal cross-
sectianal view of a single hoak thresd profile of the present
invention having a negative load fignk engle and zero degree
(fight angle) atab flank.

FIQ. 6C shows s schemmtic of & Jongitodioal ecross-
sectional view of a conventional single hook thraad profils
of the present invention having a negative load flank angle
and a negarive stah flank sngle.

FIG. 6D shows a schematic of 3 Iongindioe) crom-
sectional view of a preferred double book thread profile of
the prescat invention having a negative load flank angle and
a stab flank angle which iy sfightly positive, spproaching
zer0 degrees.

FIG. 7A showa s schematic of a longitudinel cross-
sectional view of a preferred single hook thresd profile of the
presen invention having a nepative load flank angle, a zero
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degree (right anglc) stab fiank and a chemfered sisb fiank.

—Most prefcrahly this thread profile would be a varisble width
thread, whercin the thread on each member changes pro-
gressively in axial width,

FIG. 7B is an enlarged cross-sectional view of a cham-
fered mab flank of FIG. 7A particulary illusiraling the
width, o, of the chamfer.

FIG. 7C is an cnlamged cross-sectional view of & cham-
fered stmb flank of FIG. 7A particulaly insirating the
chamfer degree, n, of the chamfer.

FIQ. SA shows a schematic of & longitodinal cross-
sectiong] view of the assembled connection of FIG. 2, but
with the thread having the double hook thread profile shown
in FIG, 5A, md having different Jeads in the load and siab
flanks, therebyy producing a variahle thread crest/rool width
an each thread,

FIG. 8B showz a schematic of a longitudinal cross-
scctionsl view of a portion of the double hook threaded
proflle of the pin and box members shown in FIO. BA.

FIG. 9A shows a schematic of a longitudiosl cross-
sectional view of the assembled connection of FIG. 3, bat
with the thread having the single hook thread profile.

FIG. 9B-9D show a schematic of a Jongitndinal cross-
sectional area of & poction of the single hook thread profile
of the pin and box memben shown in FIG. 9A.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The tubulsr comnecyion of the present invention is appil-
cable broadly for use in joining pipes, couplings and the like,
but will be described in lerms of oil indastry tubular con-
nections, since this {s ooe of the higheat valoe uses far the
fovention. In paniculer the Invention is most typically used
in Bush joint or slim Yine tubuler connections, where it ia
desired to minimize mry variation in the guiside and inaide
digmeter dipensions berween the cognections and the
sssemhled whular members. The two major naes for the
connection of the preseat invention are e a fingh joint liner,
typically having a flush ouside dismeter, snd a liner te-
back, typically a formed connection having 2 maximum of
+3.5% varistion in ouwside diameter

‘The tubulsr connection of the present invention wilizes a
center seal (between at least two threaded sections of con-
nection) 1o prevent fluids (liguids or gases) from passing
through (across the threads of) the cornection. The preferred
embadiments af the invention will be described :at having
a locked doohle shoulder center shoulder seal, which will be
described in detail subsequently. However, other center seal
designs such as, for example, squarc shoulder, book shonl-
der, spuare shoulder with frustrum seal, and anpuler shoul-
der can be used in the siahilized cemter-shoulder-sealed
tubvlar coomection of the present invention

In sccondsnce with the present invention, the center
shonlder sea] is stabilized so that it can withstand various
forces placed on the assembled length of tubulers without
significent damage to and/or leskage through the seal. The
stabilization is provided by using various combinations of
thread sections adjecent to the center ahoulder seal In
puticuler, smbilization of the center shoulder seal is
achieved using st Jeast one ron-out section of thread adjacent
to the center shoulder peal configuration of esch connertion
meynher, The nun-out section of thread on one comection
member is typically used in combination with ¢ nm-in
section of thread on the cormespending: comnection memnber.



-

5,462,315

15

However, a nun-oul section of thread on one connect! ion
‘member can be nsed in combinaiion with a full height
lead-in thread on the comresponding connection member.

FIGS. 1 through 4 lustrate four differen prefermed
embodiments of the conneclion of the present invention
Each of the four preferred connections {liustrated in FIGS.
1-4, have certain common features which will now be
described with respect to embodiment onc of FIG. 1. Reler-
ring now 1o FIGS. 1A, 1B and 1C, the pipe joint or threaded
coanection of the present invention, gencrally designated
100 in FIG. 1A, includes g pin member 102 formed on the
end of ubular member 103 znd a box member 106 formed
on the end of another tabular member 107. Either one or
both of the mbular members 103, 107 define a longitudinal
axis 14 (see FIGS. BA or 9A) which is the longiludinal
conterline of the connection 100. The box member 106 has
m:nmﬂlhudsmﬂnfanndlhuunnﬂuﬁpum
intcrengage 8 complementary exiemal thread structure
formed on pin member 102, for mechanically connecting
tbular members 103 and 107 which form a part of a string
of uboler pipe (not shown). Connection 100 further includes
2 center shoulder seal 104 Jocated ai approximately the
longinudinal mid-point of connection 100. The exiemnal
thread structure of the pin member 102 exicnds from i pin
noze or leading terminal end 105 to a location 109 adjacent
firs1 cenier shoulder configuration 119 and then continues on
the other side 111 of first center shoulder configuration 119
to the end of the external thresds at the trailing terminal end
113 of connection 100. The internal thread
strucarre of the box member 106 extends from the box
lcading terminal end 115 to & location 117 adjacent second
center shoulder configuration 108 and then cominues a1 the
other mide 121 of second ccmer shoulder confignmion 108
to the end of the internel thresds ai trafling texminal end 123
of cormection 100.

‘The center shoulder seal shown an connection 100 at 104,
dmdhummmhdmnfmuﬁmthuﬂm—

tiona, prevents flulds ﬂlqmdl or gases) from passing through

(across the threads of) the commection. The proferred
cmbodiments of the invention will be described as baving a
locked double shoulder center-shoulder seal, which will be
described in detnil subsequently. However, other cenler seal
designs such as, for example, square shoulder, hook shoul-
der, square ghoulder with frustrum sesl, and annular shoul-
der can be wsed in the stahilized cemier-shoulder-sealed
tubular connection of the present invention

Referring again to FIQ. 1, which illusirstes embodimemnt
one of the preseni invention, tubalar connection 100, the
center shonlder seal 104 is a locked double shoulder made
op from a fist center shoulder configuration 119 on pin
member 102 and a second cemer shoulder configuration 108
on box member 106, The center-shoulder-scal-sabilizing
thread sections (run-out thread sections) on each comnection
member are Jocated on pin member 102 at 110 and on box
member 106 at 114. With reference 10 pin member 102,
run-out thread section 110, adjacent shoulder seal configu-
ration 119, extends from position 109 adjacent sesl configu-
Jetion 119 to interaect full height tapered thread section 1264
which extends 1o pin 102 leading terminal end 105. With
refercnce 10 box member 106, run cut thread section 114,
adjscent shovider seal confipuration 108, exiends from
position 117 adjacent seal configuration 108 to intersect full
beight tapered thread section 128 which extends to box 106
which i run-out thread section 110 on pin mem-
ber 102 is full height lead-in tmead section 112 on box
member 106. The complementary thread section which
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mygumn—am:lnudleu.lonlﬂonbo:mmberlﬂﬁ
18 full height iead-in thread section 116 on pin member 102,
The full height lead-in thread sections 112 and 116 on box
member 106 and pin member 102, respectively exiend as
full height thread sections 124 and 122, respectively, pro-
viding full height tapered threads 1o the end of these
threaded sections st 123 and 113, respectively. The taper on
threaded sections extending from leading terminal ends 105
end 115 of pin 102 and box 106, respectivcly, is slightly
greater then the taper on threaded sections 112-124 and
116-122, which extend toward the trailing terminal ends 123
and 113 of box 106 and pin 102, respectively.

Upon asscmbly of connection 100, run-out thread section
110 of pin member 102 is imerengaged with full height
lead-in thread section 112 of bax member 106 end full heigin
thread seclion 126 of pin member 102 is interengaged with
the foll height thread section 124 of box member 106. Upon
assermbly of connection 100, run-out thread section 114 of
box member 106 is interengaged with full height lead-in
thread section 116 of pin member 102 and full hoight thread
sections 128 of box member 106 interengage with full height
thread section 122 of pin member 102,

Pin member 102 comyprises a thread relief groove 118
between full height lead-in thread section 116 and first
center-shoulder configuration 119. Corresponding box mem-
ber 106 comprises a thread relief groove 120 between full
lead-in thread section 112 and second center-shoulder con-
figuration 168. The thread relief groove facilitales machin-
ing the full height lead-in threads 116, 122 on pin member
102 and 112, 124 on box member 106, and enables complete
complementary engagement of any thread
profile. Rellef grooves 118, 120 also provide a depository for
thread compound and cnsure that there is no hydraslic
lockup of the thread,

Helical full height thread sections 112-124 end 116-122
arc machined on a constant taper relative to the longitudinal
axis of connection 100. Helical full height thread sections
muﬂmmﬂmmehmdmamlupurdmu

i axis 14 of commection 100. Howevex, the
np:nfﬂnnlmﬂnudmmnmmmthem
of their member thread sections 112-124 and
116-122, respectively, to provide reduced sress o the
terminal ends of connection 100 upon aasembly. Thread
sections 110 and 114 are run-out thread sections which are
machined having thread crest construction lines- paralle] to
longlwdinal axis 14 of comection 100 and having thread
oot construction lines machined on the constant teper with
respect to the longitudinal axis. However, individusl ces
surfaces and individusl root sarfaces typically are machined
panalle] to the comection longitudinal axia. It is possible 1o
leave individual run-in tnmeated thread crests on & taper, bl
preferred 10 machine them to be parallel to the connection
longitedinal axis,

Upon assemhbly, the interengaged commection 100 exhibits
complete complementary engagement of run-oul thresd sec-
tions 110 end 114, each located om that side of conler-
shoulder seal 104 at which each cormection member wall
thickness is less, namely thin wall aections 130, 132, respec-
tively. In addition, a llight interference fit is provided in the
threads to agsure maximized interengagement of the threads,
In gn interference fit, &t corresponding engagement points an
the pin and box members 102 and 106, the pin member 102
is machined slightly iarger then the box merpber 106,
Intexference fit tapered threads are well established in the ;1.
Complete complementary engagement of the run-out thread
section provides a mare efficient connection by completely
using the gvailable thread fank bearing surfaces, while



5,462,315

17

gimulizneously providing limitation of the stresses gener-
-gled wi-the thin wall sectiens-130 on-pin member 102 snd 132
an box member 106. In addition, the run out thread sections
al these Jacalions on the pin and box members permit
meintenance of maximum connection wall thickness in the
mreas, adjacenl center shoulder 104, thereby providing a
more efficient comection.

For purposcs of illustration, embodiment one of the
invention has been shown in FIG. 1 with a single hook
ﬂnﬂpmﬁlehamglnmﬁveludﬂnknal:mdl

For puwposes of comparison with the prior art, embodi-
ment one of the present inventian, io the strocture of a +3
percent over pipe body dameter, farmed-box alim line
comection, exhibits an efficlency (strength of connection
{(joint)Vatrength of pipe) of about 85%, compared with the
best known +3 pumtfm‘medbnuumm in the indus-

FIG. 2B, which shows pin member 202, comprises nm-
out thread gection 210 which extends from a location 209
adjacent first center shoulder configwation 219 on the
thin-walled pontion 230 of pin member 202 to thread section
ﬂﬁuffnﬂlnlghnpuedthudwh:hmdsmhdh;

thin-walled partion 232 of bax member 206 to thresd section
228 of foll height tapered throad which extends to

end 215 of box member 205, Box member 206 slso com-
prises ron-in thread section 222 which extends from s

Incation 22] adjacent second center shoulder configuration 5

208 on the thick-walled partion of bax member 206 to thresd
section 224 of full height tapered thread which extends 10
tmiling end 223 of bax member 206.

Upon assembly of connection 200, run-cut thresd section
210 of pin member 202 interengages run-in thresd section
222 of box member 206 and full height threads 226 of pin
member 202 interengage fill beight (breads 224 of box
member 206. In addition, run-ont thread section 2 14 of bax
member 206 nm-in thread section 216 of pin

member 202 and foll beight thread section 228 of box &3

member 206 interengages full keight thvead section 212 of
pin member 202.
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Helical full beight thread sections 212 and 226 on pin
membér 202 and full heigit thread sections 224 and 228 op
box member 206 arc machiped on a constant taper with
mespect o the longitudingl axis of connection 200, but
having the individos! suxxfaces of their roots and creats
persllel 1o the longiiudinal axis of connection 200. Run-ont
thread section 210 on pin member 202 has its minor diam-
cter (roots) machined on a contimumtion of the constant iaper
of the minar digmeter of adjacent full height thread section
226, while its major diameter (crests) ia machined parallel to
the connection 200 longitudinal axis. Run-in thread section
216 on pin member 202 has its minor diameler (roots)
machined pamllel to the connection 200 longitudinal axis,
while its majar dismeter (cresta) is machined as & contimy-
ation of the constant taper of the major dismeter of adjacent
full height thread sectiom 212, ing un-out and
ron-in thread sections of box member 206 are constructed in
like manner, with the roots forming the major dismeter md
the crests forming the minar dismeter

Although sequential thread crests and roots are machined
a3 deseribed shove, individual crest and root surfaces are

typically machined paraliel to the longitudina) axis of the

ful] height thread sections 224 of box’ 206 and 212 of pin
202, respectively.
Also, for purposes of illustration, embadiment two of the
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thread section 334 which cxtends to leading end 305 of pin percent over pipe body diameter, formed box slim line
* menber 302 Pin member-302 2t tbomprises rin=in tliread — connéction EXmbiE an ciciency (Strength of cormection

scction 316 which exiends from a location 311 adjacem first
center shoulder configuration 319 on the thick-walled por-
lion of pin member 302 to thread section 312 of full height
tapered thread, which cxiends to run-out thread seciion 336
which exiends Lo trailing end 313 of pin member 302,

HIG. 3C, which shows box member 308, comprises mn-
out thread scction 314 which extends [rom a location 317
adjacen second center shoulder configuration 308 on the
thin-walled portion 332 of box member 306 10 thread section
328 of foll height tapered threads, which cxtends 10 ran-in
thread section 338 which extends to leading end 315 of box
member 306. Box member 306 alao comprises run-in timead
section 322 which exiends from a location 321 adjacent
sccond center ghoulder configuration 308 on the thick-
walled portion of box member 306 to thread section 324 of
fullhm;htquedthnd.whchuuﬂ:mm—mnﬂnud
section M0 which extends to tmiling end 323 of box
member 306.

Upon assembly of connection 300, run-out thread section
310 of pin member 302, inlerengages ron-in thread section
322 of bex member 301, full height thread section 326 of pin

box member 306, and run-in thread section 334 of pin
member 302 inlerengages run-out thread section 340 of box
member 306 In addition, nm-out thread section 314 of box
member 306 interengages run-in thread section 316 of pin
member 302, full height thread section 328 of box member
306 interengages full height thread section 312 of pin
member 302, and nm-in (bhread section 338 of box member
306 intercngeges run-out thread section 336 of pin member
302

Helical full height thread sections 312 and 326 on pin
member 302 and 324 and 328 on box member 306 are on a
conslan! tsper with respect to the longitndinal sxis of
conncction 300, bul baving the individual surfaces of thelr
roots and crests parallel to the longitodinal axis of connec-
tion 300. Run-out thread sections 310 and 336 on pin
member 302 and run-out thread sections 314 and 340 on box
member 306 have their roots machined on & continoation of
the constant taper of the adjacent full helght thread sectiony.
Rum-out thread sections 310 and 336 on pin member 302 and
nm-oul thread seciions 314 and 340 on box member 306
have their crests machined parallel to the longindinal axis of
connection 300. Run-in thread sections 316 and 334 on pin
member 302 and run-in thread sections 322 and 338 an box
member 306 have their roots machined parsllel to the
longimdinal axis of conncction 300, while their crests are
machined on a continustion of the constant taper of the
respeciive major or minar dismeter of the adjacent full
height thread sections.

Embodiment three of the invention shown in FIG. 3
exhibits a double hook thread profile; however, other thread
profiles can be used as well, as hereinafier described.

This double set of rum-out and nin-in threads (one sct
adjacent the center-shoulder seal 304 and a gecond set at the
ierminal ends of connection 300) provides maximum joint
cificiency and maximum stability for cener-shoulder seal
304 of the connection 300. The double set of nm-out and
run-in threads also provides the smoothest load tramafer
between pin md box members 302, 306, rospectively,
thereby not ouly incremsing the comnection’s rated load
capacity but also its overload capacity (i.e., safety factor).

For comparison purposes with the prior mt, embodiment
three of the present invention, in the structure of & +3.5

BNBDOCID: «UiS_S482518A1_1_»

15

45

(oim)/atrength of pipe) of about 959. When the structure is
a 3 percent formed box comnection, the cficiency decreascs
10 sbout 90%. The best kmown-in-the-indusry +3 percenl
farmed box connection provides only a 75% efficiency.

Reganding the shove-described embodiment three of the
present invention, in the structure of & flush outside diameter
connection, the efficiency provided is about 77%. The best
Imown-in-the-indostry flush connection provides only a
65% efficiency.

Referring now to FIG. 4A.whlchlllmtu embodiment
four of the present invention connection, wibuler comnection
400 is made up from pin member 402 msachined on the
extevior eand of ubuler 403 and from box member 406
machined on the interior end of tubular 407. The center
shoulder seal 404 of mbular connection 400 is & locked
double shoulder configumtion, formed from firm center
shoulder configuration 419 on pin member 402 and from
second center shoulder configuration 408 on bax member
406,

FIG. 4B, which shows pin member 402 comprises rum-out
thread section 410 which extends from a location 409
adjacent first conter shoulder configuration 419 on the
thin-walled portion 430 of pin member 402 to thread section
426 of full height tapered thread, which extends to run-in
thread section 434 which extends o leading end 405 of pin
member 402. Pin member 402 also comprises ran-in thread
section 416 which extends from a location 411 adjacen first
center shoulder configuration 419 on the thick-walled por-
tion of pin member 402 10 thread section 412 of full height
tapered thread, which extends to run-out thread section 436
which exiznds to trailing end 413 of pin memher 402

FIQ. 4C, which shows box member 406, comprises nm-
out thread section 414 which extends from a location 417
adjacent second center shoulder configuration 408 on the
thin-walled panion 432 of box member 406 to thread section
428 of full height tapered threads, which extends to run-in
thread section 438 which extends to leading end 415 of box
member 406. Box member 406 also comprises rom-in thread
section 4212 which extends from a locution 421 adjscomt
second center shoulder configuration 408 on the thick-

. walled partion of box member 406 to thread section 424 of

full height tapered thread, which extends to ron-out thread
section 440 which extends to trailing end 423 of box
member 406

The principal difference between this fourth embodiment
of the invention and the third embodiment illustrated in FIG.
3 Hea in the thread profile. The thread profile of this fourth
embodiment is s specialized self-centering thresd profile
wherein the stab flank of all foll-height threads is chamfered,
as thown in FIG. 7 and described in detail subsequently with
reference o FIG. 7. Thus, each atab flank of full-height
thread sections 412 and 426 of pin member 402 and each
stab fiank of full-helpht thread sections 424 and 428 of box
member 406 is chamfered, The chamfer width (axial dis-
tance) is prefersbly about 0.005 inches or less end the
chamfer height (perpendicular 1o the connection or member
longitudinal axis) {» spproximaiely equal 1o the siep height
(height of the stab Aank minus the height of the preceding
thread load fixnk). Presence of this chamfer on the siab flank
of all full-beight threads on both pin member 402 and box
member 406 results in a self-cenlering sction upon assembly
of connection 408; in paricular, the self-ceniering action
occurs during the initial ldm (stabbing) of pin mem-
ber 402 into bax member 406.
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Upon initial assembly of connection 400, afier initial
telescoping, the stab flanks of pin member 402 threads come
to rest on the stab flanks of box mcmber 406 with the
dumfudpummufllunbﬂuhmdmghldf-
ccriering Action described sbave. Upon of
unnhly.topwuﬂghpouuon.mn—umhudmmuo
of pin member 402, § ran-in thread acction 423
of box member 401, full height thread section 426 of pin
mmb:lﬂmmfnﬂhngMIhqumof
box member 406, and run-in thread section 434 of pin
member 402 § ran-out thread section 440 of bax
member 406. In addition, mun-out thread section 414 of box
member 486 interengages run-in thread section 416 of pin
merober 402, full height tyead section 428 of box member
406 interengages full height thread section 412 of pin
member 402, and run-in thresd section 438 of box member
406 interengages run-out thead section 436 of pin member
402. At pawer tight position, the load flanks, roots and crests
of full-height threads of esch member sre in ndficien
contact to scaling engagement, while the niab flanks
of these threadsy exhibit a alight clcarance (typically abount
0.002 inches).

Helical full height thread sections 412 and 426 on pin
member 402 mnd 424 and 428 on box member 406 are
machined on & constant taper with respect to the longitudinal
axis of comection 400, but having the individual surfaces of
their roots end crests parallel to the Jongindinel axis of
comnection 400. Run-out thread accrions 410 and 43§ cn pin
member 402 and run-out thread sections 414 and 440 on box
member 406 have their jal roots machined om a
contimugtion of the constent taper of the adjacent full height
thread scctions. Rum-out thread sections 410 and 436 on pin
member 402 md nm-out thresd sections 414 and 440 on box
member 406 have their sequerrial crests machined perallel
to the longindinal axis of connection 400, The individpal
root snd crest surfaces of nm-out thread sections are
machined paraliel to the copmection longitmdinal axis. Run-
in thread sections 416 end 434 on pin member 482 and
run-in thresd sections 422 and 438 on box member 406 have
their sequential roots machined paraile] to the longitadinal
axis of comeetion 400, whilz their sequential crests are
machined on a continuation of the constant taper of the
respective major or minor diameter of the adjacent foll
height thread sections. Although the individual ront surfaces

of these nm-in thread sections ere machingd parallel to the

connection (comection member) longliindina] exis, the indi-
vidual crests can be machined either on a taper or parallel to
the conmection longitudinal sxis, as previovsly discussed
with refivence (o nm-in thread sections.

Embodiment four of the invention, shown in FIG. 4
exhibits a thread profile having a chamfered stub Ak with
a pogitive atab flank angle of less than sbout 2 degrees, with
reference: to & line perpendicubyr to the preceding individual
thread roat (and the connection longitudinal wxis). The load
flank sngle is a negative angle of sbout 3 degreea or lem. In
ﬂnmnﬁnulembndlmnflhmvmh.ﬁcmb

flank sngle is zero degrees and the load fiank angle is a
negaiive angle of about 3 degrees.

The efficiency of the connection {llustrated in FIG. 4 s
cascutially the same as that of the connection {llngtrated in
FIG. 3.

FIG. 5A s m enlarged view of a center-shoulder acal 500
which is ahown in embodiment cne of FIG. 1. Assemhled
center ahoulder seal 500 is 2 Jocked doubls shoulder seal
made up from first center shovlder configoration 510 on pin
member 514 and from seomd center shonlder configuration
539 on box member 534, Thread relief groove 511 on pin
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member 514 and thread relief grooves 532 on box member
mhcﬁﬁ‘nﬁiumy"liyﬂnuuof'ﬁnlhd;mmm
threads 526 on pin member 514 and full height lead

threads 546 on box member 234, respeciivaly. Whnﬁ:ll
hﬁlghllud-mtlnudlnmtund.fwambmm

FIGS. 5B and 5C show first center shoulder configuration
510 of pin member 514 and second center shoulder con-
figuration 530 of box member 534,

Upon assembly of center shoulder seal 500, first aealing
mfn!llmuhglhﬂﬂofpnmﬂpnﬂmﬂ.h!m‘l

projresses, a metal-to-tuetal seal is cresied as first sealing
mrface 518 on shoulder 520 moves into place againgt third
asaling swrface 538 oo box center shoulder comfiguration
530. Simultanacusly, & metal-to-metal seal fs crested
surfuce 5421 on shoulder 540 moves fato

Upon final power tightening {tocquing) of the sasembled
cormection, the leading surface of shoukier S2) contacts first
undercut mrface 548 an box center shoulder configuration
while the leading surface of shovlder 540 coniacts
second undercut surface 528 on pin center shoulder con-
figuration 500, thereby creating two additional zevo clemr-
ance, metal to metal scaling mrfaces,

Thus, a ol of ot least four (4) and possibly five (3)

£
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msscmbled connection, such that upon the spplication of
‘ﬁi’o’ﬁi‘lﬁl‘ﬁihplpemdnlmthemmlmlhcul'
will continue to perform and maintain scaling engagement.

Typically a thread compound will be uged on the surfaces
of the threaded commection and this thread compound will
bridge any surface defects and clcarances leas than sbown
0.005 inchea, Lo provide an improved scaling capshility.
Such a thread compound will assist the intended metal-o-
meial, zero clearance seals described above should surface
defecs or machining tolerances result in & cleamnce
between metal mufaces of less than about 0.005 inches. A
thread compound can also provide a bydrulic scal between
sarfaces which do not exhibil xero clearance after power
tight make-up of the comection. For example, hydraulic
sealy cim be provided between sucfaces 529 of pin 514 and
537 of bax 534 as well as between surfaces 517 of pin 514
and 549 of box 534 using thread compound. Additional
hydranlic seals can be provided for each step of cammection
thresds, since the thread murfaces which do pot exhibit
metal-to-metal coniacl are close fit surfaces which can be
tridged using thread compound.

A description of the location and dimensions of the
present invention locked double shoulder center seal relative
10 the cross-secticnal area of the comnection follows. i iy
deairsble to balance the cross-sectional arcss of the mbular
walls which make up the connection in the area of the locked
double shoulder seal, thys providing 2 more efficient con-
nection. The formula which follows permits calculation of
the preferred diameter of a circle formed by the madfal center
of the locked donble shovlder seal (radial center relative to
the '.Iunpmdmll axis of the connection). This preferred
diamoier is essentially equal 0 the connection outside
diameter squared plus the connection inside diameser
squared minus the constam k, all divided by two, with the
square root being taken of the result. The constant k is equal
to two times the squared height of interiocked shoulders 520
and 540. As shown on FIQ. 5A, the mdisl center of the
locked double shoulder seal is located at contecting surfaces
524 snd S44 of shoulder 520 and shoulder 540, respectively.
The height of interlocked shoulders 520 and 540 is dimen-
sion 552, The minimum height £52 of interlocked shouldery
520 end 540 is a function of the wall thickness of the wbular
(pipe) psed to form the connection. Typically the radial
beight 552 of interlocked shoulders 520 and 540 is two
three times the Jongitudinel width, dimension 554 on FIG,
SA, of shoulders 520 snd 540. In addition, the height 552 of
the cross aection of ing shoulders 520 and 540 is
typically 4 to % of the lbular member (pipe) wall thick-
nes

The connection of the present invention establishes a
constint beating foree on the various seals provided by the
conter-shoulder seal 500. Not anly do the curving edges of
locked double shoulder seal 500 at 518538 and 522, 542
interferingly engage to form a metal-to-metal seal, but npon
power tightening of the connection, the facing surface of
shoulder 530 in contact with undercut surfece 548 snd the
facing surface of shoulder 540 in contact with undercat
surface 518 sre loaded snd the snmular coniact between
sarfaces 524 and 544 typically eatnblishes & scal dus 10 &
bending reaction on the shouldera from the seal 518 con-
tacting ecal 538 snd seal 542 coniacting seal 522 gnd from
the Poisson’s effect of the metal upon final power tightening.

Other center shoulder dexigns which are known io the st
can also be smbilized using the adjacent run-out, run-in
thread section constructions described above. Examples of
other center seql designs which can be stabilized include, not
by way of limilation, square shoulders; hook shoulders
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wherein the shoulder exhibils al Jcast one pegaive angle
ive L0 the connection longiludinal axis); sguarc shoul-
dern with a frstum seal; annnlar shoulders (shouider on a
waper with the connection longitudinal axis); shoulders com-
prising grooves or an ennublus having an axial undercul
which employ a sealing slecve, ring or annulus; and shoul-
ders designed Lo cxuude a portion of their mass latcrally inlo
adjacent grooves upon assembly of the connection.

FIGS. 6A through 6D illustraie four preferred thread
profiles for vse in combination with the other features off
connections of the present invention.

For convenience and accuracy of description, the follow-
ing geometric conventions will be used in describing the
mngles of the load and siab flanks of the threads of Lhe
present invention, The angle a represents the stab flank angle
and the angle P representa the load flank angle of the threads.
These angles are defined in geometric terminology with
refexence 10 a line construcied perpendicnlar 1o the longitu-
dinal axis of the connection (mbular) and st the root of the
thresd flenk A degree of a negative flank angle is the
rotation, in degrees, of the perpendicular line in the coam-
tezclockwise direction to meet the thread flank. A degree of
positive fiznk angle is the rowtion in degrees of the perpen-
diculer line in the clockwise direction 10 meet the thread
flank. These conventions for defining stab and Joad flamk
angles do not necessarily comport with the genera] conven-
tiors used in machining pipe threads.

FIG. 6A fHostrates corresponding pin 610 mnd box 630
crous-sectionsl profiles for a portion of full height doublc
hook thread 00A. The double hook thread exhibits a
negative load fiank angle P and a positive stab flank angle o
The thread profile of full height threads from a partion of pin
member 6§10 is shown a3 it would appesr within a threaded
tubnlar section of the present invention. Stab fisnk 612
forms a positive stab flank angle a with respect 1o & line
perpentdicular 10 root wall 616, which is pemallel 0 the
camnection Jongitudinal axis 14, and load fiank §14 forma a
uegative load flank angle B with respect 10 a line perpen-
diculer to root wall 618, which it parallel o the connection
longituding] xis.

The thread profile of full height double hook threads from
a portion of box member 630 is shown a3 it would appear
within a thresded tubular section of the present invention.
For example, in a manner similar to the pin tread, sab flmk
632 forms a positive angle @ with respect to 1 line perpen-
dicular to rool wall 636, and load flank 634 forms a negative
m;leﬁwilhmpnalollmepupmd:mlntomwlm

‘To permit i of the double hook threads of pin
member 610 with the double hook threads of bax member
€30, it is necessary thai the thread width be conmantly
increasing from the leading edge (edge initially
into the box member) of pin member 610, and that the thread
width be constantly decreasing (the root width be constantly
increasing) from the commesponding edge of box member
630, ax shown In FIG. GA. Thus, the thread profile crest
widtha 620 of pin member 610 are progressively lengthened,
while the thresd root widths 622 are progressively nerrowed,
with the reverse occurring on box member 630. One method
of producing threads with such dimensions is to machine the
thread atah flanks with a slightly greater (longer) lead than
the load flgnks. The amount of lead increase (AL) required
10 permit the threads to mesh (inlerengage) upon ielescoping
{mabhing) is a function aof the thread taper (T) and the s1ab
and load flank angles (o snd B, respectively), and can be
calculated according 10 the following formula:

Al=WT (n lotrom B
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When there is more then one step of threads in the
- conncction (for example, 2 two step thread wherein ane
section of threads is followed by a centex-shoalder seal,
followed by a second scction of threads Jocated st a grester
axial distance from the longitudinal axis of the comnection),
the thread widih can be constapily increasing from the
leading cdge of the pin member all of the way to the end of
the connection; or, aliernatively and preferably, the thread
width is increased progressively within esch step of threads,
beginning with the miniranm width thread at the pin leading
edge siep of threads and the minimum width thread begin-
ning agsin at the forward edge of the second siep of pin
threads.

The preferred double hook thread, in teyms of mechanical
pafonmance, exhibits a positive sisb flank angle and a
negative load flank angle, the absolute sum of which (with-
out regard to sign on the angle) renges from ahout 5 degrees
10 abont 20 degrees. Typically, the nepative load flank engle
does not exceed about 8 degrees and the positive siab flank
angle does not exceed about 4 However, in terms of
ease of machining and minimizing the lead adjustments, AL,
the absolute sum of the positive sisb flank mngle end
pegative load flank angle shonld range from slightly greater
than 0 degrees to less than 5 degrees, with the negative load
flank angle ranging from about 1 degree 1o about 4 degrees.
When this redoced sbsolute sum of load and seb flank
angles i3 uacd, it is not necesaary o use constantly increas-
ing thread width to permit in! of comection
member threads, Prefershly the load fiank angle is a larger
(greater) absoluts angle than the stab flenk angle, since for
thread profiles having crests snd roots which are parallel w0
the connection longimdinal sxia, the load flsnk length is leas
than the stab fiank lcogth, a3 can be observed in viewing ioad
flank 614 snd stab flank §12. Also, when the connection is
operting under the mom scvere service conditions, the
thrend load flanks cxperience 2 greater applied force than the
nsd fianky.

FIG. 6B fllustrates corresponding pin 660 and box 670
croas-sectional proflles of ooe embodiment of single hook
thread, 600B. The thread profile of full height threads from
a partion of pin member €50 is shown as it would appear
within the threaded wbolsr section of the present invention.
The dimingulshing fexture of this embodiment of single
hook thread is that jts sab fiank €52 exhibits a zero degree
mple o with respect 1o & line to both the
commection longitmdinal sxis and the thread root wall, while

inludmiﬂuhﬂliulmnlﬁveu_gleﬂm“m )

a line i to both the congection axis
snd the thread moot wall. For example, referencing the thread
profile of pin member 650, sab flank 652 forms a fight angle
with reference to the comnection longitudinal axis, or zevo
degree sugle o with respect to & line j 1o root
wall 656, while Joad flank 654 forms negative angle B with
respect to § line perpendicular 10 oot wall 658. In a
comesponding manner, referencing the thread prafile of box
member 670, stab fank 671 forms a rero degree mgle o
with = line perpendicular 1o root wall 676, while Joad flank
€74 forma & negative angls P with a line perpendiculer to
root well 676.

The single hook thread exhibits a negative siab flank
angle which renges from 2ero (0) degrees to about 45
degrees, and exhihita a negative load fiank angle which
ranges from grester than () degrees to about, 15 degrees. If the
load fisnk angle is a large negative angle, and the stab flank
angle is less than ihe loed fiank sngle, thereby producing
thread crests wider than adjacent thread roots, the use of a
constantly increasing thread width from the leading edges of
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the pin, as described above for a double hook thread, may be
“necessary o perroil proper interengagement of the pin and
box members of the comnection upon initial lelescoping
(stabbing).

A more preferred ringle hook thread profile, due 1o case
of machining, is the profile wherein the negative Joad flank
angle ranges {rom grester than O degrees to less than §
degrees and the negative atab flank angle mnges from zero
degrees to ahout 2 degrees, with the absoluie sum of the
mngles being less than 5 degrees. When these reduced
negative load flank mod sisb flank angles arc used, it is not
neceasary 1o use congant]y increaging thread width 1o permit
interengagement of connection member threads. The neces-
sary clearance iy provided by making the thread crests
narrower than the thread roots

FIG. 6C illusirates ancther thresd profile embodiment
600C suiteble for use in the comnection of the presemt
{pvention. This thread profile is panicularly soitshie for &
comnection having a center-shonlder seal (soch as the locked
double shoulder) in combination with a single run-out thread
and full height lead-in thread on the cocresponding member,
«n oach side of the center-shoulder scal. The thread profile
of full height threads from a postion of the pin member 659
in moother embodiment of & single hook thread as it would
appear within the threaded tubular section of the presem
invention. This particuler embodiment of s single hook
thread feanires & load flank 694 of pin member 690 thresd
which exhibits a large negative angle f and u piab fiank 652
which exhibis a large negutive angle o Genenlly, angle a
is greater than angle B, and consequently, dimensions can be
formulated with flnk to flank (load 10 siab) beating threads,
kaving clearance between thresd roots anxd crests, for
cxample, with clestance between ool €96 of pin member
50 and crest 699 of box member 698, This is in contran
with the douhle hoak thread of FIQ. 6A and the xingle hook
thread of 6B, which are more suitable in & form wherein the
thread roots apd crests provide besring surfaces with clese-
ances between correspending stab and load fixnks, Flank to
flank besring thresds of the kind shown in FIG. 6C can be
used to modify the interference in the nun-mn section of
thrends.

The sngles of the single hook thread profile shawn in 6C
typically sre such that the negative load flank engle ranges
from about 5 degrees o about 15 degrees and the negative
stab flank angle rmges from sbout 5 degrees W sbout 35
degrees, with the stab flank angle being larger then the load
flank sngle by sboat 10 1o 15 degrees.

HFIG. 6D fllustrates cross sectional profiles of & preferred
double hook thread 600D. The preferred double book thread
exhibits a positive stab flank angle o renging from nearly a
zero degree angle to &n angle of less than 2 degrees, sad a
load fiank sngle f which hay been reduced to a small
negative angle, ranging from nesrly a zevo degree angle 1o
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near fight agle with reference 10 the conacetion Jongiuudi-
“nal axis, 1ip 15 a néfative anphe of less than 5 degrees with
a line perpendicular 1o roud wiall H8N, box
member 689 thread exhibits the same ranges of siab flank
angle and load flank anph- fanycs a~ thasc just described. It
is nol neceasary 1o usc prugrewsavely incressing thread width
o it conneetion mwemivt threwd  inlerengagement
(proper meshing afier swahting) when o prefemed double
hook thread profile of the hind showr in FIG. 6D is used.
This thread profile is essentiahy & nudificd square thread.

The mom preferred thread pronic for use i the
invention is onc haviny 2 nepative load flank angle end &
zero degree or positive Mab flaek anple with a chamfered
atab fisnk, which provudes sell cenwenng action upon initial
tclescoping of conmectnn memdens Tymcally a single hook
tread profile (to which thie thical profile is similar)
requires 8 variahle wwith theea! 10 permil proper interea-
gagement of the threads 116N 7A TC illustrmte & thread
mrofile having a negatn e haa tani angle and & zero degree,
chamfered siab flank 1t convwaguw with 3 varishle width
thresd. The thread pronle o2 pr member 750 compuises »
load fiank 754 having 2 ncratine angle. P. and a chamfered
siab flank 702 having a scne wpnee angle, o; the chamfer
756 exhibils & wnth. w 2! 4 chamicr degree, M), is &
fupction of thrend mwh an! Liner Thw hnpht 758 of chaomfer
756 is approximaicly eyua! v e iews than the height of stab
flank 752 minus the heigh: of the preveding loed Benk 754,
or the “nep height.™ The triva! prosic of box member 770
compriscs 8 load flani 774 huving a negative angle, B, and
a chamfered stab flunk 772 kuvinr a zcro degres angle, a;
the chamfer 776 cxhitiiy o wisit, o amd a chamfer degree,
1, with 8 chamler heipht whi . s the same as the chamfer
height of pin memivct 740 Mon nwmier TH) chamber width,
degree, and height arc dowmuoned in 1he manner described
for the corresponding i macmmwt 750, with the chamfer
degree being a funciem u! threa! width and 1aper and the
resulting chamfer hewyh: hwanyg appeosumately equal to or
leas than the siep hewphi  \n invreased chamfer height
provides increased acll cenienine atun and is preferred;
however, a chamicr lmrh. freaier than the sep
provides no advaniage A chamicr wadth, @, of leas thao
0.005 inches is preicmed

In sizing 1he commxine of I peesent invention, the
locarion of ihe radial centerine of the ccrier-shoulder aeal is
deiermined with relevene W the sutude and inaide diam-
eters of the pipe. The take oul piunt of the connection thread
sccuons is dewermuncd by the murumum required wall thick-
ness at the terminal cmeds ol the connection, The length of a
thread seclion is a {uikinn o ihe angle of taper of the
threads mnd the chanpe in dumcier of the thread, Since the
thread sections on cach snde ol the center-shovlder seal
should bear approsimnaicly one hall of the load on the
conoection, the amauni uf engaged thread length may be
calculated to ensure that the threais do not shear off under
load. Knowing these parametens. one skilled in the et can
then determine the thread tapor.

FIG. B8A illustraics an avsembled whular connection 800A
of the present invention. Conncction 800A includes a ses of
muo-gut, run-in threads. sct 802 amd w1 804, on each side of
a center-ghoulder scal 10. which is shown a3 & Jocked
double shoulder configuration. The thread profile shown is a
double hook which is shown enlarped on a portion of pio
member 820 and box member 830 in FIG, 8B, Douhle hook
threads having a positive stab flank angle o and a negative
lond flank angle B, the absolute sum of which i grestes than
about B degrees, require variahle. consently incressing
thread crest width (i.c.. a kead adjusimeni between the sab
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and load flanks) for proper meshing of the Aanks, afier the
threads are telescoped, during hend tight make up. The use
of variable width threads permits clearances between llanks
in an sssembled comnection to be kept & m minimom
{(typically no more than about 0.003 inches). Thus, when a
thread compound containing particulate maxter is uscd dur-
ing aszsembly of the connection, an additional scal can be
formed between thread fanks due to the bridging action of
the particles between flank clearences. Generally, such a scal
can be formed only if the flank clearsnces are less than about
0.00S inches.

F1Q. 8B shows portions of pin member 820 and box
member 830, respectively. Stab flank 822 of pin member
820 exhibits a posiive angle o of sbout 5 degrees, for
example, and load flank 824 exhibita a negative angle fi of
sbout 8 degrees, for example. The variable widih full height
thread profile shown on the portion of pin member 820
uhihlummngﬂenwmmwmhmndimth
the varishle decreasing width thread on box member £30,
which cxhibits increaging root width 8§28,

When double hook threads having constent width cxests
and roois (not shown) are used in the connection of the
mmmﬂm.lwﬂmkdm(lm&ws

nches, depending on the dexign) is required, making sealing
ntheﬂnndﬁmhunm'lhnmnpuznullfw
fluid leaknge across the threads. Comsequently, either the
preferred double hook thread profile wherein the sbasolute
mm of the flank angles is less than 8 degrees or s conven-
tional single hook thread profile musi be used 10 achieve
thoead sealing when the thread profile exhibits comstant
width crests and roots.

FIG. 9 illustraies enother embodiment of an sasembled
tubular connection $00A of the present invention. Connec-
tion $00A includes a dovble set of run-out, nm-in threads,
st 902 and set 904, adjacent cemter-shoulder seal 910
combined with a second sel of run-oot, mn-in threads, set
906 and sl 908, adjacent the terminal ends of the connece-
tion. Prefersbly center-ahonlder seal 910 is a locked dowhle
shoulder configuration. Connection 900A is shown with a
single hook thread profile, having a chamfered stb fiank.

As shown in FIQ. 9B-9D the thread profile of & portion
of pin member 950 includes a single hook Unead having a
stab flank 952 exhibiting a fight angle with reference con-
nection S00A Jongitudinal axis 14 (or & 0 degree angle a
with reference to & line perpendicular to the longitudinal axis
and 10 snd ot wall 966, and having & load flank 954
exhibiting a negative angle B with respect to a line pexpen-
diculer to the coxmection Jongitudinal axis 14 and thread root
wall 968. The negative load fank angle P is preferably in the
mnge from about ) degree to about 10 degrees. The thread
profile of box member 970 is complementsry to that of pin
member 950,

The mos preferred embodiment of the present invention
is connection 900A shown in FIGS. 9A-8D which utilizes a
double set of nm-ont, run-in thread sections and a locked
double shoulder ecnier scal, but having a variable width
thread with s single hook thread profile including a chum-
fered stab flank, ss shown In FIGS. $B-9D. This embodi-
menit provides the smoothest flow of forces between the pin
member 950 and box member 970; provides high wnsion
cficiency; and, also provides excellent scaling engagetment
for preventing fiuid penetration imo the (hreads and through
{acrom the threads of) the connectipn. The negative load
fiank of the single hook thread capses the iwo Lhread zones
on each side of the center-shoulder seal move as a umnit, and
the chamfeved sab Omnk provides acif-cemering sezion
during initial telescoping of the pin member 950 into the box
member 970.
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The mun-out, ran-in thread sections of the present inven-

K |
insensitive lo varying loads placed on the connection. The

~tion fade-in-the-thread-iond-gradually-and-thenfade out the™ -~ —locked double shoulder seal shawn at 910 of cormection

thread load gradually. Full height threads like those typically
used in the prior et canse the thresd load w abropily
increase, thereby transferring a larpe force abruptly, whichin
tom caused undesirable bending moments within the con-
nection.

The \ension eficiency of a connection depends upon the
extent to which the pin and box member are formed
Genenlly, the more forming, the preater the cificiency
which can be achieved. Thus, grester efficiencies may be
achieved in slim line connections which may have up 1o &
3.5% greater outside dismeter than that of the wbular pipe
than can be achieved in flush joint commections which have
the same outside diameter s the pipe.

The double set of run-in, mon-out threads of connertion
900A is preferred since this provides maximnm milizstion of
availgble pipe wall without the waste of space in the form of
clearances and geps in the threads for which there is no
complementary engagement. Purther, it is desirable not to
have wasted space in the farm of relief grooves, cut-outs, or
other metal reduction. However, the relief gmooves of the
kind shown at 118 and 120 of connection 100 are vot critienl
because they are located in the larger cross-sectional aveas of
pin 162 and box 106. Thus, they do not become critical in
the overall efficiency of the comection,

With the single book thread profile, as shown in FIGS.
9A-9D and recommended for use in cormection S00A, an
interference between the major and ntinor thread diameters,
Le. thread crests 964 of pin 950 end thread roots 984 of box
970, can be developed on power fight make up. Furthermare,
interference between adjacent load flanks and minimal clesr-
ance between adjacent stab flanks can be provided on power
fight make up. Any interferences of the roots and crests of
the threads causes & hoap streas in the pin and box members
650 and €79, respectively. Consequently, upon power tight
make-up, if my imerference is present, the thread metal
iends to move doe to Poisson's effect canging the load fianka
to butt up and engage. The interference will vary depending
upan the pipe diamesers and the grade of the pipe. With
reference to FIG. DA, preferably, the dizmetical interfier
ence is maxintized at thread sections 902 and 9504 adjacent
center-abhoulder seal 9160 and is gradusily redoced to a
mminimum st thread sections 906 and 908 at the ierminal ends
of connection $00A. This gradual reduction in dismetrical
interferenice is designed 1o protect the thin walled member
thread sections such a8 934 of pin member 950 &t the
termingl ends of the connection. The larger cross-sectional
areas adjacent the center-shoulder seal $00A are more rigid
and therefore can have grester dismesrical imerference and
absorb greater hoop strese. The cross-sectionn] areas of both

step adjacent each side of the center shouldar seal 910 are
designed 10 be spproximately equal The inner dizmetriea]
interference between the thread creats and roots is controlled
10 achitve imear stressss in the grester cross-sectional area
of the box and pin members as well as achieve linear stresses
&t the thinoer cross-sectional sress of the pin snd box
members adjacent their terminal ends. A cenain amomt of
diamerrical imerference is required to achieve a tight
interengaging fit of the threads. The general rule is that the
imerference will vary between 0.001 and 0.002 inches per
inch of diameser, with less imerference i the terminal ends
of the connection then adjacent the center-shoulder seal,
The preferred center seal is ane tha is isolated to the loads
placed an the pipe string. In other words, center shoulder
seal 910 of comnection S0DA should remain sable and
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900A incluces redundant sealing systema, Le.llmluplnly
of metal-to-metal seals, to achieve an cffective sealing
engagernent such thet the scal docs not deactivate upon the
spplication of various loads to the copnection such =
internal mnd external pressure, axinl tenxion or compression,
and tomional and bending momenty.

The prefered embodiments of the present invention, as
described sbove and shown in the Figures sre not intended
1o limit the scope of the present invention, m demonstrated
by the cleims which follow, since onc skitled in the art can,
with minimal ex , extend the scope of the
embodiments to mateh that of the claims.

What i claimed is:

1. A wbular connection comprizing a1 Jeast two members,
wherein cach member comprises st least two threaded
seclions baving a center shoulder disposed between said ot
lnnmhuledm-ﬁlmmmmulm;ly
engaging to form a center ahonlder seal configuration, sald
at least two threaded sections intluding at least one stabi-
hm;ﬂnudmmonu:hmaimmmh:
adjacent said center ahoulder seal engaging
threads on the other connection member, llulnnlilhml
thread section comprising a foll run-out thread section for
threaded sections including threads having means for stahi-
lizing said membens during make-up of the commection,

2. The mbular comection of claim 1, wherein the profile
of said threaded sections is & double hook thread profile and
whereln said ot least two threaded sections include full
height chreads sod said stabiliving means includes a chamfer
an the stab flank of mid full-height threads,

3. The tubulsr cormection of claim 1 wherein said cemer
shoulder seal configuration is & hook shoulder thread profile
and wherein mid st least two threaded sectiom inclode full
helght (reads xnd mid subilizing mesmy incindes a chamfer
an the stab fank of said full-height threads.

4. The'tubular connection of claim ] wherein said center
shonlder seal configuration is & square shoulder with frostum
scal

5. The tubuier connection of claim I wherein said centar
ghoolder seal configaration includes anmmlar shoulders.

&. The whulsr comtection of clzim 1 wherein sald cexuer
shoulder scal configurstion is a shoulder comprising
grooves.

7. The wbulsr connection of claim 1 whesein said center
shoulder seal configursiion is & shoulder comprising an
annulus having an axial oodercyt,

8. The tubulsr connection of elzim 1 wherzin each of sald
center shoulkders forms a groove and sald center shoulders
extrude a portion of their mass latemlly into said grooves
npon assembly of the cormection.

mmmmmmmm
8t least two threaded sections with a center shonider
disposed beiween aaid st lesyt two threaded sactions,
said cexter shoulders sealingly engaging 1o form a
center ghoalder acsl configumtion;

said at least 1wo threaded sectioms inclnding at lesgt one
stahilizing thread section prescat on each ssid connec-
tion member engaging ihreads on the other connection
meanber, said al leant one stabilizing thresded section
m:lndln.lnn—ﬂlhudnwmhud qm-.:d

each member baving said ran-out thread sectiom located
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.. between_ said ceoley shoulder seal configuration and

said lcading Lerminal end; and

seid threaded sections including threads having means for

centering one member with respect to the other member
make-up of the connection.

10. The mbular comnection of claim 9, wherein each said
conncction member includes 2 foll-beighn lead-in thread
seclion opposite said run-out thread section on the other
connection membex.

11. The wbular connection of claim 1@, wherrin each
connection member includes & thread relief groove located
thread section,

12 The wmbular conneciion of claim 11, wherein said
members each have trailing ends and further include ot least
one mdditional siahilizing nm-out thread section between
suid center shonlder seal configuration and szid treiling end
of cach connection member.

13, The mbular connection of claim 12, wherein said
center shoulder seal mﬁpmn commprises 3 locked
double shoulder

14, The mbulsr comnection of claim 11, wheyein ssid
m—ﬂmldunﬂwnﬁgmlﬁmeomprhulhehd
double shonlder configura

15 Mtuhﬂn'mmmlmofuldmlo.wherdamd

16, The tubuler connection of claim 10, wherein said
members cach have trafling ends and further include at least
onc additional stahilizing nm-out thread section between
said center shoulder scal configuration and said trafling end
of each comnection member.

17. The tubular cornection of claim li.whm-.lu-ld
center shoulder sesl confipuration comprises a locked
double shoulder

18. The tthulsr connection of claim 17, wherein the
profile of taid thresded seclions is a singlc hook thread
profile, and wherein said ceniering means includes full-
beight threads having chamfered atab flanks.

19. The tubuler connection of claim 17, whereln the
proflle of said thresded sections is » double hook, and
wherpin the absoloie som of the positive sinb flank and
pegative Joad flank angle is less than S degrees.

20. The mbular connection of claim 17, wherein the
profile of said threaded sections is a single hook, wherein the
negative load flmk eangle is less then 15 degrees, and
wherein the stab flank engle ranges from 2cro degrees (0 a
negative angle of about 35 degrees,

21. The tbuler connection of claim 20, wherein asid
negative load flank angle is less than 4 degrees, wherein the
absolute sum of said negative Joad fienk angle and said stab
flank angle is less than 5 degrees, and wherein sxid centering
mexns includes full-height threads having chamfered atab
flanks.

23. The wbular comnection of clelm 16, wherein the
pofile of mid threaded sections is a singls hook thread
profile and whemin said centering mesns includes full-
height threads having chamfered stab flanks.

3. The twbular connection of clasim 16, wherein the
profile of ssid threaded sections is 8 double hook, and
wherein the sbsalmte sum of the positive stab flank and
oegative load flank angle is Jess than 5 degrees.

24. The tubnlar conneclion of claim 16 wherein the
profile of said threaded sections is a zingle hook, wherein the
negative load flank angle is less than 15 degrees, and
whezein the stab fank sngle mnges from zeyo degrees to a
oegative angle of about 35 degrees,
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25, The mbunlar connection of claim 24, whexein mid
negative Joad flank angle is less than 4 degrees, wherein the
absolute sum of said ncgative load flank angle and sajd sab
fiank angle is less than 5 degrees, and wherein anid centering
means includes full-height threads heving chamiered sab
fianks.

26. The tubular connection of claim 9, wherein each said
member includes a run-in thread scction at a location
corresponding with said run-out thread section on he cor-

27. The wbular cosmeclion of claim 26, wherein said
center shoulder seal configuration comprises a locked
double shoulder configuration.

28. The tubular connection of claim 26, wherein said
members each have trailing ends and further include al least
onc additional sahilizing run-out thread section between
said center shoulder soal confignmtion and said railing end
of each comeciion member.

29. The mbulsr connection of claim 28, wherein said
center ghonlder sesl configuation comprises n locked
dnnblenlmldn'mnunum.

3. The tubuler connection of cleim 29, wherein the
profile of sxid threaded sections is a single book thread
profile, and wherein said cenlering means includes fulk
beight threads having chamfered stab fianks.

31. The mbular connection of claim 29, wherein ihe
profile of szid threaded sections is a double hock, and
wherein the sbsolute sum of the positive stab Aank and
negative Joad flank angle is less than 5

32. The mbular connection of cleim 29, \vhm:nlln
poﬁl:uflddlhtud:dnmmlulnglehnuk.whuunlhz
ncgative load flank sngle is less then 15 degrees, and
wherein the stab flank angle ranges from 2ev0 degrecs 0 2
negative angle of about 35 degrees.

33, The wholar connection of claim 32, whercin said
negative load flank angle is less than 4 degrees, wherein the
absolute sum of mid negative Jond flank angle and sxid siab
flank angle is Jess than 5 degrees, and wherein said centering
means inclodes full-height tneads baving chamfered stab
flanks.

3. The mbalar connection of claim 28, wherein the
profile of sid threaded sections is a single hook Umead
profile, snd wherein said centering mesns includes ful
height threads having chamfered siab flanks.

35. The tmbulsr connection of claim 28, wherein
profile of sald threaded sections is a dovble hook,
wherein the shenlute sum of the posilive sab flank
negative Joad flank angle is Jess than 5 degrees.

36. The whuler connection of clsim 28, wherein
profile of said threaded sections is & single hook, wherein

L]

oegative load flank engle iy leas then 4 degrees, wherein the
Muumofmdmvekﬂﬂmkmglemdudmh
flank sngle is Jeas than 5 degrees, and wherein sald

means includes full-height threads having chamicred sish
fienks.

38. The whulsr comection of claim 9, whercin cach
member's 2 lesst two threaded sections are comprises of a
two sep thread,

3. The mbular connection of claim 38, wheren said
ceier shonlder seal configurmion comprises a locked
double shoulder configuration.

40. The mbular connection of claim 1 ar claim 9 wherein
said ceater shoulder seal configurstion comprises & Jocked
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double shoulder configuration.

-~=—~1-The tubular-connection of claim-1-or claim-9, wherein

the profile of ssid threaded sections is a single hook.

42. The ubular connection of claim 1 or claim 9, wherein
the profile of said threaded acctions is a double hook, and
whertin the sbsolule sum of the posilive stab flank and
negative load flank angle is less than 5 deprees,

43, The wbalar connectivn of claim I or claim 9, wherein
the profile of said threaded sectumns is a single hook, wherein
the negative load flank angle i less than IS degrees, and
whertin the stab flank angle ranpes from zero degrees o s
negative angle of about 3§ deprees

44. The wbalar connection of ckum 1 or claim 9 wherein
aaid center shoulder scal contiperation is a square shoulder.

45, The connccrion of clum 9 wherein said cemer seal
shoulder configuration inchsdes 2 hral shoulder having a firet
mnderain surface on said boy member and a second shonlder
baving a second undercul suriace on said pin

46. The connection of claim 48 wherein said first shoulder

i engages 5aid sccond undcrout surface and said
second shoulder scalingly enpapes sad firn undercut sor
face.
47, The connection of (lum 46 wherein said fint and
second imdereut surfaces cach have a portyon thereaf which
interferringly enpages s wxond and first shoulders
respectively.
48, A whular conmechon curynang Two wbular mem-
bers, wherein cach conncvtun memter onmpriscs threaded
seclions having a cemer smuchht divponad beiween two of
sald threaded sectiom. sud coner shoulders sealingly
cogaging 1o form a cemur shwubder wal configuration, each
comnection member having a keating terminal end and a
truiling end, said threated sectwms including g first rup-out
thread section adjacent samd conier shoukder seal configom-
tiom for engaging threads o anher commectian member and
located between said conter stwubder weal configuration and
sald leading terminal end. & sevond run-ount thread section
adjacem the wailing em! of cah vemection member; a
run-in threaded sectons on 4T «unncvton member located
opposite said run-oul Ureaky scctum on Lhe other connec-
tion member: and said theeadod sovtions having threads with
‘chamfered mab flanks
49. The tubular conmxian of clam 48, whereln said
center should scal conhguratun compnscs a locked double
shoulder eonfiguration
50. A wbular conncclion compaving:
pin and box memben hasing cngaping threaded sections,
said box member having a it center shoulder and asid
pin member having 2 vevond center shoulder, asid first
and sccond cenier swnbhTs fnrming a locked donble
shoulder configurauon.
said first center shoubder mcluchng 3 first shovlder and &
first underow surface. sasd hrat shoulder snd first under-
cut surface forming a surtce catcnding therebetwee;

anid second center shaulder including a second shoulder
and  sccond undercul surface. said second shoulder
antd second undercut surface jorming a second surface
cxiending thercheiween:

aaid first shoulder sealingly enpaping said second under-

cut surface and said second shoulder sealingly engag-
Ing seid first undercut surface; and

aaid threaded scctions including threads having mesms for

cenlering said pin member within azid box member

doring make-up.
S1. The tubular connection of claim 59 wherein sald firmt
shoulder includes a first exicrior scaling surface and said
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first undercut surface includes a first interior sealing surface;

— waid- second shoulder includes a second exicrior sealing

surface and paid second wndercat surface includes a accond

interior gealing murface; said firm exterior acaling

moface forms a memal-io-metal seal with said second interior

scaling swface and maid second exterior sealing sarface

Mfmamml—m—mmllulwllhmdﬁmmmlng
Bce.

52. The tubuoler comection of claim 51 whercn seid firat
and second cxternal sealing surfaces are formed by beveled
susfiaces on azid first and second shoulders.

53, The tobular cannection of claim 51 wherein said box
guiding said Gt and second exierior sealing surfaces into
sealing engagement with said sccond and firat interior seal-
ing sofaces respectively.

54. The mbuler connection of claim 50 wherein said firat
and second surfaces arc genernlly paraliel to the axis of the
counection,

55. The tnbular connection of claim 50 wherein said first
surface provides a seal with ssid second surface.

56. The tubular connection of claim 50 wherein sxid box
member further includes a it interor mmp surface extend-
ing from said first undercut surface and a first exterior mmp
member further inclndes a second imterior ramp susface
extending from sald second undercut surface and a second
exterior mp surface cxtending from sadd second shoulder,
said first interior ramp smface sealing with sald second
exteriar ramp surface and sxid second interior ramp surface
scaling with said first exterior mmp surface,

§7. A mbe and coopling connection compriging;

a tbe member and a coupling member having engaging
threaded sections, sxid tube member having a first
center shoulder snd sald coupling member having a
second center shoulder, said first and second center
shoulders farming a locked donble shoulder confign-
mton;

said first center shoulder including a firgt shovlder and &
first undercut nface;

sald second center shovlder including & secand shoulder
and a second undercut surface;

sald first shoulder sealingly engaging asid second under-
et srface and said second shonlder sealingly engag-
ing said first undercwt sorface; and
centering said wbe member within said coupling mem-
ber doring make-up,

58. A method of atabiliring 8 tubular connection witich
comprises 21 least two tubular memhbers having & lesding
terminal end with each member having at least two threaded
sections with thresds having chamfered mab flanks and
baving a center seal disposed beiween ssid mt least two
threaded sections, said method comprising:

engaging the chamfered stab fienks of the threads to
cender one tubnlar member with respect o the other
tubular member;

sealingly engaging the center seals to form s center seal
configurstion;

utllizing & run-out thread section as one of sxid at lesst
two threaded sections adjarent aaid center seal con-
figumtion on each comnection member for engaging
threads on snother tubular member, and

Jocating zeid run-out thread section adjacent sxid center
seal and beaween sald center seal confignration and sald
leading termina! end  stahilixe the center seal con-
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figuretion. .
59. The method of cleim 58, including milizing an addi-
tional run-oul thread section near a tralling end of each
cormection member.

60. The method of claim 58 or claim 59, including
wilizing a run-in thread section on one member with said
run-oul thread section al 8 comresponding location on the
olher member.

61. Threads disposed an pin and box members of a tubular
conncction comprixing:

firnt and second pin thread sections having different

diameters on the pin member;

firsl and second box thread sections on the box member,

said first pin and box thread sections and said sccond
pin and box thread sections adapied for threaded
engagement;

each of said threads on said thread sections including

chamfered sisb flanks as the stab flanks for at least the
individual thread members on the pin and box which

come into contaci ypon initial telescoping of the pin
mu‘nhumloﬂlebuxmmbuuﬁbmhﬂlrmm
and

eaid first pin thread section adapted to stab through said

sccond box thread section for engagement with said
first box thread section whereby ssid chamfered stab
flanks on said first pin and box thresd sections comtact
end said chamfered stab fianks on said sccond pin and
box thread sections contact for cemering the pin mem-
ber within the box member,

2. The threads of daim 61, wherein the threads include
tapered threads and the height of sald chamfer on aaid
tepered threads is sbout equal to the step height from the
Mulnﬂﬂmkmn:dmbﬂnkoflﬂdnpued

i!'l'hellnldlddumil wherein ssid threads have a
Joad flenk angle which is a negative angle of less thm 15

@4. The threads of clgim 63, wherein gid threads have a
stab flank angle which ranges from a negative angle of less
than 8 degrees to a positive angle of less than 8 degrees

65. The threads of claim 64, wherein axid stzb flank angle
ranges {rom an angle of zevo degrees to a positive angle of
less than 3

66. The threads of elaim 65, whexein the absolute sum of
sald negative load fank mglc and said zero degree to
positive siab flank angle is less than 3 degrees.

67. The threads of claim 66 wherein axid siab fiank angle
is essentiglly a zero degree angle.

68. Threads disposed on pin and box members of & tubular
connection, each of mid threads including chamfered stab
fianks as the siab flanka for at least the individual thread
members an the pin and box which come into contact upon
initial 1elescoping of the pin member Into the box member
of the tubular connection, said threada being variable width
threads having progressively i thread width.

. The threads of claim 68, wherein the (hreads include
iapered threads and the height of said stab flank chamfer en
said tapered threads is aboat equal to the siep height from the
p'ewdm; load flank to said siab fiank of said tapered

nAmbm:mnrmlHUnlmbuluplpbndy
and having a terminal end, at least two threaded sections and
a cenier shoulder seal configuration disposed between said at
least iwo threaded sections, amid 6t lesst two threaded
sections including at lesst. ane stabilizing thread section
adjecent said cemter seal configuration, said stabilizing
thread section comprizing a fost ron-out thread, said
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threaded sections including threads having chamfered stab

flenks.

71. The tubular connection member of claim 70, wherein
said mcmber includes a second run-out thread section adje-
cent said Wwbaler pipe body.

72. The mbular comnection member of claim 70 or claim
71, wherein said center-shoulder scal configuralion com-
prises a double shoulder.

73. The tubuler connection member of claim 72, wherein
said threaded sections include a thread profilc having a
negative load Sank angle of leas than 15 degrees and & siab
flank having en angle ranging form zero degree angle 10 a
positive engle of less than B degrees.

74. The tubnler commection member of claim 73, wherein
said & least two threaded sections include full beight
threads, ol leagt the full height threads being tapered and
wherein the full height thread sisb fianks which will come
inio contact npon inital ielescoping of & connection pin
member o a connection box member are chamfered

75. The tubular conneclion member of claim 74, which
the height of said chamfer is about equal to the step heighl
between the preceding load flank and aaid chemfered atab
flank.

76. The mbular connection member of claim 75, whereln
said thread iy a veriable width thread having progressively
increasing width as said threads progress away from aald
terminal end

77. The tubuler conmection member of claim 70 or clsim
71 wherein said threaded sections include a Uhread profile
having a negative load flank angle of less than 15 degrees
snd a sish flank having an angle ranging from a zero degree
angle 1o a positive angle of less than 10 degreea,

78. The tnbular connection member of claim 77, wherein
said ot lesst two threaded sections includes full height
threads, at least the full height threads being tapered and
wherein the full helght thread stab flanks which will come
imto coniact upon indlial telescoping of a commection pin
member into A connection box member are chamfened.

79. The tubnlar connection member of claim 78, wherein
the height of said chamfer is about equal 1o the step heighi
beiween the preceding load flank and ssid chamfered sub
flank.

80. The wbular connection member of claim 79, wherein
stid threads are varinble width threads baving progressively
increasing width ax asid threads progress away from said
terminal end

81. A comection compriging:

a twbular box member having a tenninal end and snother

end integral with a wbular pipe body;

a mbular pin member having a terminal end and another

cnd integral with another tubnlar pipe body;
said pin and box membexs having a thick-walled portion
adjacent said whular pipe bodies s a thin-walled
portion adjacent anid terminal ends of said pin and box
3

nidpinnﬂhxhenﬂd:hlvingamlhmldu
between said thick-walled and thin-walled porions,
said center shoulders sealingly engaging to form a
center shoulder seal confignration;

. sald pin and box thin-walled portions baving a run-out
thread section adjecent said cemer shovlder seal con-
fguraiion;

said pin end box thick-walled portions baving a run-in

thread section adjacent szid center shoulder seal con-
figuration;

said thread sections having mesns for centering s=id pin
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member within sald box member; and
- wherein.upon-lhe-assembly-of the- connectjon;-there-is
threaded engagement between said run-om thread sec-
tions and sald run-in thread sections.
£2. The connection of claim #1 wherein said pin and box
thin-walled portions have a run-in thread section adjacen
said termingl end and szid pin snd box thick-walled partions
have & run-out thresd section adjacent asid tubular pipe
body, whucbyupmmblynfﬂ:emne:ﬂm.nﬂdnn—
ot thread sections threadingly engage ssid rup-in thread
sections,
3. The connection of cixim 82 wherein said pin ad box
thin-walled portions and thick-walled portions include a full
height thread section disposed between said run-in thread

84. The comection of clgim 83 wherein said threaded

engagementa are complementary engagements.
ﬁ.ﬂumnfdnml!whﬁdnd_nmmhdﬂn

86. The connection of claim 83 wharein the profile of said
threaded sections is a single book.
n.mm«mmuqumem

88. The connection of cleim §6 whereln sald single hook
profile exhibils a negative load fisnk sngie and a nagative
stab fank angle.

89, The connection of claim 88 wherein said negative load
flank englc mnges from zerp degrees to less than five
and anid negative stab flank sngle ranges from zemo
E:lmﬂlnmdegmmthlhclhnolummut
id angles being less than five degrees.

The commection of cxim 8] wherein sald center
shoulder seal configuration is a locked double ahoulder seal,

*‘ﬁﬁ
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91. The connection of cleim 90 wherein said locked
- tiouble-shoulder-peal is two 10 three tlimes as high in the
radial direction than it 1s wide in the axial direction.

92, The cannection of clgim 91 whercin said helght is 4
to % the thickness of the pipe body.

93. The connection of claim 51 whevein said center
shoulder seal includes anmular ahoulders on = taper with the
longitudinal axis of the connection.

94. The conpection of clxim 81 whereln the profile of sald
threaded sections is & dophle hook.

10 ™ 95, The comectian of claim 94 wherein said doublc hook

profile exhibits a negative load fiank angle and a positive
stab flank mngle,

96. The connection of clzim 95 wherein said negative load
flaxk mngle rnges from zero degrees to less than five

15 degrees and seid positive stab flank angle renges from xero

degrees to Jess than 1wo degrees with the absolute sum of
aaid angles being less than five degrees,

97. The connection af claim 81 wherein said pin and box
members arc made of formed metal.

2 98, The connection of claim 81 wherein the connection {s

a flush joint cormection with the outer diameter of sxid box
mhmlmﬂyhmnumdmd
said tubular pipe bodics.

99. The comnection of claim 81 wherein the conpection is

N , glim-line connection with the outer dismeter of said box

mesmber being no more than 3.5% greater than the outer
diameters of the tubuler pipe bodies.

100. The comnection of claim B1 wherein the cresta and
roots of tho threads imorferringly engage upon power tight

make-up.
101. The connection of claim 81 wherein there wre clear-
ances betweon adjacent stab flanks upon power tight make-

up.
102. The connection of claim 81 wherein said losd fianks

35 butt up and engage upan power tight make-up,
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Dascription

The present invention relates to pints or assem-
blies of tubes to be joined by means of threadings. and
concaems tubas used In industry and, in particular, as-
sembliea or threaded |unctions used in siringlines for
tubing or for lines of tubular production accessories or
for a casing for the operation or proapecting or explo-
tation of ofl or gas wells, as well as threaded assemblias
or junctions uged lor any purpose where it may be nec-
esaary 10 assembie pipelines or tubular acceseories
such as, for example, in gectharmal or éteam plants,
The threadad assembly according o the invention ie
particularly ussful in the assambly of metal tubes used
for the casing of oil or gas wells, as explained below.
The terms assambly or joint or junction will be used In
the text as having the sama meaning, excapt for pariic-
ular comexts. By pipoea, Is meant any type of tubes or
tubular components or tubular accessorles currently In
axlsience or likely to be pul lo use in industry, sald ubes
generally being metal tube.

Numerous types of assemblies are known for pa-
trolaumn or gme carrying tubea that yield satlefactory re-
sults from ths viewpoint of mechanical chamcteristics
and tightneas, even under iough conditions of uso. Cer-
tain of these assemblisa invoive the use of tubss
equipped with male frustoconical threadings at both
ends, which are assembled by meane ol couplings hav-
ing two corresponding female frustoconical threadings.
This manner of assembly offere the advantage of ren-
dering the two components of the asasmbly rigid, due
totha existence of the positive interference that one can
croste between the male ihreading and the female
thraading.

However, the extemal dismeter of thess couplings
la greater than thael of the comesponding tubes and,
when thaee assemblies are used with casing tubes, re-
quires the drilling of bore holes with increased diameter.
In the case of very deap welle, with a depth exceeding
4,000 meters, the initial dlameter of the well first casing
strings and consequently tha diameter of the well in the
vicinity of the surface may be iwice ae large using these
couplings as it could be using slim couplings having an
external diameter only slightly iarger than the come-
sponding tubes of the caeng siringa.

To prevert this difficully, one may use assemblles
wikhout a coupling or a sleeve. In this cass, the tubular
elemenis each have one male threaded end and one
female threaded end, making for a thin aseambly. Theee
assemblies or junctione are generally called integral as-
asmblies or junciions, in cortrast to assemblies or junc-
tlons employing a coupling or & siseve.

Such integral asssmblies are generally mads on
tubes whose diameter at the end corresponding o the
female threading is expandad, and whoae diameter at
the end coiresponding to the male threading ls raduced.
This is done In order to have sufliclert material in the
thickneas of the tubea to ensura the geometric and mea-
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chanical sirength of the assembly that joine the {ubas.
it is furthermora poesible to reinforce tha strength
of the male-female assembly by using threadings in two
successive sections instead of only a singls one, witha
change of dimansiona when passing from one section
to the ather. Thus, U.S. patent No. 4,624,488 describas
a threaded assembly compriaing two cylindrical thread-
ed eections having dilferent threading diameters. This
makes it possible to place a central ring-shaped abut-
ment betweentheae two sactions. This abutrment makes
it poscible to achieve suificient tightening of the thread-
ings while at the same time avoiding excessive on-
screwing. n the case of threads with negalive load
fianks, the abutment makas it possible to tighten thess
threacls on thelr negativa flanks and thia reduces riske
of axtraction dus to the action of traction stresses that
may or may not be combined with &trong preasures.

U.S. Paient No. 4,570,082 describes a similar as-
sembly comprising two threaded sections whosse
threading is cylindrical or frusioconical. The load flanks
of the threads there have & negative inclination, and the
abuiment between the threaded sectiona has a gener-
atrix that is inclined in the opposite direction. A eaaling
suriace is provided on sach element adjacent iotha cen-
tral abutment eo as to ensure melal-to-metal tight con-
tact due to the combinad action of the abutment and the
negative load flanks.

In the case of the two patents heretofore described,
the thickness of each of the two componants in the cen-
tral zona, on tha alda of the sbutment whara ite diameter
ls smaller, has a value that is further reduced by the
height of the threads of the adjacent threading section.
Thus, each component of the assembly has a zone pro-
vided with a critical thickneas that is reduced when com-
parediothe nominal wall thicknaess of the corresponding
component.

One way of reducing the haight of the frustoconical
threads at the end of the components of a junction, in
order to increasa the mechanical strength thereof, is de-
ecribed In British Patent GB 1,687,838, In Figures 6 and
7 of thal patent, ona can eoe threading ands comprising
so-cailed vanishing threads. However, this patent does
not apply to making thin and high resistance assem-
blles.

Patent Application PCT WO 93/18320 describes a
thraaded assambly for tubes, having a 1ight connection
made by use of a stabliized central ghouider. Thia sa-
sembly comprieaa lwo frustoconicel threadings that are
shifted with respect to each other, one of which presents
vanishing threads at least at its end near the central
shoulder. As shown In Figures 5 (A, B, C) or 10 {A, B,
C), sach component of the central shoulder la folded in
the shape of an annular hook, the two hooka being ault-
able for penetiraling each other. According 1o the de-
ecription, this interpenetration makes it poasible 10 ore-
ate several tight metal/maetal seals in ssries, which then
retain very good tightness. The use of vanishing threads
facilitates the assaembly by reducing the riak of jamming

“q_‘ & .
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male and female threads and it aleo makes it possible
to increasa the usaful saeclion of each of the two com-
ponents of the assembly in the vicinity of the central
zona.

Although the particular and complex siructurs of the
ceniral shovider dascribed in this PCT patent spplica-
tion may be designed to play a double role as abutment
and saal joint. experience shows that it i difficult {or
such a component to perform these two functions in a
satigiactory iashion. As a matter of fact, an abutment
must preferably have high strength if one wishes to stop
the advance of the male element inlo the interior of the
fernale elament et a cariain point 8o as to prevent ex-
cessive on-screwing. One can achleve this result rela-
tively easlly when the central abutment ie In 2 zone
whera the two components of the assermnbly have a large
cross-section and ere made so that they are tightly con-
nected together. On the ather hand, 10 gel good seala-
bliity, it Is necessary 1o have an alastic tightening of the
suriaces in conlacl, because oitherwisa one runs the
risk of being able 10 obiain tightness only by way of plas-
tic deformation. In this case, the junction rapidly loses
Ha seallbility qualities In the course of successive screw-
ing and unacrewing operations. This sealiblity losa i
eseentially due to the fact that surfaces are damagod by
galling.

The aforementioned PCT Patent Application indi-
cates that the use ol lubricants, such as AP lubricant,
makes It possible to improve the sealibillty of the joint.
But this type of lubricant has the dieadvantage, particu-
larly at relatively high tamperatures, of leaving solid de-
posits in the ring-shaped fokis, such as thoes shown in
Figures 5 (A, B, C). These deposite than obstruct a cor-
rect interpenetration of the hooka, Furthermore, the
threaded assembly desacribed in this PCT docurment em-
ploys specific threading shapes, In particular, in the form
of dovetalls that are more difficult and more expensive
to manufaciure and to use than standard thread forms
known for this type of application.

Gonsidaring these problema, the present inveniors
looked into the posaibiiity of making a thin thraaded as-
sambly for tubes, in particular, for patrolaum carying
tubes and other tubes ueed most ofien for drilling at
greal depths, with a eimple and effective structure. The
preaent inventore firet ided to make a central abutment
structure as etrong as possible In resisting delormation
in order to parmit setting the depth of advance of tha
male element into the femele element with greal preci-
slon. In the vicinity of the central assembly zone, the
present invantors tried 1o obiain a critical thickness for
each of the two male and {emaie elamenta that would
be as great as possible, while resorting to assembliss
whose outside diametar ie close to or a littis greater than
that of a mid-portion of the tube body on which the as-
sembly Is cut,

The possibiily of making metal/metal seale that
would also be afiective againat imlemal and axternal
ovar-pressuras and that, in particular, would be capable
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of protecting the threadinge of the assembly over their
antire langth agringt the penatration of fiuids coming
from inside or cutside was also examinad. The present
inventors furthermore researched the possibliity of giv-
ing these maial to metal seala the desired slasticity 8o
that thay may retain their tighiness in spite of the elaetic
daformations resulting from traction or axlal compres-
sion that may or may nol be combinad with internal or
axtemnal over-pressuras or even elastic bending of the
assembly with respect to ils axis.

The pregsnt inventors also expiored the possibility
of preserving this kind of eealability over many screwing
and unecrewing cycles.

Finally, the present inventors explored the possibil-
ity of achlaving sl of these results by means of simpla
machining methexis, permitling easy mounting of the as-
sambly in A single operation, where the central abut-
ment makea i posslble not only 10 control the mechan-
ical tightening conditions of the assembly but also the
conditions for obtaining sealabilily.

It is an object of the invention to provide a threaded
joint for fubss of the integral joint type thal achleves
some or all of the above resulte.

The threaded joinl, intended to connect two tubes
according to tho Invention, coneiste of a malo slament
and a female element placed al the enda of the tubes to
be joined. The male element is aquipped with an exter-
nal threading and the female element is aquipped with
an intemal thraading comesponding to the threading of
the mals slament. Each of thesa thraadings conasists of
two madially shiftad frueioconical sections, with the two
secllons of each element being ssparaied by a ring-
shaped abutment surface. Each saction is equipped
with vanishing thraads at each of its ends.

The threadings are advantageously made up of
threads whoee load flank has a negative alopse.

The helght of the vanighing threads in each thread-
ing end zone is limied by the corwergence of an extemal
or intemal Irustoconical surface, siluated along the pro-
longation of a mid-portion of the thraading and an inte-
rior or sxterior cylindrical suriace pamllel to the axis of
the ube.

The height of the ring-shaped abutment surface Is
essentially equal 10 the radial spacing of iwo cylindrical
suriaces that limit the heights of the vanishing threads
adjacent 1o eald central abutment eurface. At the end of
the screwing operation, engagement of the abutment
surfaces of the male and (emale elements causes the
tightening of the load flanks of the male threads against
the iemale threads. When these threads have load
flanks with negative angies, tha radial companent of the
tightening force enhances the radial cohesion of the
male and female alaments to each ather. The abutting
abutment surlaces form a shoulder-ike central abut-
ment. The term abutment or abutment aurface or shoul-
der will be used hereinafter as having the eame mean-
ing, except for particular contexis as the case may be.

On the male element and on tha famale slement, in
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each of the threading-free zones situated beyond the
end of asch of tha thraaded aections opposite lothe cen-
tral abutment surface, thers is posltioned a ssal surlace,
The two sealing surlaces situated on the same side of
the central abutment being dimensioned, positionad,
and designed to comrespond to each other and 1o con-
slitute a ring-shaped, fluid light metalmaetal contact
zone on the assembled joint.

In this way, the two ssaling surlacas which, on each
eide of the joint, conatitute a ring-shaped tightness zone
against the, respeciively, ntemal and extemal pressure
of the fluid circulating in the tubes or outskie the tubes,
are tighlened elastically againet each other when the
male slement i made 1o abut against the female ale-
ment at the ring-shaped central abutmant.

These sealing surlaces may be conslituted by all
surlaces which create, during the assembly of the joint,
an elastic daformation that ansures metal/metal comact,
all of the seaiing surfaces nat having necesasarlly the
same shape.

These seal surfaces ars advantageously formed as
fiusioconical surfaces. The angles of these frustocanical
surfaces may advantageously be between .8® and 12°,
the angle being measured with respect to tha commaon
longltiudinal axis of the joint. These values ame by no
means reatrictive. The values of the angles comaspond-
ing to one pair of baarings are nol necesearlly the same
&s tha values comseponding 1o the other pair. Ganerally
epeaking. thesa bearings are individually dasigned to
obtain on the inetalied joint a tighineas that raaulie from
a deformation that remains within the elastic domain.

As described Ialer on, the different factors cocper-
ating In making the threadad joim according to the In-
vartion permit one to obtain a joint with a diameter closs
to or only a little greater than that of the tube, which has
axcellent mechanical charactaristice and excallent tight-
ness.

As noted earlier, the joint comprisas two frusiccon-
ical threading sactions. At sach of its ends, anch section
has a amall number of threads that are calied vanishing
threads, for which the very emall Initlal height of each
thread increases from the elart of the threading in an
essentlally linaar fashion until i attaina the height which
ls that of the threads in the mid-portion of the threading.
This resuk le obtained for the two thraeading sectiona of
the mals compaonen by machining the roots of the
threads st the slart of the large-diameier zone of each
of these aaclions wilh a constanl slope and. hence, a
diamster that decreases from the point of departure and
up to the end of the mid-portion of the section. One ma-
chinea the creats of tha caxtesponding male threads to
have a constant dilameter, and thus to have a height that
incroasos from the point of departure of the threading
up to the start of the mii-portion and then, up to the end
of the section with the conetant thread height, extanding
paralisl io the slope of the roois of the threads.

Starting from the small-diameter and of the mid por-
tion, one machines tha roots of the male threads with
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consiant diametler, whersas the crests ol the male
threads continue 10 ba machined st constant siope up
to the inlereaction of the frusioconical suriace and the
cylindrical surface.

For the female slemant, machining is done in such
away that the mala and famale threadings will penetrate
each other in the vanishing zones of the thraads, even
though the residual height of the lalter is very small. To
achieve this, one does the opposite of what has just
besen describad for the male element. For each of the
iwo seclions of the female threading, starting with the
beginning of the large-diameter zane, one machines the
roots of the threads with a conetant diameter up to the
beginning of the mid-portion and then at a constant
slope, including the final zone with vanishing threada.
The crosis of the thraads are machined at constant
slope In the zone of Increasing height and in the mid-
portion, then with a conetant dlameter in the final zone
with the vanishing threads.

Ono can see thal, in the assembly thus oblained,
the critical thickneas zone in the mid-portion of the male
slemant corresponds to the dlameter of the Inlersection
ol the frustoconical envelope surfaca of the rools of the
male threads with the cylindrical envelope surface of the
oraats of the malo threads of tho threading section that
is closeat to the end of the comesponding {ube. For the
femaile element, tha critical thickness zone In the mid-
portion of the female slemant coresponds to the diam-
etarof the intersaction of the frustoconical envelope sur-
face of the roots of tha famale threads with tha cylindrical
envelope of the cresta of the female threads of the
ihreading section that is closest 1o the and of the corre-
sponding tube. Ona can ses that the radial ciatance be-
twean the two diameters thus defined corresponds 10
the maximum height thal can be given to the ring-
shaped abutment zone between the two threaded sec-
tions. The use of vanishing threads, as described,
makea it possible, for a cartain abutmeant haight, 1o give
the critical thicknass of each slement a value that will
bo as great as possible. The number of vanishing
threads at each end of each threading section depencie
on the height of tha threads &t the mid-portions and the
piich. In practice, each ol theee terminal zones comprie-
s moet oiten 3 to 4 threads; but this valus I8 not in any
way restrictive.

The mechanical strength of the two elemnents of the
foint with respact to each other depends 1o a good daal
on the profiie of the threading. One advaniageously us-
es thraadings whose load flank enauras metalimetal
contact on the joint in the screwed condition with a neg-
ative inclination, that is to say, where the load flank of
the thread has a genemtrix thet s Inelined toward the
outslde of the thread. The negative angle Is most often
between 3° and 20* with reepect to a plane pependic-
ular to the axis of the element, and it is preferably be-
twesn 5* and 15°. As indicatad earlier, this inclination
makas It possible, by tightening the male and female el-
amants afier they have been made 1o abut, to tighten
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the threaded 2ones againet each other and thue to pre-
vent the risks of disjoinling at the thraads.

The central shouider abutment, whoae height one
determines as a function of the dimensions of the male
and femals slements and the threadings, can have &
zero slope with respect to a straight plane extending per-
pendicular 1o the axis of the component. It can aleo have
an inclination between 0° and about 20° with respect 1o
such a straight plane. This inclination is oriented in the
direction toward the Inelde of the meale elsment. This in-
clination contribules to tightening the two componants
of the assembly againet sach other in the central part.

Tha stabbing flank is preferably inclined loward the
interlor of the thread with respect 1o a straight plane ex-
tending perpendicular to the axis, at an angle that is
graater than or equal to the angle of the load flank, com-
prised, for example, between B° and 30°,

To feciitate the stabbing of the male thraads in the
female threads, one may advantageoualy equip the
6labbing Nlanks with a charnier close lo the thread crest.
This chamier, which has an angle greater than that of
the stabbing flank, has a slcpe that ia increased with
respact to the zone of that same flank that Is closer o
the root of the thread.

The helght of the threads In the mid-portion ls, for
example, about 6 to 12 % of the thickness of the tube.
The slope of each of the iwo threading sactions s for
example, about 1/16 to 1410 with reapect 10 the axis ;
none of these values is restrictive.

I one gives the central abutment a haight that is not
axcessive, then It is possible to make a joint whose crit-
ical thickness in the male and female componenis in the
vicinity of the abutment Is sufficient, particularly thenks
to tha two fruetoconical threading sections with vanish-
ing thraads, to provide axcellent mechanical character-
letics.

The height of the ceniral abutment is for example,
about 10 to 35% of the thicknass of the tube.

As noted earller, one cannot achleve good metaV
metsl tightness In the vicinity of the ahoulder due 10 the
great rigidity of the componenis In thie zona. On the con-
trary, it I8 poselble, by putling the seal surlaces on the
joint as explained earller, 1o achieve metal/metal tight-
ness under optimum concitions at the two ands of the
assembly. A ring-shaped Intemal tight metal/metal con-
iact zone s made between the small-hicknass and of
the male slement, beyond the small-diameter end of the
threading, and the large-thickness end of the femaie al-
emaent, and a second ring-shaped tight metalmetal con-
tact zone is mada batween the small-thickness end of
the female slament, beyond the threading. and the
large-thickness correaponding end of the male elament.
Tho oppoeile seal surlaces of the male and iomale ele-
mems have geometries, dimensions, and positions
such that, during the ecrewing of the Joint, the end of the
thin-wall element will be elastically deformed in the ring-
shaped tight metalmetal contact zone with a slight var-
iation of Ra dismetar, whila the diamater of tha thick wall
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remains essantially unchanged.

One praferably gives these saal surfaces such a
profile that the tightness metal-metal contact will take
placa in & narrow but well-delined ring-shaped zone,

The extension of the saal surfacas along the axis of
the joint is determined so that the relative movemnents
ol one of the slements of the assembly with respect 1o
the other one resulting from the traction or compression
efiorte exerted on the ends, or resulting from the exter-
nal or intemal over-pressures, do not madify the tight-
ness pericrmance of these external and intemal eeals,
even il there are measurable displacements between
the two bearings of each of the ring-shaped tight metal/
melal coniact zones.

Dusa 1o these ring-shaped matal/metal céeal zones,
one can prevent the penetration and the conlact with
threadings of pressurized fluids coming from the Inside
of outside. One can thus prevent any and all risk of cor-
roslon of threadings of of abutment zones, as well as
any risk of disjoinling duse o the eflect of pressure.

Toimprovea the quality of the tightness surfaces and,
in particular, their resisiance io galiing , one can in the
known fashion adminisier a surface treatment to the
male and femala elements of the assembly, for example
by phosphatation with zinc or with manganesae, or by de-
positing copper or any other melal, or by the application
of a sol lubricating iayer such as, for example, a layer
of molybdenum bisulfide or any ather treatment most of-
ten accompanied with suitable lubrication,

For certain uaea, cne can provide complameniary
tightness, consleting of a ring, for example, made up of
elastomer, which one housas In the immediate vicinily
o the adge of the distal end of the male element in a
euitabla groove. One can thus protect the tightness sur-
faces which ansure metalimetal connection against any
attack by a corrosive fluid coming from the inaide. De-
pending on the placament of this ring, one can also en-
sure the geometric continulty ol the intemal diameter
{flush joint) and one can avoid any turbulence zone in
the fluikd stresm.

Each tube to be assembiled is equipped at one end
with a male element and st s other end with a Jamale
element.

A more complele appreclation of the invention and
many of the attendant advaniages thereo! will be readily
cbtained as the same becomes betler undersiood by
reference 1o the following detalied description when
considered in connection with the accompanying draw-
ings, wherein;

Figure 1 ia a longitudinal haif-section view of the
male and female elements of the joint according to
the invontion, hall cut away, along their X1-X1 axis
and not assembied. The male and female thread-
ings are represented only by the profiles of the en-
velope eurfaces of the crests and roots of the male
and femala threacs:
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Figure 2 is a crosa-section view of the joint accord-
Ing lo the invention with the male and femnaie ele-
ments assembled:

Figure 3is a parlial cut-away view along axis X1-X1
ol the profile of 8 mals frustoconical threading sec-
tion of the joint according to the invention; and

Figure 4 le a partial cut-away view of the end zone
of the mala element of the joint according to the in-
vention, showing the profile of the seal suriaces sli-
vated at the end of the male element.

Figure 1 Ia & longitudinal hali-section view of theiwo
elaments, male element 1 and fernale element 2, silu-
ated at the end of two lubes 38, 39, only whose ends
&re shown, thereby 1orming joint 3, shown schematically
in Figure 2, batween the two tubes 3B, 39. Thess tubas
have the same Inside and cutside diameters, but for
clarity of figure 1, the fomals element 2 is voluntarlly rep-
resented shilted away from its axle X1-X1.

Each male and female elament has two threading
sections, respectively threading sections 4, 5, for male
slsment 1 and threading sactions 8, 7 for jemale ela-
ment 2, betwesn which is located a ring-shaped abut-
ment surlace or shoulder 24-1, 24-2. The mid-porticne
of these threading sections 4, 5 and B, 7 are frusiocon-
ical.

The four frustoconical threading sactions 4, 5 of the
male element, and 6, 7 of the lamale slement, have at
each of their ends a zone of vanishing threads in which
tha heights of the threads diminishes to a zero vaiue.
The dacreass in the height of the threads may be ac-
complished either by machining the crasts of the threads
to a constant diameter with respact 1o the axle of the
male or female element, as can bé &een in zonas B and
8 of the male threading sections 4 and 5 as well as in
zones 10 and 11 of the iemale threading eactions 6 and
7. or by machining constani diameter thread roots with
respect tothe axis, as in 2onee 12and 13of male thread-
ing sactions 4 arxi 5 as wull as In zonee 14 and 15 of
female threading sections 8 and 7. One can thua sas
that, by assembling the two male and female elemants,
their threads engage completely in tha comeaponding
housings, both in the mid-portions of the threadings and
In the and zones with the vanishing threads.

As ghown In Figure 2, in theée end zones, the crests
and roois of the vanishing threads are limited ioward the
outside or loward the inside by the convergence of an
exiemal frustoconical surfece 18, 17 or an intemal frue-
toconical surface 18, 19, each of which prolongs the sur-
face of the mid-portion of the threading, and an intemal
cylindrical auriace 20, 21 or an extemal cyfindrical aur-
face 22, 23. One can see that the difference between
the diameters of these cylindrical surlaces 21 and 22
corrasponda to the radial height "D" of the ring-shaped
sbutment or shoulder 24 in the central zone of assambly
3. This ring-shaped abutmant or shoukier 24 ic made
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up by having the iwo eurlaces 24-1, 24-2 of male ele-
mant 1 And famale element 2 (Figure 1) abul agrinst
each other. As a non-fimiting example the mdial height
« D » can be between 10 and 35% of the thicknesa of
the iube.

i is 1o be noted that abutment 24 does not perform
any tightness or ssaling function. The generatrix of abui-
ment surface 24-1, 24-2 ls perpendicular to axls X1-X1
of the assembly. One can eventually incline this gener-
#trix with regpact to the axie X1-X1 by an angle of about
80 to 70°, this genemalrix being orlented toward the in-
side and inner end of the male element when going from
ita larger ciameater point to ite emaller dlameter point.

The laad flanks of the male threads, such as 30 (Fig-
ure 3), have a genemtrix with a negative inclination A ol
ebout -3 to -20*, and prelemably -10® 1 5°, with respect
1o a line extending parpendicularly 1o axis X1-X1 of the
element. Upon ecrewing, the coopemstion between
these threads with negative load flank and abutmant 24
makes it possble to tighten male element 1 and famale
elament 2 against each other. This practically aliminates
the risks of disjpinting or separation at the threads.

The shoulder (or abulment) surface 24-1 on the
mals and 24-2 on the femals, parpendicular to the
X1-X1 axje, Increass, for a given radial difference D, the
mechanical strength of the joint, and consequently
makeaa It also poseble 1o give the critical thicknesses E1
on male and E2 an the femals, a valus as large as pos-
sible. The absance of matal/meial lightneas surfaces in
the cantral zone — suriaces whose ellectivenass is, as
already explained,. not eatisfaciory due to the rigidity of
this zone -- makes it possible t© move the two frusto-
conical threading sectione 4, 5 and B, 7 closer 10 sach
ather, and thus to improve the joining action between
the two male and femaie elements.

To facilltate the insartion or stabbing of the maie
threads in the female housings, one adventageously
gives the stabbing flanke, euch as 31, a slops whose
generatrix has a poshtive inclination that ls greater in ab-
solute value than that of the negative inclination of the
load flank angle, the value of the inclination baing about
+B8° 1o + 30" . Inthe case of this exampie, one thus gives
the load fianks a negative inclination of -10° and the
atabbing flanks an inclination of about +25°. One may
possibly further facilitate stabbing by making chamiers
in the upper ends of the atabbing flanks, thereby pro-
ducing a siope that Is increased by about 15 to 35° with
respeci o the adjacenl panis of the slabbing flanks
which extend to the bases of the stabbing flanka.

As shown in Figures 1, 2 and 4, twa fluid tight metal
o moial ssal suriacea 27, 28 are armnged at the intemnal
and axiemal ends of the joint, bayond the ands of the
threaded portions. in the example shown, thess seal
suriacea are essentially frustoconical surfaces on the
male andfemale slements having the desired inclination
&0 88 to come into contact with each ather, said contact
baing accompaniad by an elastic daformation of the re-
apactive thin ring-ahapad wall. This elastic deformation
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is in compresaion for the distal end of the male element
and in expansion for the distal end of the female ale-
ment.
Figure 4 shows the disial end of male element 1,
fully screwed to the bottom in female element 2, in a
half-saction along axia X1-X1. It clearly shows the inter-
ference that is provided between tightness surfaces
27-1 and 27-2, which are ehown for clarity of the expla-
nation with overlap, the last vanishing threade appear-
Ing at 32. In fact, the elastic defomation by way of com-
pression of the distal end 33 of male elament 1 allows
its tightness surlace 27-1 to elastically prass against the
corresponding eurface 27-2 of the thick portion of female
alement 2, whila the alaslic deformation takes place al-
moet axclusively on distal end 33.

The ring-shaped ftight metal/metal contact 2one
thus made on the inside of the assembly protects the
threadinge againat tha penetration of fluids containad in-
side the tubas. To prevent risks of corroslon of the tight-
ness surlaces themsalves, one may, il necessary, put
an aelastomer ring 28, Mling the space between distal
ond 33 of male element 1 and the intemal end 35 of the
female elament. This delormable ring will advanta-
geously be dimenaioned to fill the volume beiwaen end
33 of male clemant 1 and the intemal end 35 of the fe-
male element and will ensure the continulty of passage
{romthe inside diamatar 36 of lube 38 having the female
element to the inside diameter 37 of the male alement.

The struciure of the axtemal metal/mstal seal sur-
face 2B, made batween the thin-wall distal and 34 of fe-
male element 2 and the thick wall part of male slement
1, Is gimilar 10 the one that has just besn dagcribed for
the bearing 27. At the time of tightening the joinl thera
Is Interference between the tightness suriaces that
come Into contact againel each cther, accompaniad by
alastic axpansion of the thin female wall.

The double protection of the threading thus ob-
tainad tums out o be particularly eflective at preventing
any risk of over-pressure inslde the threadings. The
alasticity of the thin diatal ends of male element 33 and
female element 34 aliows them to keep up with any rel-
ative movement of the end zones of one assembly ele-
ment with raspect to the other, particularly in case of
{raction or compresasion eflacts,

It is important 1o note that the only surfaces 1o abut
againat each other are ring-shaped abutment suriaces
24-1, 24-2. In no case does distal end 33 of male ale-
ment 1 abutl, during the screwing of the joint, agalnet the
imemal end 35 of female element 2, The same is true
of distal erci 34 of fernale element 2 with an opposing
surface at the end of male element 1.

Depeanding on the dimensions of the tubes on which
the integmal joint according o the invention is 1o be
madae, one could, if necessary, make the cutside diam-
ater of the end of famale slemnent 2 eo as to have addl-
tional thickness &t the level of threading section 7 and
end 34. This can be done by expanding, over at least
ona portion of the end, tha outsida diametar 40 of this
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female slement 2 prior to the manufacture of tha ele-
msnts of the joint. Thus, Figure 1 shows A femals ele-
ment 2 that has retained the original diameter 41 of the
fube over a portion of the length. This diameter 41 is
joined 1o the expandad diametsr 40 of end by an essen-
tially fruatoconical connection shape 42 between re-
gione labelled 43 and 44,

Likewise, one may proceed in a simllar fashion in
the casa of ihe inside dlameter 45 of tube 38 in which
male element 1 is made. In thia case, aa shown In Figure
1, one reduces the inside diameter 46 over at least a
portion of the end. Here, this diameter is reduced at the
level of threading section 4 and at end 33. The connec-
tion is made, as bafore, in the form of a truncated cone
&t 47 between regions labelled 48 and 49. In this way,
one gels greater strength without the inconvenience ol
using a coupling or sleeve.

The expansion of outeide diameter of the famala el-
ement 2 and the reduction of the inside diamaeter of the
male element 1 are also shown in Flgure 2.

The integral joint according to the invention, thus
built, makes il possible to combine very great mechan-
ical strength due to the extramely compact etructure of
thie assembly, in iis centmal zone, with excellent tight-
ness, duo 1o the placement of ring-shaped tight metal/
metal contacl zones, employing tightening by elastic de-
formation of the seal surfaces. As indicated eariar, ap-
propriate surface ireatments, well known n the adt,
make i possible to consiierably improve the galling re-
siatance of the tighinasa surfacas and their aptituds to
undargo numMerous ecrewing-unscrawing operatione
without losing their tightness.

Obviously. numerous modifications and variations
of tha present invantion ara possile in light of the above
isachings. It is therelore to be understood that the In-
vention may be practiced otherwise than as specifically
deecribed herein.

Claims
1. A threaded joint for tubes, comprising:

= amale slamant having axtemal thraading com-
prising two radially shified fiustoconical sec-
tions of threadings having load flanks with a
negative angle, aald two frusioconical sections
of said exiemnal threading being separaled by
aflret ring-shaped abutment surface, said male
element having at cpposiie mxial ends thereo!
extiomal eurfaces forming tightneas euriaces,
each of said two frustoconical sections of sald
extemal threading having vanishing threads at
opposite enda thereof, and

= a female element having intemal threading
comprising two radially shifted frustoconical
sections of thraadings having load flanke with
a negative angle, eald iwo frusioconical sac-
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tions of eaid Intemal threading being ceparated
by A second ring-shaped abutment surface,
said female elemsnt having al oppoeite axial
ands thereo! Intemal surfaces forming tight-
nesa surfaces, each of said two frustoconical
seclions of said intamal threading having van-
ishing threads at opposile ands thereol,

wherein said male and female slements are mutu-
ally configured auch that said male and Ismale ele-
menis may be united by threading said extemal and
intemal threadings until eaid firet and second abut-
memn aurlaces abut ona anather, wherein:

a) cresis and rools of each of eaid vanishing
threads are radially limited by a convergence of
a fiugtoconical surtace of one of said male and
famala elements and a cylindrical surface of the
other of said male and female elements,

b) the abutting first and second abutling surlac-
ea formn a central abutment, and

c) the tightness eurfacesa of saild male and fe-
mala eloments mate in paire 1o forrn two fluid
tight seal surfaces having ring shaped contact
zones.

Tha threaded joint of claim 1 whereln the ¢ylindrical
surfacas include iwo radially shified cylindrical sur-
faces meeting at the fist ring-shaped abutmant sur-
face and separating said extemal threading, and
iwo madially ehifted cylindrical surfaces meeting =t
the second ring-shaped abutment surface and sep-
araling seid intemal threading.

The threaded Joint of claim 1 wherein a generatrix
of each ol eaid firet and sscond abutmen surlaces
ls inclined, with respect 1o the axis of the joint, aald
Inclination angle belng betwaen 90 and 70* .

The threaded joint of claim 1 wherein a radial height
of each saii abutment surface is between 10 and
35% ol a thickness of the lube.

The thraaded joint of clalm 1 wherein the height of
the threads In the mid-portion ls between 810 12 %
of the thicknass of the tuba.

The threadad joirt of claim 1 wherein the negative
angle of the ibad flanks of each sald threading has
a value betwaen 2° and 20°.

The threaded joimt of clalm 1 wherein stabbing
flanks of aach saki threading have & positive angle
between B and 30", .

The thraadad joint of claim 7 wherain the atabhing

BNSDOCID: «<EP__U787208A1_|_>

flanke have a chamier having a posliive inclination
bstwasn 15° And 35* with reapect 1o an adjpcent
par of glabbing flanks .

The threadad Joint of cleim 1 whersin eaid frusto-
conical sectiona of said male and female elements
and sakd tighineas surfaces are sloped such that a
thickness of said male and female elements de-
creases toward distal enda thereof, wherein sach
of said eeal surlaces comprises one of said tight-
ness suriaces on a thin distal and of the respective
one of the male and female elements mating with
ancther of sald tightneas eurfaces on a thick end of
the raspective one of the mals and female slements
such that the thin distal end is siastically delormed
when said male and female elements are united by
threading sai! external and intemal threading until
sald first and aacond abutment suriaces abut one
ancther.

10. The threaded joint of claim 1 whereln said tightness

1.

surfaces are frusioconical

The threaded joint of claim 1 including a tighiness
ring housed in said female elomant such thet the
tightness ring occupies a space between the distal
end of sald male element and an imtemal end of sald
female element when said male and female ocle-
ments are united by threading said extemal and in-
temal threading untll sald first and second abutment
aurfaces abut one ancther.

12. The threaded Joint of claim 1 wherein the siope of

13.

the frustoconical threadings is between 1/18 and
1/10 with respact to the axis of the tube.

The threadad joint of claim 1 wherein the famale el
ement is lormed on a tube whosa outside diameter
Is larger than an outside diameter of the mid-portion
toward the distal end of the lemale alement.

14. The threaded joint of claim 1 wherain the male als-

mant Is formed on a tube whoss insida diameter is
emaller than an inside diameter of the mid-portion
toward the disial end of the male slement.

o
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4,676,529

1
PIPE JOINT

This Imvention relates generally 10 a pipe joint for vee

with ofl country tubular goods, and, in particular to & 3

pipe joint having free running threads

Threaded joints of the type that use cylindrical or
tupered threads of s modified buttress type are designed
to provide clearance between the flanks of the threads

Ioallowtbcphﬂto‘bemnde—upwlthlml:mmum

required until the sealing and shouldering surfaces

p.e.'l‘huemhejutmwohhoddmtbmm
cnly act as 1orque shoulders 10 limit the distance the pin
can move into the box, but also define sealing surfaces

1o effect sealing of the joint. Alternstively, there may be 13

two or more pairs of engaging surfaces where one or
more act to seal the joint and one or more act as torgue
or stop shoulders. Or the joint mey have two scts of
umummndmumudnﬂdm
that can also provide & seal.

In any event, after the joint is made-np hand-tight, the
torque required to completely make-up the joint scrves
to force the sealing and/or shouldering surfaces of the
jaint together. 'Ihenwmlfamudeubpdbﬁwem
the surfaces and the threads create the friction ﬂm
resists conditions or forces tending 1o canse the connec-
tion to unecrew. As the frictional force between the box
pin i increased, the back off torque required to loosen

the connection i aleo incvessed. Means for improving 0

locking of the pin and box in the fully made-np position
will enhance the sealing characteristics of the connec-
tion by reducing the probebility of insdvertent back off.

Therelore, it s m object of this invention to provide

u.:hpmvullﬂpejnimhwhgthrndldﬂuﬁu-m 3

ning type described above that will lock the pin and box
againgt relative rotation when the joint is made-up.

It is another abject of this invention to provide sn
improved pipe joint of the type described above and a

tubalar member having threads for forming the pipe 45

joint that includes a cavity on either the box or pin or on
both into which & portion of the other member is ex-
truded when the joim iy made-up to form interlocking
surfaces that prevent relstive rotation between the two

members, and thereby Jock the pin and box in the fully 4

made-up position.
It b another cbject of this invention to provide an

improved pipe joint of the type described sbove fn
which the box snd pin have shonlders posi-

tioned to stress the metal adjacent the shonlders beyond 3

the yield point and extrode the metal laterally of the
shoulders into adjacent cavities in the box and pin to

2
While the following description primarily wes the
well known, free-running two-step, non-tapered, shoul-

—dered connections of the Hydril Compeny to illustrate

the features of the invention, it will be understood that
the invention described berein can be nsed with any
type thresded connection baving engaging shoulder
where it ia desirable to Jock the pin and box together 10
resist relstive rotation when the joint is made-up, such
a5 in a pipe line.

The pipe joint shown in FIG. 1 includes box 10 and
pin 11. The box and pin are formed on the ends of tubu-
lar members 12 and 13, respectively. The box has inter-
na) threads and the pin has external threads thet mate
with the threads on the box to allow the pin to be
mwdmthehomnmhnpthepmndm

straight or cylindrical and they are stepped so that bhalf
of the threads have a smaller major and minor diameter
than the other threads. The threads are shown In the
dnwmgnbun.mhulinm:huth:ymmﬂy
lmdﬁdmmunh\o“mﬁlnmm
the art.

When made-up as shown in FIG. 1, conical sealing
surface 14 on the end of pin 11 engages conical sealing
surface 15 at the bese of the box. Usually these sealing
surfaces have about 8 14° taper. At the upper end of box
10, conical sealing srface 16 §s in sealing engagement
with matching conical sealing surface 17 on pin 1. In
the joint shown, sealing surfaces 16 and 17 are tapered
st about 60° from the longitndinal azis of the joint.

As previomly discumed, the meta]-to-metal sesl be-
tween these surfaces is loat with only a small degree of
relative rotation of the bax and pin. To prevent the pin
and boz from backing off, the present invention pro-
vides means for locking the pipe joint in a made-np
condition.

In the embodimeat shown, both the pin and bax heve
sonular shonlders located between the large siep
threads (LS) and the small step threads (SS) that engage
as the joint is made-up. These shoulders and the adja-
cent partions of the box and pin are shown on an &~
larged scale in FIOS. 2A and 1B,

Engaging shoulder 24 of box 10 and shoulder 26 of
pin 11 are tapered along a plane that intersects the longi-
tudinal sxis of the pipe joint st an acute sngle to provide
the shonlders with frusto-conical mating sorfaces. Pref-
erably, the sngle of inclination is between 73° and 907,
The angles of taper of the shoulders do not need to be
the same, particularly if the mismatch will provide force
components that urge the extruded metal to move in the
desired direction.

Annuler grooves 28 and 30 are located in the box and

These and other ohjects, advantages, and features of  pin, respectively, on opposlie sides of engaging shoal-
this invention will become spparent to those sldlled o s5 ders 24 and 26, The shouldens are positioned 10 that
the art from a consideration of this specification, inclod-  they engage, as shown in F1G. 2A, befare the joint s

ing the attached drawings and appended claims
In the Drawings:
FiG. 1 b a perthal longitndinal cross-section of &

made-up 5o that make-up tonque will creste stress in the
box end pin adjacent the shoulders that exceed the yield
puint of the metal from which the pin and box are made.

typical pipe joint having frec-rumning threads embody- 60 As the metal yields, it will extrude laterally of the nor-

ing the improvement of this nvention.

mal force between the two shoulders, ie., the metal of

A

FIG. 2A is n sectional view of an enlarged scale of the the bax adjacent shoulder 24 will extrude into cavity 30
portion of the joint of FIG. 1 within circle 2 when the  and the metal of the pin adjacent shonlder 26 will ex-

joint in hand-tight. trude hro cavity 28 as shown in FIG. 2B. Since any
FIG. 2B is the mme view a3 FIQ. 2A after the joint 65 relative rotstion between the box and pin tending o
s made-up- loosen the joint requires relative movement

longitadinal
FIQS. SA and 3B are views sinllar t0 FI0S. JA snd  of the bax and pin and such Jongitodinal movement s
2B of sn slternate embodiment of the invention. preveoied by the Interlocking surfaces of the grooves

BNSDOCID: <US_ASTSR0A1.1 >



3 4,676,529 4
and the extruded metal, the joint is effectively lockedin =~ and form interlocking surfaces between the extruded
the folly made up position. metal and the cavity wall to hold the box and pin from

In the aliernste embodiment shown in FIGS. 3A and relative rotation.
3B, e plurtlity of side by side annular cavities form 2. The pipe joint of claim 1 in which one of the shoul-
knurled surfaces 36 and 38 on the box and pin, on oppo- 3 dery is frosto-conical.
u-ﬂsdwgﬁwmwf& 3. The pipe joint of claim 2 in which both shoulders
metal s forced VILES are frusto-conical.
Wuhﬂvemum*ﬂﬂe-“mme ‘.mpiﬂjll'mofclllnll:?OrSinWhichﬂu
MF"‘m“:‘;,“F inx it will be scen that this fnveation 10 cavity is one of a plurality of cavities forming a knoried
ism_ewlmnmmwm-:dwim s.Forz:et:rrhglpipejoim.lﬂwuddmbﬂ:
hercimbove .logel.lm. other advantages  oper lor connecting 10 mpother thread
ﬁmobvioundthummhmtotbelppntu member to form a thresded connection between the
ltwiﬂhemdauondthncuuinfnm-uﬂmb—ummmﬂw':mu&hw
combinations are of utility and may be employed with-  *ore ¥ Y ou the body and a
out reference 1o other features amxl mbcombinations. moﬂdumthebodynthmuheuw:ywm_n
This is contemplated by snd is within the scope of the  bosider on the other thresded member that & pos-
claima. uoned\\dmth:thaddbqnmeundtolh
. oth:-ﬂ.:mdedmbﬂ'forlporhmlhuwftnbeu-
the invention withowm departing from the scope thereod, A . .
t i to be understood that all matter herein set forth or  ©f the cavity and prevent relative rotational between
shown in the accompanying drawings i to be inter-  the membexs sfter they sre conmected,
What is claimed is: 29 N%Ihmnplmmmmw
1. A metal pipe joint comprising a box having interna) ~ Dal axis member &t an acute angle.
thm&nd:l;pl:mnlﬂnﬂmmfgm 7. The threaded tubunlar member of claims 5 or 6, in
with the internal threads of the box to make-up the  Which the threads of the member are straight and are
joint, a shoulder on the box and a shoulder on the pipe  divided into a large step and & small step having a major
for engaging the shoulder an the box as the joint is made 30 dimmeter and & minor dismeter smaller than the major
up with sufficient force to extrude the metal of one of  and minor dismeters of the large step and in which the
the box and pin Iaterally, and a cavity in the otherof the  shoulder is located between the large and mmall step.
box and pin positioned to receive the extruded metal 5 o s 0

»
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(549) SCREW JOINT FOR OiL WELL PIPE

(57) A screw joimt or an ol wel ppe i5 equipped

with either one, or both, of an rner wrtace shoulder g5
portion and an outer surtace shouloer porhon compris-
ing & seal portion and a oroue shoukier portion, and
safislies further the tollosnyy condvbons 1 and 2:1)
effective diameter of teal trmaton surtace before fas-
fening Is graaier on the pe sxie than on the hox side;
and 2) inciination of tamque shouider ke mation surface
is smaller on the pin soe Man on fw box side, and dif-
ference AP of the inchnahors & &1 ludasl 0.50 and not
greater than 4.0°. The sciew jont for the od well pipe of
this invention is excallent n gas sealabddy and clear-
ance carrosion resistance The procuckon cost is agual
to that of conventonal sorew Jonis, and handiing is
easy, too. This screw jort & ext emely curtable for prob- ) )
ing and mining of burned matters #t & depth andl at a

higher presswe and busmed matters comtaining high

corrosive iImpurities such as gases and crude olls.

Prmind by Xarx {UK) Busnass Ssrces
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Description
TECHNICAL FIELD

[0001] The presant invenion relates o a threaded connection for connecting o country tubular goods used for explo-
ration and exploilation of natural gas and cnude ol depogited underground, and particularly, to a threaded connection
for the o country tubular goods, suited for drewing up the deposits from deep oil wells under high pressure conditions
and ges fiekis and ofl fields camaining large amounts of corosive impurities.

BACKGROUND TECHNOLOGY

[0002] Threaded connections are in widespread use as connection for connecting the cil country tubular goods used
for exploration of natural gas fleids, oll flelds, and the like located at depths of several thousands meters, and for expiol-
tation of deposits therefrom. Thare are two types of threaded connections for the ofl country tubular goods. One k& an
integral type of threaded connection provided with & pin at one end of a pipe, and a bax at the other end of the pipe s
that respective ends of two pipes are connecied with each other by screwing the pin into the boxe. The other is a coupling
fype of threaded connection for Gonneciing respective ends of two pipes with each cther, each pipe provided with 2 pin
at both ends, by means of a coupling provided with two bomes. The followings are performance required of these
threaded connections in common:

ability to withstand axia! tencile force caused by weights of connected pipes thamseives

abilty to withstand Internal pressure caused by a fluid flowing inside the pipes, and extemnal pressure caused by
fluids flowing ouiside the pipes

durability fo enabie repeated uses as fraquent scores of times

ability to resist corrosion and erosion causad by fiuids flowing inside and auiside the pipes

[0003] Lately, depths of ol welle have increased, and more often, ofl is exploited from oll wells in severe environments,
for example, in the polar regions. Consequently, in an increasing number of cases, the oil country tubular goods and the
thveaded connections are used In such severe environments. Furthermore, deposits which were not intended for expiol-
tation before have since come to be exploited. These include , for example, a deposk which is corrosive to steel and
contains significant amounts of axidizing impurities. Accordingty, threaded connections capable of satisfying require-
ments described above in such severe erwironmenis are called for, and the performanca of the threaded connections
has ence been improved at a high pace. .

[0004] Fig. 1is a schematic fiusirating a coupfing type threaded connection provicied with a seal portion and & torque
shoulder portion. In the figure, an sxample of the threaded connection for the ol country tubular goods provided with
the torque shoulder portion intamally ks shown. Fig. 1 (a) is a view showing pipes body 10 and a coupling 20 making up
the threaded connection. Fig. 1 (b) is a partially enlarged view of a threaded portion, the seal portion, and the torque
shouider portion, ag shown in Fig. 1 (a).

[O005] The tomue shoulder porfion ks providad 10 prevent build-up of such a high comact pressure as 1o cause plastic
delormmtion of the seal portion. The threaded connsction is constituted such that a make-up tarque can be controlied
o an appropriate vatue by contacting a torque shoukier forming face 24 on the coupling side against a torque shoulder
forming face 14 on the pipe &ide. Such a type of threaded connection provided with the torque forming faces 14 and 24,
close to the inner surface of a pipe, &6 described above or the torque shoulder portion is called an internal choulder.

[0006] Fig. 2 is a schematic llustraiing an exampls of a threaded connecéion for the ol country tubular goods, pro-
vided with both the intemal torque shoulder and an exiernal torgque shoulder. Fig. 2 (a) is a secfional view showing the
pipe body and the coupling after the threaded connection is made up. Fg. 2 (b) is a partially enlarged view of the forque
ehoulder forming portion on the outer eide of the threaded connection ehown In Fig. 2 (a), showing inclinations of the
torque shoukier forming facee on & pin and a bax, respeciively, for forming an extemnal torque shoulder. The edemnal
torque shoukier is formed when the torque shouider forming face 54 disposed at the root of a male threed section on
the outer aurface of the pipe ic contacted against the torque shoukier forming face 84 disposad ai the tip on the box.

[0007] Among the coupling type threaded connections, provided with a saal portion and a torque shoulder portion, an
intermal shaulder iype threaded connection is described horeaiter.

[0008] In Fig. 1 (b). male threads 12 provided on the surlace of a tip portion of tha pipe 10 and female threads 22
proviied on the inner surface of the coupling 20 are maied with each other. A seal forming face 13, which is a rotatable
face, Is proviied at the tip of a pin 11. The ssal forming face 13 has a curved surface, tapered in the axdal direction of
the pipe or subsiantially resembiing & circules arc of a large cuvature radhs. A bax 21 of the coupling 20 is provided
with a seal forming face 23, which Is a rotatable face, at the root of a threaded portion thereof, and the seal forming face
23 has a curved suriace tapered i the axial direction of the pipe. The saal portion is formed when the seal forming face

BNESDOCID: <EF__0918883A1_ >

- '



Hys

13 of the pipe body Is brought into comiact with the seal forming face 23 of the coupling for making up fhe threaded con-
nection.

[0009] Owing 1o metal-to-metal seal accomplished at the seal portion, gas fightness of the threaded connection is
maintained against internal pressure caused by a fluid flowing [nside the ol country tubular goods, and extemnal pres-
sure caused by fluids flowing outside same.

[0010] The torque shoukier partion is formed when a torque shoulder forming face 14 on the pin, disposed beyond
the seal forming face 13 of the pipe body. closer to the tip, is conmacted against a torque shoulder forming face 24 dis-
posed on the inner side of the seal forming face 23 on the box of the coupling.

[0011] Inthe case of the threaded connection for the oil couniry tubular goods, corrosion resistance against crevice
corrosion causing leakage of fluids or rupture of the threaded portion is called for in addition to seal ightness against
fluids under high pressure as described in the foregaing. Crevice comrosion occurs when a corrosive fluid infrudes into
minuscule crevices formed between pin members and box members, stagnates therein, and consequently are
enriched. When the threaded connection ks loaded with high stress and placed under the conditions described above,
crevice comosion such ae general corrosion, stress corosion cracking, or the like occurs Inside the threaded connec-
tion. No crevice commosion occurs, however, in case that there exists no minuscule crevice on either the inner surface or
the outer surface side of the pipe in which a cormmosive fluid exisis.

[0012]) Threaded comnections provided with the seal portion and the torque shoulder in shapes described hereafter
have been proposed as improvements on the threaded connection shown in Fig. 1 for enhancing crevice corrosion
resistance. These threaded cornections are broadly classflied into four classes, that is, one provided with contact faces
coated with a softer material, one using a packing, one having enhanced seal fighiness of the seal poriion, taking
advantage of elastic deformation of the pin at the tip thereof, and one having enhanced gas tightness of the seal portion
by means of a device for improved contact of the torque shoulder forming faces.

[0013] The threaded connaections with contact faces coated with a softer material as disclosed in Japanese Patent
Laid-open (Kokai) No. 56-109975, No. 1-199088, and the like have a drawback in that gas tightness thereof is impaired
in the courss of repeated making up and disconnection of the threaded connection due to exfoliation and wear-out of
the coating material with the result that these threaded connections are unable to withstand repeated uses as frequent
as scores of imes. :
[0014] Inthe case of the threaded comnection using a packing as disciosed in Japanese Patent Lalid-open (Kokai)
58-142475, cams has a drawback of extira ime and expenses required In production, fiting, arx the like of the packing.
Furthar, in the case of this type of threaded connection without a function for controlling a torque for make-up at an
appropriate value, which is naturally required of the torque shoulder, strict torque control is required at a work site when
making up connection. Consequently, cperativity of the threaded connection ie poor. In addition, same poses a problem
ol suscepibility to crevice comosion because crevices may be formed between the packing and the torque shoulder
depanding on manufaciuring folerance.

[0015] In the case of the threaded connection having enhanced gas tighiness, taking advantage of elastic deformation
occurring ai the fip of the pin (for example, as disclosed in Japanese Patent Laid-open (Kokai) No. 80-26878), substan-
tial bending deformation needs to be caused to occur 10 a lip portion at the tip of the pin in order to obiain a eeal iace
having a sufficient contact pressure In a seal forming portion. For this purpose, the lip portion at the tip of the pin needs
to be pressad by a large force to the torque shoulder forming face on the box. As a result, excessive plastic detorrmation
occurs on the torque shoukder forming face, particularly, at a portion 26 In cloge vicinity of the pipe surface.

[o018] Fig. 3 shows an example of the threaded connaction having enhanced gas tighiness by devising Improved con-
tact on the torque shoulder forming faces (refer 1o Japanese Patent Laid-opan (Kolkai) No. 52-11765). With the tiveaded
connection, sweling of the pin in close vicinity of the tip thereof is caused to ocaur in the direction of the outside diam-
eter of the pipe through contact betwesn the forque shoulder forming face on the pin and same an the box so that seal
fightness of the seal portion is enhanced. More specifically, a seal forming face 13 on the pin is rerxierad a rotaiable
face having a surface in the shape of a circular arc of a large curvature radius in sactional view, and a seal forming face
on the box is rendered a circular cone (a rotetable face having a surface of a tapered etraight line in sectional view).
Furthermore, a torque choulder iorming face 14 on the pin and a torque shoulder forming face 24 on the box are ren-
dered {0 have a cornwvex aurlace and a concave surface, respactively, each having a differentiatad curvature radius, R2
and R3. In this cormection, the curvature radius R2 of the torque shoulder forming face on the pin is rendered smaller
than the curvature radius R3 of the torque shoulder forming face on the bax, and In addition, the center of the curvature
with the radiue R2 & positioned on the inner side towards tha pipe than that ol the curvature with the radius R3. With
adoption of such a constitution a& describad above, banding of the lip portion 15 on the pin towarde the inner auriace
of the pipe Is reduced, and even when nonuniform contact pressure is developed in the peripheral direction of the seal
portion due to manulachuring folerances, uniiarm contact preseure is automatically redistributed. 1t is claimed for this
reason that estisiaciory seal tighiness is provided al iwo locations, namaly, the forque shoulder poriion and the seal
portion.

[0017] in the threaded connecion describad, contact at the torque shoulder portion is inear contact along a clraular
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face at portions 16 and 26 in dose vicinity of the inner aurface of the pipe. Consequently, contact pressure at such con-
tact portions becomes very high, craating a problem of gas tighiness being impaired due to excessive deformation, elm-
ilarly to the casa of the threaded connection as disclosed in Japanese Patent Laid-opan (Kolal) No, 60-26878
described above.

[0018) The invention has been developed o solve the problems described above, encouniered by the conventional
threacded connections. Thus. it is an object of the invention fa provide a threaded connection capable of preventing ini-
tiation of crevice comosion without bnnging about an increase in mamdaciuing cost thereof and deteriomtion in oper-
ativity, end also of demonstrating a ngh degree of gas tighinese even afier repaatad uses as frequent rs scores of
times.

DISCLOSURE OF THE INVENTION

[0019] The threaded connecbon for the oil country tubular goodes, according to the invention, has the advantage of
less Imtense crevice conrosion. and an abity to mainiain gas tighiness sufficlent for practical application even after
répeated usas as frequent as scores of bmes,

[0020] insummary, the theathed conrwcton according 1o the invention includes (A). (B), and (C) described hereafter:

(A) A threaded connechon fo- the ol couniry tubular goods, wherein a saal portion ks formed when a ssal forming
face 13 provided on the outer surface of the end portion of a pin 11 of a pipe bady, with male threads formed ther-
eon, is fitted to a seal forming tace 23 provided on the Inner eurface of a box 21 of a coupling or a pipe body, with
fomale Hweads formed thes eon. whie an nternal torgue shoulder Is formed when & torque chouider forming face
14 provided at the 1p of the pn % bunad against & torque shoukder forming face 24 provided on the box, opposite
to the torque shoulder iormeng tace 4. and satisying the following conditions (1) and (2):

{1) Tha saal forming faces on the pin and box, respactively, are rotatable faces, and the pltch diamater of the
seal forming face 13 on the pn prior 10 making wp the threaded connection is larger than a pitch diametar of
the seal forming face 23 on the box prior to making up the threaded connaction; and

(2) An indlination {» 1} of the torque shoulder forming face on the pin prior 1o making up the threaded connec-
tion is smaller than an mncinabon (1 2) of tha forque shoulder forming tace on the bax prior to making up the
threaded connechon. the diference (3 @) between the both inclinations beingin the mange of 0.510 4.0".

{B) A threaded connecyon for fhe od courtry tubular goods, whersin with reference 1o Fig. 2 (b), a seal porion s
formed when a sea! formng face 53 provded on the ouder surface of a pin 11 of a pips body, closs to the base
thereof, with male thraads formed theraon, i fitted to a seal forming face 83 provided on the inner surface of a box
21 of a coupling or a ppe body Siose 10 nese tips thereof, with female threads formed thereon, whils an axternal
shoulder is formed when a torgue shouitier forming face 64 provided al the tip of the box is contacted againet a
torque shoulder formeng face 54 provided on the outer euriace of the pin of the pipe body, close to the base thereal,
opposile to the torque shouloer 1orming tace 64, and eatislying the conditions (1), and (2) described abova.
(C) A threaded connechon for the od country tubudar goods, whersin all of the seal partion, the intermal shoulder
and the external shoulder as descrbed m {A) and (B) above are provided.

The threaded connecsors for the od country tubular goods, described in (A), (B), and {C) above, are preferably
1o satisty the oliowing condton (3) as well:

(3) The difference (A 1*) between the inclination {8 1) of the fonque shoukier forming face on the pin prior to mak-
ing up and the incinaton (1) 2) of the forque shouider forming face on the box prior to making up Is proportional
o DA, and &, respechvely in case the valus of DA or 8 ris large, the differenca in inclination (A ¢) beiween tha
forque shouider formeng face on the pin and the same on the bax ia increased, and in case the value of DA or
b ric emall, the difference n ncination (A 0) between the torque choulder forming face on the pin and the came
on the bax is retuced

wharein

D: outsicle ciameter of the tip of the pin or box
t: wal thickness of the tp of the pin or box
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8 r = (imerference on the saal forming face In the direction of the diarheter) -
(interference on the thread porfion in the direction of the diameter).

[o021] The threaded connection for the oll country tubular goods, described in the foregoing, is unsusceptible o crev-
ice corrosion, maintaining gas fightness sufficient for repeated uses as frequently as scores of times. Furthermore,
mamsfacturing cost thereol is held down owing to its simple etructure, and it is easy to handle.

[0022] The plich diameter of the sea! forming face on the pin and box, respectively. is defined as follows. Said diam-
eter is a diameter of the respective eeal forming faces at predetarmined base posiions priar to make-up, that is, an
average distance between the central axis of the pipe or the box and the base positions for the respective eeal forming
faces. The base position refers to a region coresponding to paris where the saal forming face on the pin and same on
the bax come in contact with each other when the threadad connection is completed, and means the position prior 10

fhting.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a view of & conventional coupling type threaded connection provided with a seal porfion and a forque
shoulder portion, showing an internal shoulder type by way of example. Fig. 1 (a) is a view showing a pipe bady
and a coupling, making up a threaded connection. Fig. 1 (b) Is a pariially enlarged view of a threaded portion, a
seal forming portion , and a torque shoulder forming portion In Fig. 1 (a).

Fig. 2 is a view showing a coupling type threaded conneclion provided with both the internal shouider and an axter-
nal shoulder. Fig. 2 (a) Is view showing the pin and the box, making up the threaded conneclion, and Fig. 2 (b) a
partially enlarged view of the external shoulder shown in Fig. 1 (a).

Fig. 3 is a view Husirating a conventional threaded connection wherein seal ightness of a seal portion ks enhanced
a& a result of sweling In the direction of the outside diameter of the pipe occurring to & portion of a pin, close o the
tip thereof, whan a torque shoulder forming face (convex) on the pin and a forque shoulder forming face (concave)
on a bax come into comact with each other with the center of curvature of respective faces being disposed at a dii-
forentigted point.

Fig. 4 15 a view IBustrating the torque shoulder forming face on the pin banding by 6 a relative to the forque shouldar
forming face on the bax due to bencing deformation in the direction of shvinkage in diameter ocauring 1o a seal
forming face of a larger piich diameter.

Fig. 5 is a view showing a threaded connectlion according to the invention, provided with a seal portion and a torque
shoulder. Fig. 5 {a) is a view showing a seal forming facs and a torque shoulder forming face on a pin and a box,
respactively, prior to making up the comnection. Fig. 5 (b) is a view showing disiribution of contad pressure devel-
oped at the seal partion and tha torque shoulder after tha connaction is made up.

BEST MODE FOR CARRYING OUT THE INVENTION

[0024] Asdescrbead in the foregoing, the threadaed connection for the oll country tubular goods, according to the inven-
tion, Is characterized In catislying conditions {1) and (2) given herelnafter. The thveaded connecion according to the
invention has perlormance chamacleristics of preveniing Initiafion of crevice commosion and demonstrating high degree of
gas fightness even afier repeated uses as frequent as scores of imes provided that sakd conditions are safisfied. Fur-
thermore, the threaded conneciion does not entail any increass in manulacturing cost, and is easy to handie.

(1) The piich diameter of the seal forming face 13 on the pin prior to making up the threadad connection is larger
than a pitch diameter of the seal forming face 23 on the box prior to making up the threaded connection; and

{2) An inciination (0 1) of the torque shouider forming iace on the pin prior 1o making up the threaded connection is
smaller than an inclination (8 2) of the torque shoulder forming face on the bax prior to making up the threaded con-
nection, the difierence (A 6) between the both inclinations being in the range of 0.5 10 4.0°.

[0D25] The reason why the thraadad conneclion acconding to the inveniion is unsusceptihle to crevice cormosion and
can withstand frequent repeated uses 6 describod hereatter,

[0026] Fig. 4 is a view liusirating the torque shoulder forming face on the pin bending by 6 a ralative i the lomue
shoulder forming face on the box due to shrinkage deformation occurring to the saal forming face on the pin. As shown
In the figure, in the threadad connection according o the invention, the seal forming face and the torque shoulder form-
ing face ars disposed In close vicinily of the tip of the pin, and consequantly, & lip poriion 15 at the tip of the pin under-
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goes bending deformation In the direction of shrinkage in diameter due to coniact pressure buiding up at the seal
forming laces 13 and 23 whan making up the threaded comnection. The bending deformation causes the torgque shoul-
der forming face 14 on the pin to bend by © a relative to the torque shouider forming face 24 on the bax towards the
inner side of the pipe. This brings the torque shovider forming face on tha pin in intimate contact with the torgue shoul-
der forming face on the box, building up a large contac! pressure between the both faces.

[0027] Inthe convamional type threaded connection whersin the torque shoulder forming face on the pin and box,
respectively, bends by an identical angle, contact pressure developad at portions denoted by 16 and 26 of the torque
shouider region, on the inner side thereof towards the pipe, is low due o bending deformation occurring in the form
described above. Therefore, when a iarge tensile siress Is applied to the pipe body including the threaded corneciion
already made up, crevices are apt to be formed on the inner face side of the torque choulder because contact pressure
scarcely axists there,

[0028] Ontha other hand, in the case of the threaded comection according to the invention, the difference A 0 in inci-
nation between the torque shoulder forming face on the pin and same on the box Is set beforehand. Furthermore, as
the difference A 0 Is resiricied within the range of 0.5 1o 4.0° , the both faces come Into contact with each other efter
berding deformation taking place due to the conneciion being made up &0 as 1o be flush with each other or overlapped
by each other on the inner face side of the forque shoulder. Consequently, large conlact pressure is developed, and dis-
tribution of cortact pressure in most preferable patiem is obtained.

[0029] Wih referenca to Fig. 5, description in further detall s given hereafter. Fig. S is a view showing a atructure of
the threaded cannection, in close vicinity of the intemal shoulder wherein an inclination (0 1) of the torque shoulder
forming face on the pin i rendared smaller than an inclination (6 2) of the torque ehouldar forming tace on the baxe. Fig.
5 (a) is @ view showing ths seal forming face and the torque shoulkder forming face on the pin and the bex, respectively,
of the threaded cormaction prior to being made up. Fig. 5 (b) Is & view showing distribution of coniael prassure (resulls
of computation) built up on the seal portion and the torque shoulder after the threaded connaction ks mades up. i s con-
firmed from Fig. 5 that evenly disiributed contact preseure s obtalned by preestimating the berxding deformation of the
torque shoulder farming face on the pin, as described above, and reducing the inclination of the torque shoulder forming
face on the pin io thal extent.

[0030] The structura of the threaded connecion according to the invention Is applicable 10 a hreaded conneciion pro-
vided with an extemnal ehoulder. As shown in Fige. 2 (a) and 2 (b), even diskribution of contact pressure is dbtained at
the external shouider by differentiating the inclingtion of the jorque shoulder forming face on the pin from same on the
b,

[0031] The threaded conneclion according to the invention is hereafter described in greater detail. [A 0 : difference in
inclination between the forque shoulder forming face on the pin and same the bax]

[0032] The seal forming face on the pin is a rotatable face with a surface ehaped in a fapered curve or a circular arc
of a large curveture radius, and the seal forming face on the box is a rotetable face with a suriace shaped in a tapered
amve.

[0033] The piich diameter of the seal forming face on the pin is rerciered larger than that on the box. As described in
the foregaing, the pitch diameter refers to the diameter of the seal forming face on the pin in the base position and same
on the bax in the base position, respectively.

[0034] In case that the pitch diameter of the pin 1o be fited into the box, |5 larger than that of the box, and the pin is
forced 1o be fitted imo the box, shrinkage deformation occurs to the tip portion of the pin, having a low rigidity. The
shrinkage deformation occurring o the tip portion causes the tip portion 1o undergo bending deformation towards the
inner side surface of the pipe. Consequently, the torque shoulkdsr fwming face on the pin dips 10 an extent of such bend-
ing delormation {reder to Fig. 4).

[0035] In the threaded connection shown in Fig. 5{a), the inclination 8 1 of the torque shoulder forming face 14 on the
pin s smaller than the inclination 0 2 of the forque shoulkder forming face 24 on the box, by A 0 (= 02- 8 1). The diflerence
A 0 in inclination may preferably be set o be equivalent o or slightly larger than a change 8 a in inclination achuslly tak-
ing piace as a result of the bending deformation described in the foregoing. As chown In Fig. 4, the change 8 a In inci-
nation due 1o the bending delormation actually taking place is substantially squivalent to a bending angle @ * of the
torque shaukier forming face 14 on the pin when bending delormation is caused 1o ccaur to the lp portion 15 locatad
close to the tip of tha pin dus i contact preseure developed at the seal forming faces. Herein, the banding angls refers
1o an angle of bending occurring to the ip partion 185, located close 10 tha tip of the pin, when cubjected to a lateral load
or bending moment.

[0036] Coniect pressira in the torque shoulder region is distributed as follows by differantiating the inclination of the
torque shoukder forming face on the pin from eame on the box:

(a) substantialy sven distribution of comact pressure across the torgue shoulder forming faces 14 and 24 on the
pin and the box, respactively; or
(b) distribution of contact pressure such that coniact pressurs remains high at portions denoted by 16 and 28, on
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the Inner side surface of the pips, and gradually decines closer 10 the seal forming faces 17 and 27.

[0037] Accardingly, siress concentration does not occur in such & way as 10 cause sxcessive plastic deformetion at
16 and 26 in close vicinity of the inner sile surface of the pipe. Further, contact pressure sufticient 1o prevernt crevices
from being formed in said regions is secured. Hence, the threaded connection for the oll country tubuler goods, capehle
of withstanding repeated uses as frequent scores of times, and nearly preventing crevice corrosion is provided.
[0038] Since the tomque shoulder forming face on the pin and same on the bax are kept in contact with each ather at
subsiantially even contact pressure, localized plastic deformation due o lie siress concentration does not acawr. In
case that a tensile siress is applied to the pipe body inciuding the threaded connection made up in such a condiion
described above, contact pressure throughout the torque shoulder is uriformiy reduced, and consaquently, a critical
value for tensile siress causing opening in the torque shoulder portion becomnes by far higher than that for a ftveaded
connection provided with a torgue shoulder formed in a conventional shape. Thus, the torque shoulder is formed, which
Is unsusceptible 10 opening even when a tensile stress equivalent to yield strength of the pipes body is appiled provided
that contact pressure Is sufficiently high when the threaded connection is made up. Subseguently, the threaded con-
neciion is provided with excellent crevice corrosion resistance.

[0038] Inthe case of a threaded conneclion wherein the torque shoulder forming face 14 on the pin has an inclination
identical 1o that for the forque shoulder forming face 24 on the box, even distribution of contact preasure at the forque
shoulder faces is not achieved. With such a threadad connection as above, contact pressure developed on the seal
forming faces becomes high while contact pressure on the inner side suriaces of the pipes becomes low. Consaquantly,
in case of tensile siress caused by the pipes’ own weight, and the ke coming into play after the threaded connection is
made up, the contact pressure on the inner side surlace of the pipes s reduced very low, causing opening in such &
region of the threaded comneaction in an axtrema case. Whan the threaded connection ks used under such a condiion
for many hours, there occure ingress of a comosive fluid under a high internal pressura into the interior of the threaded
conneaction through crevices formed beilwean 18 and 28 on the inner gide eurface of the pipes inside the threaded con-
naciion. As a result, comosion occurs o the seal portion and also 10 a threaded partion subjected to a high siress,
resutting in lsalage of the fluid or nplure of the threaded connection in the worst case. With the threaded connection
according to the invention, such froubles can be prevented uniil the number of imes when same is pul to use reaches
a legst SOmMe scores.

[0040] Even in case that a compressiva siress in place of a tensile siress s applied, contact pressure developed
across the ibmue shoulder surfaces is substantially uniiorm. Accordingly, the torque shoulder s unsusceptible to local-
Ixed plastic deformation due 10 siress concentration occurring tharein. Thus, there occurs no axcassive plastic delor-
mation to such an axtent that repeated use thareof is rendered impractical. Herain, the axtent that repeated use theraof
is rendered impraclical refers 1o a condition wherein the torque shouider is no longer able to function as forque conbrol-
ler and subsiiiute e8al due to parmanent deformation of the torgque shoulder on the bax, in particular, and the threaded
connaction can not be proparly made up, fafling o demonsirate imended performance thereof.

[0D41] An exceedingly large A 6 is not preferable. In case ol A B being excesdingly large, siress conceniralion octurs
to the imer side of the torque shoulder, resuliing in occurmence of localized plastic deformation. There exisis an appro-
priaie range for A & a6 describad hereinafiar.

[Appropriate Range for A €]

[0042] The berding angle 0 (refer to Fig. 6) of bending deformution of the lip portion 15 on the pin In the direction of
shrinkage thereol, octuving when the seal forming face 13 on the pin is fitted onto the eeal forming face 23 on the box,
can be found by a computation formuila based on the classic ghell theory. Further, a comrelation between the banding
angle @ ' found by the computation formula and the changa in inclination 0 a actually ocausting has already been estab-
lished from the resulis of teats. Hence, the changs In indiination 6 a of the torque shoulder forming face on the pin which
actualy ocours can be found by finding the bending angle 9 * of the tip of the pin. The difference in inclination A §
between the torque shoulder forming face on the pin and sams the box needs to be set to be equivalent 1o or glightly
larger than the change in inclination 6 &

[0D43] With the threaded connection for the ol country tubviar goods in intusirial appication, the difference in inci-
nation A 0 is 10 fall within a range of 0.5 1o 4.0° . In the svant that scame is less than 0.5° , sufficient sealing effect can
not be obtained. On the other hand, in the event of same exceeding 4 ° , localized plastic deformation occurs dus o
siracs concaniration occurring on the inner eide eurface of the tovgque shoulder s described in the foregoing. There-
upon, not onty the number of times when the threaded connection can be put to repeatad use decreases, but also same
bacomae more suscaptible 1o formation of crevices.

[0D44] The threadad connection having ths angles descrbed above can be worksd on with precision sufticient for
practical use, but without need for epecial means of precision control, by use of 8 computer-controlied NC lathe.
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[Selection of Moet Optimum Value for A 0]

[OD45] As described in the joregoing, the diflerence in inclination A 6 remaining in the range of 0.5 10 4.0 ® suffices for
providing parformance sufficient for practical application. However, depending on conditions of the pipes and the
thveaded connection, more optimum values may preferably ba selected.

[0D4E] In the case of the intamnal shoulder, A 8 may preferably be made proportional to (the outsikie diameter of the
pin at the tip : D)/{the wall thicdkmess of the pin at the tip : t) (hersinaftar referred to as DA). In the case of DA being &
large value, the imternal shoulder is move susceptible to bending bacause of lis low rigicity against bending. Therelore,
the difference in incknation A 0 may preferably be made larger. Thus, depending on magnitude of DA, the most optimum
value for A & may preferably be selected.

[0047] A 6 may preferably be made substantially proporiional o

6 r { = (interference of the seal forming portion) - (interference of the thread forming portion)). The interference being &
difference in pitch diameter between the pin and the bax, the larger the & r I5, the larger a shwinkage occurring becomes.
As described abgve, the interference of the seal forming portion has effect an both the shrinkage of the pin at the tip
and the berxing of the torque shoulder forming face. However, in the event that the interference of the seal forming por-
tion s equivelent to that of the thread forming portion, only unliorm shrinkage occurs, causing no bending. The interfer-
ence of the thread forming portion in close vicinity of the pipe body causes only uniform shrinkage deformation. In such
a cass, both the interference of the seal forming portion and sama of the thread forming portion cause only shriniage
deformation, and maintain equibibrium.

[0048] In other words, a ciffarence in the interferencs & r, obiained by deducting the intarference of the thread forming
porfion, not coniributing to bending, from the interference of the seal forming portion, causes bending deformation to
octwr. The A 8 which s sat 1o be substantially equivalent to the bending angls of bending occurring in the direction of
the inner side surince of the pipes is cubstantally proportional to 5 r. Accordingly. the most optimum value for the differ-
ence in incination A 8 betwaen the torque shoulder forming face on the pin and came on the bex may preferably be
selectad 50 a8 it be subsiantially proportional o 5 1.

[0049] Conditions described in the foregoing. under which the intermal shoulkier operates, are also applicable to the
extenal shoulder.

[0050] Asshown in Fig. 2 (b). In case that the plich diameter of the seal forming face 63 on the bax s rendered emaller
than that of the seal forming face 53 on the pin, the torque shoulder forming face 64 on the box Is bent outwardy when
the threaded connection i made up, changing inclination therea!. in the case of the extemnal shoulder being under the
influence of bending stifinese of the coupling uniike the case of the intemal shoulder, the outtide diameter and the wall
thiciness of the box &t the tip are denoled by D and {, respectively. The tip of the box undergoes bending deformation
due 1o bending stifiness therec! being lower than that at the root of the pin bacauss the tip of the bax is thinner in well
thickness and a free end. An inclination 0 2 of the torque shoulder forming face on the box may preferably be set 1o be
smaler than an inclination 6 1 of same on the pin by said change 0 a In inclination or by an angle slightly larger than @
a. Hereupon, substantially uniiorm contact pressure or contact pressure siighlly higher at 56 and 68 on the outer sur-
face and slightly lower at 57 and 67 on the respective seal forming faces is provided.

[0051] Aumun.nmmnummnppmmmﬂmmummmmmm
shoulder, opening on the exiernal side thereo! is prevented. All other sflecis of tha imamal shoulder, as described
above, are applicable in whole to the extsmal shoulder as waill.

[0D52] Al the conditions epecified in the invention are also applicabie simaight to the threaded cormection provided
with both the Intemal shoukier and the external shoulder.

[0053] The coupling type threaded connection ls described in the foregoing by way of example, but it is neediess io
eay that the invention is applicable io the integral type threaded connection as well. In such a case, the pipe body may
be provided with a pin at one end, compriging male tiweads, a seal farming face, and a shouider forming face, and a
box at tha other end, comprising famale threads, a saal forming face, and a shoulder forming face, after surfacing. Thus,
the construction eaclly same as that of the threaded connection according fo the Invention can be applied thereto.

Embodiments

[0054] The effects of the invention are described hereatier with referance io embodiments of the invention.

[0055] Tables 1.2, 3, and 4 are lists showing the inclinations of the torque shoulders, and particulare of the threaded
connections according in the embodiments of the inverion, and threaded connactions for comparative examples, on
which tests were conducted. With referencs to the threaded connections marked A through J shown In Tables 1 and 2,
Dt and 8 r are in common at 17.78 and 0.4 mm, respectively. With referenca to the threaded comnections mariked by K
and L shown in Tablee 3 and 4, DA Is 13.78, and 5 r is 0.199 mm or the former, and DA 21.72, 5 r 0.528 for the latter,
representing values elither higher or lower than same for the threaded connections marked by A through J. in the case
of the threaded connaction K having bath DA and & r lower in value than samae for the threaded connections A through
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J, the difference A 0 in inclination between the respeciive torque shoulder forming faces thereof is lower in value sub-
stantially in propartion o the D/t and & r while in the case of the threaded connection L having DA and & r higher in value,
the difference 4 © in incination is higher in value proportionally.

[0058] The threaded connaciions acconding to the embodiments of the invention, in Tables 1 thvough 4 are the
threaded connections shown in Figs. 5 and 2, induding three types consigting of the internal shoulder type, the external
shoulder typs, and the intemal shouider combinaed with the external shoulder iypa. The comparative examples shown
in Table 2 include a threaded comnection provided with the torque shoulder forming face on the pin and the bax, each
having an identical inclination, a threaded connection provided with the seal surface, and the ke, coated with & softer
metal, a threaded connection having the thin lip portion provided with smooth grooves (as dieciosed in Japanese Patent
Laid-open No. 60-26878), and a threaded connection (refer to Fig. 3) provided with the torque shoulder forming face on
the pin and the box, having a convex surface and a concave surlace, respectivaly, each having a difierentiated curvature
radive.

ol

Table 1
ftem in common with threaded connections marked A, B, C,
DE.FGQH ) andd
outside diameter of a pipe 177.8 mm
wall thickness of a pipe 10.36 nm
outside diameter of a coupling 194.49 mm
material for a coupling and pipe L 80 type carbon steel (yleid strength: 58.2 kgiinm®) |
thread siape trapozoidal thread
thread pilch 508 mm
taper of a threaded portion 118
thread ridge height 1575 mm
imerference of a threaded portion in the direction of dia.) 02 mm
taper of a seal portion 10
length of a sea! portion 85mm
interference of a seal portion (in the direclion of dia.) 0.6 mm
80% of tense bad value 2452 ors
B0% of intemal pressure value 524 lgt/mm?®
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Table 2

[
ol
8

mariargs for thresded  [inclinntion of tarque shoulder on nduumdhudm&rm—[mﬁ
the pm(4 1) the box (82)

A 160 160° Jinternal shoulder

of B 150 166" ~ Jnternal shoulder ]
mvention C 160 16.0° |extornal shoulder
D 165° 160" |external shoulder

[] 180 160° bwnatzon of mternal shoulder
180 160" external shoulder *1

F 160" 16.0° |internal shoulder
mﬂ (] 160° 160" Jexternal shoulder
H 160° 18.0° Joowted with Cu *2
1 160° 180 Jthan bp portaon *3

J 6mm Fmm Edmﬂerhdw

rodus *4 H

] @ threaded connection provided with both the mtzmel shoulder and the external shoulder (the same type ss ore shown in Fig 2)
*3: g threaded cormeetion having 2 seal forming face and 1 torque shoulder fornung fsos, on the box, costed with Cu
*3: & threaded connection provided with u thin-walled lip portion frmed by cutimg smooth grooves on the inner surfiacs of both the lip portion at the erd

oﬂhphullllmhhmhhmuﬂmhmmbhthmﬂhmw-uwh

Japaness Patent Laxi-open No, §0-26378)

.4 nﬂneﬂmw'ﬂlmdm&rm&hlmmwmhhwblmm&mm
in a convex shape, disposed st the tip of the pin (the same type a3 ans shown n Fig. 3)
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Table 3
markings for threaded connections
K . L
outside diameter of & pipe 88.9 mm 273.05 mm
wall thickness of a pipe 8.45 mm 12.57 mm
outside diameter of coupling 58.94 mm 293.54 mm
material for the pipe and coupling meatbonsleel(yieuwangm:s.zmvnm’_
thread shape trapezoidal thread
thread pitch 4.233 mm 835mm
taper of threaded portion ha
thread ridge height 1.018 mm 1.8982 rmm
interference of a threadad portion (in the direction ol dia.) 0.221 mm 0272 mm
taper of a seal portion 110
length of a seal portion 6.5 mm
intarference of & 6aal portion (in the direction of dia.) 0.42 mm 0.8mm
80% of tensile load value 75.2 tons 462.8 tons
80% of internal pressure value 6.53 kgl 4.14 Ikgi/mn?
Table 4
embodiments of the invention
markings for threaded connections K L
inclination of the torque shouider forming face on the pin (0 1) 15.0° 15.0°
indlination of the torque shouider forming face on the box (0 2) 15.5° 17.5°
remarks internal shouider | internal shoulder

[0037] The following tests were conducted on the threaded connections described above 1o evaluate performance of

the respective threaded connections.
[Test on Repeated Making-up of Threaded Connactions]

[0DS8] Lubrication grease wae applied to the threadad portions and non-threaded portions, and then, making-up and
disconnection of the respeciive threaded connections were repeated ten times, and the changes, having occurred on
the torque choulders, and the changes on the seal portions were both @amined.

[Test on Crevice Occurrence under Tensile Stress]

[0058] After the tests on repeated making-up of threaded cormections described abova, the thresded comnactions
were made up, and with pipes under lcad of a tensie force (245.2 tons) applied in the axial direction thereof 6o as to
cause @ siress eguivalant to 80% of yiekd strength of the pipe, the inner suriace and outer suriace of the respective

torque shoulders were checked for presence of crevices.

1
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[Corrosion Teet under Compoeite Load]

[0080] A gae mixiure composad of hydrogen sullide and carbon dioxide was sealed o fhe pipes including the
respective thraaded connections with the tensile force epplied as at the crevice occurmence test described above. The
pressure of the gas mixture was 5.24 kgt/mm?, causing the pipes a siress equivalent to 80% of the yield sirength of the
pipe. After holding the respective threaded connections in such a condition described for 500 hours, the threaded con-
nections were disconnected o check up on corrosion sites.

{0061] Tables 5and 6 are st showing results of the three tests described. Tables 5 and 8 show that in the cases of
the threaded connedlions for comparative exampies, the resull of at lsast one test among the three 1ests was found
uneatisiactory. On the other hand, in the cases of the threaded connections accarding 1o the invention, the result of
every test was found satisiactory. Table 6 ehowe resulis of tests conducted on the threaded comnections marked K and
L wherein the difference in inclination A 8 was varied in propartion 1o DA and 8 r. it was confirmed from the resulis that
it was effective 10 vary A € In proportion 10 DRand 8 1.

BNSDOCILx <EP__00180E3A1_|»
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Table B
E:.'th resinofted onrepested  foreviera on the shibier [reanita of corromon test under componite stresn lond
hrended making up nf eonnret en under agial tenule
Ly, ] et reen
Irakage onrmann aites
ermhadimenta of A nn change. o wne none
fthe snwerton R mchange e e none
g h change pnn 1 °1
D no change nne *1 *1
E |no change none _none none
ive F yes none_ at the seal portion
mples g you_ ha | “1
H yes — ywaen2 *3
1 yea yu(329)*3 “3
J nons nons on the bax shoulder
*1 Inthe cass of the external shoulder Lype, only a tensile test m the axal directaon was conducted.
*2 figures in parentheses mdxats preasure values (kglmm?) at which leakage cccurred.  Corrosion tests could not be conducted.
*3 In case of leakege ccournng b internal pressure testn, the tests were suspended forthwith.
Table 8
mariongs for threaded  [results of test on on the shovider  jcorromon tebt results under composrte stress losd _ _
anl tenmie stress leakage corrosion gites
nia K no change none none none ]
the mventson | L | mochange none nons none

v €88 916043
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INDUSTRIAL APPLICABILITY

[0062] Inthe threaded connection for the oil country tubular goods, according to the invention, no crevice is formad
either on the imernal side of the torque shoulder in the case of the internal shoulder type, or on the external side of the
forque shoulder in the case of the axternal shoulder type when used evan under condiions subjected to load of a tenslie
strese due fo the weight of connecied pipes themselves, and the like. This is why same is unsusceptibie 1 crevice cor-
rosion caused by ingress of fluids flowing inside or outside of the pipes into the interior of the threaded comnection
through crevices in the torque shoukier region. Further, the threaded connection is able to withstand repeated uses as
frequent as scores of timee because axcessive plastic deformation does not occur to the torque shoulder. In addition,
the threaded conneciion can be manulachured by normal machining via a norma! number of process steps, preciuding
& possbility of an increase in manufacturing cost.

[0063] Hence, the threaded connection according 1o the invention is quite suited for use at oll wells, and the Ike under
Increasingly severs expioftation conditions.

1. A threaded corneciion for the ail country tubular goocs, wherem a seal portion Is formed by fitling a seal forming
face (13), provided on the outer surfaca of an end portion of a pin (11) of a pipe body, with male threads formed
theracn, inio a ceal forming face (23), providad on the inner surface of a box (21} of a coupling or a pipe body, wih
female threads formed thareon, while an internal shoulder is formead by butting a torque shoulder forming face (14),
provided at tha tip of the pin against a forque shoulder forming face (24) provided on the box, opposite 1o the forque
shoulder forming face (14}, said threaded connection for the off couniry tubular goods satislying the following con-
clitiong (1) and (2):

(1) The saal forming face on the pin and box, respactively, it a rotatable face, and tha piich diameter of the seal
forming face {13) on the pin, prior to making up the threadaed connection, is larger than a plich diameter of the
seal forming facae (23) on the box, prior 10 making up the tireaded connection;

and

{2) An indination (6 1) of the torqua shoulkder forming face on the pin, prior to making up the threaded connec-
fion, ks smaller than an inclination (6 2) of the torque shoulder forming face on the bax, prior to making up the
threaded connection, the difference (A 6) beiween the both indinations being in the mange of 0.5 to 4.0°.

2. Athreaded conneciion for the oll country tubular goods, whenein a ceal is formed by fitting a eeal forming face (53),
provided on the outer surface of a pin (11) of a pipe bady, cose o the base thereoi, with male threads formed ther-
eon, inio & seal forming face (63), providied on a inner surface of a box (21) of a coupling or a pipe body ¢lose ©
these tips thereo!, with female threads jormed thereon, whils an external shouider is formead by butting a forque
shouider forming face (84), provided at the tip of the bax againet a torque shouider farming face (54), provided an
the outer surface of the pin of the pipe body, closs to the base thereol, opposiie to tha torque shoulder forming face
(54), said threadad conneaction for the ol country tubular goods aatisfying the following conditions (1), and (2):

(1) The seal forming face on the pin and box, respectively, is a romable face, and the piich diameter of the sea)
forming face (33) on the pin, prior to making up the threadad connection, is larger than a plich diameter of the
saal forming face (683) on the bax, prior 1o making up the tireaded connection;

and

(2) An inclination (0 1) of the torque shoulder forming face on the pin, prior to making up the threaded connec-
fion is larger than an indination (6 2) of the torque shoulder forming face on the box, prior 1o making up the
thremded connaction, a difference (A 8) between the both inclinations being in the range of 0.5 10 4.0°.

3. Athreadad conneciion for the ofl couniry tubular goode, wherein & ceal is formaed in respective regions by fiting a
seal forming face (13), provikded on the outer surface of an end portion of a pin (11) of a pipe body, with male
threads formed thareon, into a seal forming face (23), provided on the inner eurface of a box (21) of a coupling or
a pipe body, with female threads formed thereon, and by fitling a seal forming face (53), provided on the auter ar-
face of a pin (11) of & pipa bady, close 1o theraod, provided with male thread, intd a seal forming face (63), provided
on the inner suriace of a bax (21) of a coupling or a pipe bady. close tn these tips thereol, with female threads
formed thareon, while an internal shoulkder and an external shoulder are formad respectively, by bulling & forque
shoulder forming face (14), provided &t the tip of the pin againsi a torque shauider forming face (24), provided on
the box, cpposite o the torgue shoulkier forming face {14), and by butiing a torque shoulder forming face (84), pro-
vided at the tip of the bax against a tomque shoulder forming face {54), provided on the outer surface of the pin of

BNBDOCID: <EP_0010GmaA 1) »
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the pipe body, close to the base thareof, opposits to tha torque ghoulder forming face (64), said threaded connec-
fion for the cil country tubular goods sabistying the following conditions (1) and (2):

(1) The seal forming faces on the pin and box, respectively, are rotatable faces, and the pitch diameter of the
[ seal forming faces (13, 53), on the pin prior to making up the threaded connection, are larger than a pich diam-

eter of the seal forming faces (23, 63) on the box, prior to meking up the threaded connection;

and

(2) Aninclination (8 1) of the torque shoulder forming faces on the pin, prior to making up the threaded connec-

fion, is emaller than an inclination (0 2) of the torque shoulder forming faces on the box, prior to making up the

1] threaded connection, a difference (A 8) in inclination beiween the both sides being in the range of 0.5 10 4.0°.

4. A thveaded connection for the il country tubular goods, according to Claim 1, 2, or 3, satisfying the following con-
dition (3):

15 (3) The difference (A @) between the indination (@ 1) of the torque shoulkder forming iace on the pin, prior 10

making up and the inclination (0 2) of same on the bax, prior to making up. ls proportional to DA, and 81,

respectively. In case the value of DA or &1 is large, the difference in incination (A 6) between the torque shoul-

der forming face on the pin and the same on the box, is increased, and in case the valus of DA or 3 r ia amall,

the diflerence in inclination {A 8) beiween the torque shoulder forming face on the pin and the same on the box
F ] ie recducec

wheren

D:  the cutside dlameter of the tip of the pin or bax
1 wall thidkeess of the 1ip ol the pin or b

8 r m ({interference on the seal forming face in the direction of the ciametsr) -
{interference on the thread portion in tha direction of the ciameter).

16
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international preliminary examination report and it annexes, if any, established on the intemational application.

2. A copy of the report and Its annexes, if any, s being transmiited to the Intemational Bureau for communication
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translations and paying national fees) within 30 months from the priority date (or later in some Offices) (Article
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INTERNATI NAL PRELIMINARY
EXAMINATI N REPORT International application No. PCT/EP01/08188

—+Baslaof theTe —

1. With regard to the slements of the intemational application (Replacement sheets which have been furnished to
the receiving Office in response o an invitation under Article 14 are referred fo In this report as “originally fled”
and are not annexed to this report since they do not coniain amendments (Rules 70.16 and 70.17))

Description, pages:

1-8 as originally flled °
Claims, No.:

1-10 with telefax of .- 05/08/2002

Drawings, shests:
. e, shee

1/2,2/2 ~ asoriginally filed

2. With regard to the language, all the alements marked above were available or fumished to this Authority in the
- language in which the intemational application was flled, uniess otherwise indicated under this item.

These elements were avallable or fumished to this Authorlty in the following language: , which ls:

'O the language of a translation fumished for the purpoees of the intemetional search (under Rule 23.1(v)).
O the language of publication of the intemational application (under Rule 48.3(b)).

O the language of a translation fumished for the purposes of intemational preliminary examination (under Rule
55.2 and/or 65.3).

3. With regard to any nuclectide and/or amino acid sequence disciosed In the International application, the

. intemational preliminary examination was carried out on the basls of the sequence listing:

containad In the international application In written form.

flled together with the International application In computer readable form.
fumished subsequently to this Authorlty in written form.

fumnished subsequently to this Authority in computer readable form.

The statement that the subsequently fumished written sequence listing does not go beyond the disclosure in -
the intemational application as flled has been fumnished.

The statement that the Information recorded In computer readable form Is identical b the written sequence
listing has been fumished.

O OooOoOooag

4. The amendments have resulted In: the canceliation of:

O the description, pages:
B thecleims, Nos.: 11

Form PCT/IPEA/QS (Boxes [-VIHI, Bheet 1) (July 1699)
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EXAMINATION REPORT

Intemational application No. Pc'i'IEP011081 88

O the drewings, sheets:

5. @ This report has been established as If (some of) the amendments had not been made, since they have been
considered to go beyond the disclosure as flled (Rule 70.2(c)): :

(Anyraphoemntshaﬂaanmhhgsmhnmmdmemsmbe referred o under item 1 and annexed (o this

report.)
see separate sheet -

6. Additional observations, if necessary:

V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or Inductrlnl applicabliity;
citations and explanations supporting such statement

' 1. Statement

Novelty (N) Yes:
No:

Inventive step (I18) Yos:
. . No:

Industrial applicabifity (IA) Yes:
. No:

2. ‘Chetions and explanations
soo separate sheet

Claims
Clalms

Clalms
Cilalms

Claims
Clalme

Form PCTAPEA/408 (Baxss 1Vill, Sheet 2) (July 1868)
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1-10

1-10
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INTERNATIONAL PRELIMINARY Intemetional application No. PCT/EP01/081 885
EXAMINATION REPORT - SEPARATE SHEET '

Be ltem {
Basls of the report

The examination s being carried out on the following application documents:

Text for the Contracting States:
ATBECHCYDEDKESFIFRGBGRITIELULUMCNLPTSETR

Ducu:lpllon. pages:

18 as originally filed
. Claims, No.:
1-10 with telefax of 05/08/2002
Drawings, sheets:
1/2.2/2 as originally flled .

1. The amendments filed with the Intemational Bureau under Article 19(1) Introduce
subject-matter which extends beyond the content of the application as filed,
contrary to Article 19(2) PCT. The amendments cancemed are the following:

. "the surfaces of the first and se.cond annular shoulders are equal or greatér to
25% of the area of the section of the pipe walls"

The passage of the description refered to by the applicant suggests only that the
annular shoulder of the female part has an area that is not less than 25% of the
area of the section of the pipe. No such indications conceming the male part were

disclosed in the original filing.

1.1 The report has therefore been established as if the amendments conceming the
annular shoulders had not been made.

Form PCT/Separate SheolM09 (Sheet 1) (EPO-Apr 1997)
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Reltem V
Reasoned statement under Article 35(2) with regard to novelty, inventive st p or

industrial applicability; cliations and explanations supporting such statement

1. Reference is made to the following document:

D3: EP-A-0 767 335 (VALLOUREC OIL & GAS; SUMITOMO METAL IND (JP)) 8
April 1997 (1997-04-09) citéd in the epplication

. 2. The document D3 is regarded as being the closest prior art to the subject-métter
of claim 1, and shows (the references In parentheses applying to this document):

"a pipe Integral threaded joint comprising a male element provided on its extemnal
surface with two radially spaced, truncated cone-shaped threaded portions with
tooth of trapezoidal proflle, sald two portions being divided by a first annular
shoulder lying on a plane orthogonal to the pipe axis and a female slement

. \provided on its intemal surface with two radlally spaced, truncated cone-shaped
threaded portions, said two portions being divided by a second annular shoulder
lying on a plane orthogonal to the pipe axis, the two threaded portions having the

°  same conicity value, being adapted to screw mutually and reversibly one Inside
the other in order to produce a contact between said two annular shouiders In an
assembied position, each of said male and female elements being provided with
two sealing surfaces the first annular shoulder and the second annular shoulder
have the shape of an annulus, lying on a plane for its entity without presenting any
elevation from the plane and in that the sealing surfaces are respectively placed at -
each axial end of the threaded portions of each male and female element.

2.1 The subject-matter of claim 1 therefore differs from this known threaded joint in
that a first one of said respective two sealirig surfaces has a conical shape and a
second one has a spherical shape and In that at least one of sald male and
female elements comprises along its entire surface a circumference cavity
between one of said two threading parts and the corresponding annular shoulder,
the at least one cavity being adapted to receive the expansion of the lubricating

grease of the joint.

Form PCT/Separato Sheet/408 (Sheet 2) (EPO-April 1097)
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22 The subjécl—rﬁatter of claim 1 Is therefore novel (Article 33(2) PCT).

3. The problem to be solved by the present Invention may therefore be regarded as
reducing the load of the metal-to-metal sealing area and at the same time
avoiding the problem of the lubricant that Is hydraulically pressed between the

. sealing areas, which could affect complete mechanical build-up of the pipe
connection.

3.1 The solution to this problem proposed in claim 1 of the present application is
considered as involving an inventive step (Article 33(3) PCT) for the following

3.2 The combination of the featuree of claim 1 is not rendered obvious by the
avallable prior art. '

4. Claims 2 - 10 are dependent on claim 1 and as such also meet the r'aqulrome_nts
of the PCT with respect to novelty and Inventive step.

Form PCT/Separate Sheet409 (Shest 3) (EPO-Aprl 1897)
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_  CLAIMS o | |

1. Pipe integral threaded joint comprising a male element (1) provided on its
extemnal surface with two radially spaced, truncated cone-shaped. threaded
portions (6,7) with focth of trapezoldal profile, sald twa portions (6,7) being divided
by a first annular shoulder (5°) lylng on a plane orthogonal to the pipe axis and a
female element (2) provided on Its intemal surface with two radially spaced,
truncated cone-shaped threaded portions (8, 9), said two'portions being divided by
a second annular shoulder (5") lying on a plane orthogonal to the pipe axis, the
two threaded portions (6, 7, 8, 9) having the same conicity value and being
adapted to screw mutually and reversibly one ingide the other in order to produce
a contact between sakd two annular shoulders (5', 5%) in an assembled position,
each of sald male (1) and female (2) elements being provided with two sealing
surfaces (12", 13", 12°, 13") the first annular shoulder (5') and the second anriular
shoulder (5°) have the shape of an annulus, Iymg on a plane for its entirety without
presenting any elevation from the plane, and in that the sealing surfaces (12", 13',
12", 13") are respectively placed at each axial end of the threaded portions (8, 7,
8, 9) of each male (1) and female element (2) characterised In that a first one of
sald respective two sealing surfaces (12', 13', 12°, 13") has a conical shape and a
second one has a spherical shape and In that the surfaces of the first and second
annular shoulders (5', 57) are equal or greater to 25% of the area of the section of
' the plpe walls and In that at least one of said male (1) and female (2) elements
. . comprises along Its entire surface a circumference cavity (14, 15) between one of
sald .two threading parts and the corresponding annular shoulder (5', 5"), the at
least one cavity (14,15) being adapted to receive the expansion of the lubricating
25 grease of the joint.
2. Joint according to claim 1, characterized in that both the male (1) and female (2)
elements comprise along .their entire surface the circumference cavity (14,15),
placed between one of the two threaded portions and the corresponding annular
shoulder (5', 5%). _ -
3. Joint according to claim 2, cheracterized In that the dimenslon (D") of the
external diameter (3) of said female element (2) at the joint Is larger than the
dimension (D"} of the extenal diameter (4) of the same female element (2) of a
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—value equalto or smaller than-3%.

4. Joint according to claim 3, characterized In that said comesponding two'
threaded portions (8,7,8,9) of sald male (1) and female (2) elements each have the
same conlcity value, comprised between 6.25 and 12.5%.

5. Joint according fo claim 4, characterized In that sald coresponding conical -
sealing surfaces (13, 12") of sald male (1) and female (2) elements have a
conicity value comprised between 12.5% and 25%.

6. Joint according to claim 5, characterized in that the profile of the threading tooth
has a loading flank (10) with a negative (a) angle and an stabbing fiank (11) with a
positive (B) angle.

7. Joint according to claim 8, characterized in that said negative (a) angle has a
value comprised between 0 and-10 and said positve (B) angle has a value
comprised between 10 and 30 .

8. Joint according to claim 7, characterized In mat sald comresponding two
threaded portions (6,7,8,9) of each of the male (1) and female (2) elements is

provided with a perfect thread for Its entire length.
9. Joint according to claim 7, characterized in that at least one of sald two
threaded portions (8, 7, 8, 8) of at least one of the male (1) or female (2) elemams
is provided with a first end (6", 77) with an imperfect thread.

10. Joint according to claim 8, characterized in that the corresponding threaded
portion of the other of sald at least one of male (1) and female (2) elements is also
provided with a second area (8', 8") having an imperfect thread placed at th

axiafly opposite end with respect to said first end.

AR AR DLIEET
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International Application No.
REQUEST 16 JUL 2001 @ 6. O7. @
- International Filing Date
EUROPEAN PATENT OFFICE
The undersigned requests that the present PCT INTERNATIONAL APPLICATION
international application be processed L.
according to the Patent Cooperation Treaty. MO!E& and “PCT International Application”
hcnnt'u(}:; t's file m 2388PTWO/er

Box Ne. I TITLE OF INVENTION
PIPE INTEGRAL THREADED JOINT

BoxNo.Il  APPLICANT [ ] his person is aiso inventor

N e, Bt e A i [Tomie
Bﬂbﬁlw 's State (that [s, country) ofresidence [fno Staleof Indicated below,)

Facsimile No.
DALHINE S.p.A.

Piazza Cadutl 6 Luglio 1944, 1 Teleprinter No.
24044 DALMINE (Province of BERGAMO) — ITALY

Applicant’s registration No. with the Office

State (thai is, country) of nationality: State (that is, country) of residence:
IT IT
B [ goee N iGEmie [rbiey [ 15

Box No.1ll FURTHER APPLICANT(S) AND/OR (FURTHER) INVENTOR(S)

N . -
T s e e o oo e T o o et it | T2 P i
Baxis thegpplicont’s Siate (that s, couniry) of residence nsmqf indicated balow) D applicant caly

l- .
DELLA PINA Giuseppe [x] -ppmnmdmmr

Vie Buttaro 26 D ol ) nat_ﬂ"hbebw,)

24044 DALMINE (Province of BERGAMQ) - ITALY Applicant's registration No. with the Office

State (that Is, country) of pationality: State (that is, couniry) of residence:
IT 1T

This person cant 1l desi| all designated cxcept the United
br tepupmeret _ [Jamer= ClatEtaves Erhmur [l St

[X] Further applicants snd/or (further) inventors are indicated on @ continustion sheet

BoxNo.IV AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE

identified below is hereby/has been appointed to act on behalf E agent

of the applicant(s) before the competent International Authorities as: Tepresentative

Name and address: faﬂmsﬂm Mnmﬁammwm Telephone No.
code and name of cuniry) +39 02541799.1

GERVASI Gemma Facsimile No.
NOTARBARTOLO & GERVASI S.p.A. +39 0254179920
Corso di Porta Vittoria 9 Teleprinter No.

20122 MILAN - ITALY

Agent’sregistration No. with the Office

Address for correspondence; Mark this check-box where no :-f“ common representative is/has been appointed and the
space above js used instead to indicate a special address to which comespondence should be sent.

Form PCT/RO/101 (first sheet) (March 2001; reprint July 2001) See Notes 1 the request form
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éontinuaﬂon of Bax No.IIl1 FURTHER APPLICANT(S) AND/OR (FURTHER) INVENTOR(S)
If none of the following sub-baxes is used, this sheet should not be included in the requesi.

Name and addvess: Fﬂbmﬂbﬁbﬂmm Jor g legal enllty, full official designation. | This person is:

The oddress mus; include postal code and name of coun pry of the address indicased in this

Bax is theapplicant s Staie (thai s, mﬂy)drﬂfdncl?n.han is indicased balow,) |‘_‘| applicant only
ROTINI Giuasppe [X] applicant and inventar
Via XXV Aprile 56/A inventor only (1f this check-box
24044 DALMINE (Province of BERGAMO) - ITALY D is marked, do not fill in below,)

Applicant'sregistration No. with the Office

State (that is, country) of nationality: State (that is, country) of residence:
IT IT
- a l' » - "
or the paposr [ St ] "‘""“"u..,..am.,fm“‘"‘. oFAmcncacaty | the Someremeraal Ao
Ni d address: fowed by afficial derignation, 5 .
mmmﬁﬂgﬁ 7 ool s AL .ﬁwmﬂum oty | T3 person is:
Box i the applicant's Srate fthat ks, counsry) of residence Em&ud' D spplicant anly
[X] spplicant and iaventor

SIGNORELLI Angelo
(If this check-box

Via Portici Manarini 18E D is marked, Mﬂlbw
24060 CHIUDUNO (Province of BERGAMO) — ITALY

Applicant's registration No. with the Office

State (that is, coumtry) of nationality: s.I‘E.l' {(that is, cosntry) of residence:
IT
is person i licant all designated designated Stuies except : ndicated j
Eﬁu,,w:;"gfm D States D.“ the United Statex of Americs #Amw mmulmnlﬂg
e, ettt o e o, T i
Bax ir the applicant s State (that Is, country) of residence [fno Stateqf| irindicamd below,) D applicant only
D epplicant and invesntor
mvmlnr mdlz (1f thiz check-box
not fill in below,)

Applicant'sTegistration No. with the Office

State (thar iy, country} of nationality: State {thai is, couniry) of residence;
Thu licant i
pumulpp Du designated Dlhslhmd “m DtheUniul'Sm Dﬁesuuuullnndm
Name and sddress; name followed -ﬂua fiull affictal dasignation . .
The adkdress et Inciucs pord code v o b, o -unmuhm This pereon is:
Box is the applicans's Swmie (that s, couniry) of residence mShmf D applicant only

[] sppticant and inventor

D inventor onl g#;;u-h

Applicant'sregistration No, with the Office

State {tkat is, cosmivy) of nationality: State (that is, country) of residence:
mtmmlnpghnm I:Ialldummd Dlllh;ﬂus?m D UnmdSmu mmiﬂhﬂg‘i‘p

D Further applicants and/or (further) inventors are indicated on snother continuation sheet.

Form PCT/RO/101 (continuation sheet) (Merch 2001; reprint July 200]) See Notes 1o the request form
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. SheetNo. .......
Box No. V DESIGNATION OF STATES Mark the appiicable check-baxes below; at least one must be marked.
The following designations are hereby made under Rule 4.9(s): -
Regional Patent _
X AP ARIPO Patent: GH Ghana, GM Gambis, KE Kenya, LS Lesotho, MW Malawi, MZ Mozambique, SD Sudan,
SL Siera Leone, SZ Swaziland, TZ United Republic of Tanzania, UG Uganda, ZW Zimbabwe, and eny otber State which is
a Contracting State of the Harare Protocol and of the PCT
X1 EA EurasianPatent: AM Armenia, AZ Azerbaijan, BY Belarus, KG Kyrgyzstan, KZ Kazakhstan, MD Republlc of Moldova,
RU Russian Federation, TJ Tejikistan, TM Turkmenistan, and any other State which is a Contracting State of the Eurnsian
Patent Convention and of the PCT
X] EP European Patent: AT Austria, BE Belgium, CH & LI Switzerland and Liechtenstein, CY Cyprus, DE Germany,
DK Denmark, ES Spain, F1 Finland, FR France, GB United Kingdom, GR Greece, 1E Ireland, IT Italy, LU Luxembourg,
MC Monaco, NL Netherlands, PT Portugal, SE Sweden, TR Turkey, and any other State which is a Contracting State of
the European Patent Convention and of the PCT
Xl OA OAPI Patent: BF Burkina Faso, BJ Benin, CF Central African Republic, CG Congo, CI Cbte d'Ivoire, CM Cameroon,
GA Gabon, GN Guinea, GW Guinea-Bissau, ML Mali, MR Mauritania, NE Niger, SN Senegal, TD Chad, TG Togo, and any
other State which is amember State of OAP] and a Contracting State of the PCT (§fother kind of protection or treatment desired,
specifyondotted Bre) . ..........c0cieniiiiiaiiietiiatit e it Veeteateriananaaa caas
National P_glt {if other kind of protection or treatment desired, speclfy on dotsed ling):
[ AE United Arab Emimtes B GHGhana..........covnnenen e B MXMexico.......covnnnmeeennn.
BJ AG Antigua and Barbuda GM Gambia MZ Mozambicque
X AL Albsmia..........v0000vv.e0.. B0 HR Crontis ...... Cetriarareieeen NO Norway
B0 AMAmenia............ccovvvee.. Bl HUHumgmy .ooovivviiienene. .. Bl NZ New Zealend ............
AT Austrin....coovieeennenannenn. Xl ID Indonexia X PL Poland...........c..coeeu
B AU Australin .. ocininiiinnnnn v P T T & PT Portugal.............convens
B AZ Azerbaijan B IN India...........coecuvene ..[X1 RO Romanis
GJ BA Bomis end Herzegovima . . . ... ... X 18 Ilceland Bl RU Russian Fedemstion . ..........
BB Barbados B IP Jpan.....cooociiviiiiians ereressarissiiaiiicesanas
[XI BG Bulgaria...............c...... . @ KE Kemya............ Cettiesenas SD Sudsn
X BR Brazil...... ceseranzeasas vorro B KG Kyrgyzstan .. . ... trerresnsnuas ] SE Sweden
BY Belarus . .......cccovnemnnnn.., Xl KP Demoacyatic People’s Republic SG Singapore
Kl BZ Belizs.......... terreanrnerenn of KOrel .....ociivvanennns X SI Slovenia........cconvnen-.
X CA Cunada [ KR Republicof Kores.......... vo.[E] SK Slovaki®,.....0vuvnene-
] CH & LI Switzeriand and Liechtenstein KZ Kezakhotan .. .........ccc0ens B SL SiemaLleone..........-......
K o~ Chima.......... e etteerraan B LC Ssint Lucia B TJ Tajikistan..,........c.c....
&l €O Colombia X LX SriLanks & T™™ Twlknemistan................
KICR ComaRica...........o00nunn X LR Liberia @ TR Tukey........ versrramaasan
BcucCubm.......ocovvvvennnnnnnn. (X1 LS Lasotho . ......cevnnnennnnnn [ TT Trinidad and Tobago ..........
CZ Crech Republic .. ...vveetens LT Lithusnia = eeeeieeesiiaisessasasaanes
DE Germany . .....c.cceevvnrnnes LU Luxembourg TZ United Republic of Tanzania
EIDKDenmark..............c0000e LV Latvia B UAUknine ...................
Kl bM Dominica Bd MA Morocco ... reeiniecierenas B UGUgands .............ennnnn
&1 DZ Algeria ......... Cetieresannas ] MD Republic of Moldova . ........ X1 US United Swmtes of America . .....
Bl EC Ecusdar L iiiiieiereeeiieressees eeessessessesereessesserens
EKIEE Estonia.............ccveeeee X MGMadagascar.................. B UZ Uzbekistan ... ..ooucvvuannes
KIES Spain .....covvvevivnnnnnnenns [ MKThe former Yugoslav Republic of [§] VN VietNam.............
FI Finlsnd.........cccvvniennnns Macedonis .........c....euns & YU Yugoslavie ................ .
El GB Uniwd Kingdom X MN Mongolis [ ZA South Africa................
&l GD Grenada B MWMalawi. ......ccceeiinnn.n. ZWZimbabwe . ............00.e
BIGEGeogis......cccavnvvevnrenss
Check-baxes below reserved for designating States which have become party to the PCT after issuance of this sheet:
O........... Cettesiesieebbannnenes O........... eereerranann Certeares 0 Pt
O.......... Cerersersisesssaressaans S o [ rersrarannaanans N i | Vetaaasrsernrarnranrnrnn
Precavtionary Designation Statement: In addition to the designations made above, the applicant also makes under Rule 4.9(b) all
other designations which would be permitted under the PCT except any designation{s) indicated in the Supplemental Box as being
excluded from the scope of this statement. The applicant declares that those additional designations are subject to confirmation and that
eny designation which is not confirmed before the expiration of 15 months from the priority date is to be regarded as withdrawn by the
applicant at the expiration of that time limit. (Confirmation (including fees) muust reach the receiving Office within the 1 5-month time limit )

Form PCT/R0O/101 (second sheet) (July 2001) See Notes 1o the uqugnﬁnm
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BoxNo. VI PRIORITY CLAIM

The priority of the following eartier application(s) is hereby claimed:

Filing date Number = . ! .. _ ... ‘Where earlier application is:

of earliéi application | of earlier application
country regiom] Office receiving Office

(dawmonthiyear) - nationat application: | regionel application:* | international spplication:

item (1)

1]
17 J £v1 'Z‘o&? 0 MI2000A001614 ITALY

item (2)

item (3)

item (4)

item (5)

[ Further pricrity claims are indicated in the Supplemental Box.

The receiving Office is requested to prepere and transmit to the International Bureau a centified copy of the uﬂla'lppllﬂuon(l) (mb-
mwmmmﬁuuﬂh%ﬂdﬁrhmdﬂ:mm&hmw
as;

O stitems [J ey [ wem@ [J wm@ [Jitme [ iem O inm

* Where the eariier application is an ARIPO application, indicate ot least one country the Paris Convention for the Protsction
Il Froperey e ons Member of the Werll Trouie Orainioation. for which sy s e e E s et ovats 4- 0yt o

Box Ne. VII INTERNATIONAL SEARCHING AUTHORITY

Eh-nr:l: of International Su:ﬂllng Authorlty (ISA) (% two or more Inm Searching Authorities are competent io carry out the

Request to use results of earlier rearch; reference to that search (if an axrlier search has been carried out by or requesiad from the
Inmmlmmamww
Date (daymonth/year) Number Country (or regianal Offics)

Box Na. VIII DECLARATIONS

The following declarations are contained in Boxes Nos. V111 (i) to (v) (mark the applicable Namber of
check-baxes below and indicate in the right cobumn the monber of each iype of declaration): declarations
D Box No. VIII (i) Declamtion as to the identity of the mvenior

D Bax No. V1II (ii) Declarstion as to the applicant’s entitlement, ss at the international filing
date, to spply for and be granted a patent

[] BoxNo. v Giii) Declaration 15 to the spplicant’s entitiement, as at the internationa) filing
date, to claim the priority of the earlier application

D Box No. VIII (iv) Declaration of inventorship (only for the purposes of the designation of the
United States of America)

[] BoxNo. VIl (v) Declarstion ss to non-prejudicial disclosures or exceptions to lack of novelty

Form PCT/RO/10] (third sheet) (March 2001; reprint July 2001) See Notes 10 the request form
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B:)l No.IX CHECK LIST; LANGUAGE OF FILING

S

This internationa] application containy: This international application is accompanied by the following Number
(l) the following number of I'MI'I(!) M the amﬂmbh check-baxes below and indicate in of items
sheets in paper form: right column the numbrqf each item):
request(includi 1. [J fee calculation sheet
declaration ahee'::-) : 5 2. original separnte power of attomey 2
descri excl . .
sequmeepmﬂs(tmg w . 8 3.0 original general power of attomey
claims : 2 4.0 ett_:py of general power of attorney; reference number,
) MY s veviievnns et ertaransannasannennnnan :
::;ﬁtp 12 503 sllteml explaining .Inck t-)fli;.nntme
Subtotal mumber ofsheets : 18 D e e B e L s :
fg;ﬁ’;m 7. [ trenslation of intenational applieation into
or not 8. separate indications concerning deposited microorganism
JSiled in : nm = or other biological material "
see () ‘ 9. [ sequence listing in computer readable form (indicate also type
Total nomber of shests  : 18 " and mumber of carriers (diskette, CD-ROM, CD-R ar other ))
(b) sequence listing part of description filed in (i) [J copy submitted for the purposes of international search
computer readable form under R_ule 13ter gnlx {and not es part of the
G) L oniy (under Secion 301(4X) a0 ?Tmm'lmwmmfzm (®) (i) is marked in lefi :
i i) is in
(i) OJ in addition to being filed in : ::.m) additional copies in:lrudm' g, where applicable,
form (under Section 801(a)(i) the copy for the purposes of international mll::lil under
s Lo ri =
or on (i) [ together with relevant statement a8 to the identity
o bt e o 50, o e cop o oo i tesqunce it par
...................... 10. fX] other Gpecify): .. 10EYOR Ll 1
Figure of the drawings which Language of fling of the
should accompany the sbatract: 1 international application: ENGLISH

Box Ne. X

SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE
Naxt 1 each signature, indicasm the nawe of the person signing and the copacily in which the person signs (if such capacily is not olvious from reading the requesy).

Milean, 12 July 2001

A rv‘"d‘——-—-/ \
GERVASI “Gemma

For receiving Office use only
1. Date of actual receipt of the : 2. Dmwings:
acraional spprcaions T (15.9.00) 16 JuL 2o K il
recei
3. Corrected date of actual receipt due to later but
timely received paper or drawings eompleuns
the internations| application;
- of ti ipt of the required not received:
4. Duicf mey ol e v L
5. Intemnational Searching Authority 6. D Transmittal of search copy delayed
(if two or more mwmpmm) ISA/ mulmhtuupmd
For International Bureau use anly .
f receipt of the record
I:D;:;:lnmmoml Emuu. oy
Form PCT/RO/101 (last sheet) (March 2001; reprmt July 2001) See Noles 1o the request form
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PATENT COOPERATION TREATY W 6 @

From the INTERNATIONAL BUREAU

To:
PCT GERVASI, Gemma
Notarbartoto-8-Gervasi-S.p.A-
NOTICE INFORMING THE APPLICANT OF THE Corso di Porta Vittoria, 9
COMMUNICATION OF THE INTERNATIONAL 1-20122 Mllan p—
APPLICATION TO THE DESIGNATED OFFICES ITALIE NOTARRARTOLO & GERVAS|
Ex MILANO
(PCT Rule 47.1(c), first sentence) b,/c EIvED
Date of malling {day/monthAvear) ' FEB mz
24 January 2002 (24.01.02) / ~ o
]
Applicant’s or agent's flle referance ——
2388PTWO/er IMPORTANT NOTICE
Inmernational application No. International flling date (day/month/year) |Priority date (day/month/year)
PCT/EP01/08188 16 July 2001 (16.07.01) 17 July 2000 {17.07.00)
Applioant
DALMINE S.P.A. et al

1. Notice Is heraby given that the intemational Bureau has communicatad, 83 provided in Article 20, the International appliostion
to the following designated Offloss on the date Indicated above as the date of mailing of this notice:

KP,KR,US

In acoordance with Rule 47.1{c}, third sentence, those Offices wlill sccept the presernt notice as conolusive svidence that
the communication of the intemnatlonal application has duly taken place on the date of malling indicated above and no copy
of the Intemnational application ls required to be furnished by the applicant to the designated Offica(s).

2. The following designated Offices have walved the requirement for such a communication at this time:
AE,AG,AL,AM,AP AT AU,AZ BA,BB,BG,BR,BY,BZ,CA,CH,CN,CO,CR,CU,CZ,DE,DK,DM,DZ,EA EC,
EE,EP,ES,FI,GB,GD,GE,GH,GM,HR,HU,ID,IL,IN,IS,JP,KE,KG,KZ LC,LK,LR LS LT LU,LV,MA,
MD,MG,MK,MN,MW,MX,MZ,NO,NZ,0A, PL.PT,RO,RU,SD,SE,SG,S1,.SK,SL,TJ, TM, TR, TT,TZ,UA,UG,

The communication will be made to those Offloes only upon their request. Furthermore, those Offices do not require the
applicant to furnish a copy of the Internstional application (Rule 48.1{a-bis)).

3. Enclosed with this notioe Is a copy of the international application as published by the intemational Bursau on
24 January 2002 {24.01.02) under No. WO 0208716

REMINDER REGARDING CHAPTER |l {Article 31(2)(a) and Rule 54.2)

H the spplicant wishes to postpone entry into the national phese untll 30 months (or later In some Offices) from the priority
date, a demand for international preliminary sxaminstion must be filad with the compstent Internstional Preliminary

Examining Authority before the expiration of 18 months from the priority dats.
It is the applicant's sole responsibliity to monltor the 19-month time limit.

Note that only an applicant who is a national or resident of a PCT Contracting State which is bound by Chapter [l has the
right to flle a demand for international preliminary examination (st present, all PCT Contracting Stetes are bound by Chapter Il).

REMINDER REGARDING ENTRY INTO THE NATIONAL PHASE {Article 22 or 39(1))

if the spplicant wishes to proceed with the international application in the national phasa, he must, within 20 months
or 30 monthe, or later In some Offices, perform the acts referred to thersin before each designated or slected Office.

For further Important information on the tims limits and acts to be performed for entering the national phase, see the
Annex to Farm PCT/B/301 (Notilcation of Receipt of Record Copy) and the PCT Applicant's Gulde, Volumae Il

‘The International Bureau of WIPO Authorized offioer
34, chemin dea Colombettes J. Zahra
1211 Genava 20, Switzeriand
Facsimlle No. (41-22) 740.14.36 Telephone No. {41-22) 338.81.11

Farm PCTAB/308 (April 2001) 4B58082



* . WO 02/06715
X PCT/EPO1/08188
Continuation of Form PCTAB/308

NOTICE INFORMING THE APPLICANT OF THE COMMUNICATION OF 6 }
THE INTERNATIONAL APPLICATION TO THE DESIGNATED OFFICES

Dete of malling (day/month/year)
24 January 2002 (24.01.02) IMPORTANT NOTICE
Applicant's or agent’s file references Imemational application No.
238BPTWO/er PCT/EPO1/08188

The applicant is hereby notified that, at the time of establishment of this Notice, the time limit under Rule 48.1 for making
amendments under Article 18 has not yet explred and the International Bursau had recefved nelther such amendments nor a
declaration that the applicant daes not wish to make amendments.

Form PCT/1B/308 {continuation sheet) {April 2001) 4508082
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PCT/EP01/08188
PATENT COOPERATION TREATY 9{3(” 45

From the INTERNATIONAL BUREAU

PCT To:
INFORMATION CONCERNING ELECTED
GERVASI, Geamma
OFFICES NOTIFED OF THEIR ELECTION Notarbartolo & Gervasi S.p.A.
Corso di Porta Vittariayfan
(PCT Rule 61.3) 1-20122 Milan Bﬁm&lﬁo & GERVAS|
ITALIE y CEIVED
Date of malling {day/monthivesr) 12 MAR. 202
05 March 2002 (05.03.02) 4
Applicant’s or agent's file referonge
2388PTWO/er IMPORT.
international applicstion No. International filing dete (dey/month/vear) |Priority dete (day/monthiyear)
PCT/EPD1/08188 18 July 2001 (16.07.01) 17 July 2000 (17.07.00)

Applioant
DALMINE S.P.A. et &l

1. The applicant is hereby Informad that the International Bursau has, according to Article 31(7), notiflad each of tha following
Offices of ita election:
EP :AT,BE,CH,CY,DE,DK,ES,FI,FR,GB,GR,IE,IT,LU MC,NL,PT,SE, TR
Natlonal :AU,BG,CA,CN,DE,GB,IL,JP,KP,KR,MN,NO,NZ,PL,RO,RU,SE,SK,US

2. The following QOffices hava walvad the requirement for the notification of their election; the notification will be sent to them
by the international Bureau only upon their request:
AP :GH,GM,KE,LS,MW,MZ,SD,SL,SZ,TZUG.ZW
EA :AM,AZ,BY,KG,KZMD,RU,TJ,TM
OA :BF,BJ,CF,CG,CI,CM,GA,GN,GW,ML,MR,NE, SN, TD,TG
Natlonal :AE,AG,AL,AM,AT,AZ,BA,BB,BR,BY,BZ,CH,CO,CR,CU,CZ,DK,DM,DZ,EC.EE,
ES,Fl,GD,GE,GH,GM,HR,HU,ID,IN,IS KE,KG,KZ,LC,LK,LR,LS,LT,LU,LV,MA,MD,MG,
MK, MW MX,MZ,PT,SD,SG,SL.SL,TJ, TM, TR, TT,TZ,UA,UG,UZ VN, YU,ZA,ZW

3. The applicamnt Is reminded that he must enter the "national phase”™ before the expiration of 30 months from the priority date
befora sach of the Offices listed above. This must be done by paying the national fee{s) and fumishing , i prescribed. a
transiation of the internstional application (Article 38(1)(a)). as well as, where applicable, by fumishing a transiation of any
annexes of the international preliminary examination report {Artiole 38(3)(b) and Rule 74.1).

Some offices have fixed time limits expiring later than the above-mentioned time limit. For detalled Information sbout the
applicable time limits and the aots 1o be performed upon entry into the national phase before a particular Office, see Volume I!
the PCT Applicant's Guide.

The entry into the Europasn reglonal phase Is postponed until 31 months from the priority date for all Statas designated for
the purposses of obtaining a Europsan patent.

The | Bureau of WIPO Authorized officer:
34, chemin des Colombettes Zakerla EL KHODARY %
1211 Genova 20, Switrorland
Faosimile No. (41-22) 740.14.36 Telaphone No. {41-22) 338.83.38
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JUNTA ROSCADA INTEGRAL PARA TUBOS
CAMPO DE LA INVENCION

La presente invencién concierne a una junta
roscada integral para tubos, que tienen dimensiones
diametrales reducidas, en particular para tubos empleados en
la industria de explotacién de campos de gas o petrdleo. Esos
tubos pueden usarse tanto como conductos para el bombeo del
gas © del petrélec asi como para el revestimiento de 1los

pozos.

ANTECEDENTES DE LA INVENCION

La industria de la explotacién de gas natural y
petréleo, emplea tubos que tienen una longitud fija, que
deben ser conectados a los extremos de otros, a fin de llegar
a las enormes profundidades en donde se localizan
generalmente las minas de hidrocarburos.

En la técnica de perforacién mas cominmente
empleada, se perforan pozos que empiezan desde la tierra o
desde la superficie del mar, a fin de llegar al cémpo de
petréleo o gas. Esos pozos pueden tener una profundidad de
varios miles de metros. Durante la perforacién, los pozos se

recubren por dentro con tubos metdlicos, en toda su longitud.
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Los segmentos de tubo metdlico, que tienen una longitud de
aproximadamente 10 metros, se conectan unos con otros
mediante juntas roscadas. Por lo tanto, estos tubos forman
una linea tubular que tiene el mismo diametro en toda su
longitud excepto en 1las juntas, cuyo diametro externo es
generalmente de al menos 25.4 mm (1 pulgada) mayor que el de
la linea.

A fin de formar un revestimiento para toda la
profundidad del pozo, se usan varias 1lineas que tienen,
debido a la resistencia mecanica y a las caracteristicas
geolégicas del sitio, menor didmetro mientras mayor es la
profundidad de la linea, a fin de formar una estructura
“telescOpica”. Se comprende que, dado que el didmetro en la
parte inferior del pozo varia de acuerdo con la presién y el
flujo de los fluidos que se van a extraer, mientras méas
profundo es el pozo, mayor serd su diametro en la superficie.
Como consecuencia desfavorable de lo mencionado
anteriormente, el costo de perforacién es alto y, ademds,
estos revestimientos para pozos requieren de una gran
cantidad de material, siendo entonces muy caros. Un diametro
mas pequeflo en los pozos significa también menores tiempos de
perforacién y revestimiento. Por 1lo tanto es e.sencial
minimizar el diadmetro del pozo y el diametro del tubo de
revestimiento, con una cantidad igqual de fluidos extraidos.

Una vez finalizada la perforacién, dentro del
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pozo revestido se inserta otra linea tubular que debe bombear
el gas o el petrdleo hacia afuera del campo subterréneo. ‘Esta
linea, que sigue la profundidad total del pozo y que puede
alcanzar por lo tanto una longitud de varios miles de metros,
se forma también conectande tubos que tienen también una
longitud de aproximadamente 10 metros, mediante las Jjuntas
mencionadas anteriormente. Usualmente, también este segundo
tipo de linea tiene el mismo diametro en toda su longitud
excepto en las juntas, cuyo didmetro externo es en general
mayor, como sucede en el caso previo.

En ambos casos mencionados anteriormente los
tubos se conectan mediante Jjuntas ros:cadas que pueden ser
integrales, y en este caso un extremo del tubo tiene una
rosca macho, y el otro extremo tiene una rosca hembra, o
pueden ser del tipo manguito de unién, y en este caso ambos
extremos del tubo tienen una rosca macho, conectandose
mediante un manguito de unién con rosca hembra por ambos
lados. Usualmente, la presencia de la junta involucra un
incremento del diametro externo de la linea, en donde se
encuentran las juntas; mientras mayor es el diametro externo
de la junta, en comparacién con el tubo, mayores son las
dimensiones generales de la linea y del pozo de sondeo.

Después de que 1las compaflias petroleras
requirieron minimizar los costos de explotacién de petrbdleo y

gas, se llevaron a cabo notables esfuerzos a fin de reducir
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el diadmetro de los pozos y por lo tanto el diametro de los
tubos.

A fin de reducir el diametro externo de la
linea, y por lo tanto los costos de perforacidén y la cantidad
de material requerido, se usaron juntas roscadas gque tenian
dimensiones diametrales reducidas, que podian ser divididas
en tres tipos diferentes, de acuerdo con el rendimiento
requerido y las dimensiones maximas permitidas. Un primer
tipo, que es llamadc a menudo “semi-alojado”, es una junta de
acoplamiento cuyo didmetro externo no excede mas del 6 % del
didmetro externo del tubo. Un segunde tipo, usualmente
llamado “casi alojado”, es una junta integral cuyoc diametro
externo es aproximadamente de 2 a 3 % mayor que el diametro
externo del tubo. Un tdltimo tipo, llamado “alojado” es una
junta integral cuyo diidmetro externo corresponde al diametro
externo del tubo.

La selecciétn entre los diferentes tipos de
juntas depende de la carga existente en la linea de tubos, de
la presidn que actie interna y/o externamente, de su longitud
y de sus dimensiones diametrales mAximas permitidas con
respecto al diametro del pozo.

Si el didmetro de 1la Jjunta se redube, es
necesario encontrar nuevas soluciones capaces de compensar la
menor resistencia estructural. De hecho, en las partes

cercanas a las juntas, la eficacia es necesariamente menor
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que en el tubo, debido a que los elementos estructurales
tales como la rosca, los obturadores y los salientes estéan
colocados en el espesor de la pared del tubo y esto involucra
una seccidn reducida en las partes criticas del elemento
macho ¢ hembra.

Una minimizacién de las causas de ruptura de
los tubos es esencial debido a qué esas rupturas,
principalmente después de que los tubos han sido colocados en
el subsuelo, y que por lo tanto es casi imposible que los
operarios reemplacen una junta rota, puede tener
consecuencias econémicas extremadamente serias y puede causar
problemas ambientales, particularmente si el campo de
petrdleo o gas contiene elementos dafiinos.

Por lo tanto, en el pasado se ha hecho mucho
para mejorar las Jjuntas y para alcanzar un nivel de eficacia
6ptimo, para equilibrar las diferentes necesidades, que a
veces contrastan entre si, de dimensiones minimas,
resistencia estructural maxima y hermeticidad contra la
salida y/o entrada de los fluidos. De hecho, los tubos sufren
varias fuerzas, especialmente de compresién, traccién,
flexiétn y de la presién producida por fluidos externos y/o
por fluidos que circulan dentro de los tubos.

Las juntas deben tener también una resistencia
6ptima al enroscado y conexién.

Los problemas estructurales y de obturacién se
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empeoran a menudc por la temperatura del fluido, por su
corrosividad o por las condiciones ambientales de las Aareas
de excavacién. En el pasado se han propuesto varias
soluciones a fin de satisfacer las condiciones mencionadas
anteriormente.

La Solicitud de Patente Internacional WO-A-
93/18329 concierne a una junta con dimensiones diametrales
reducidas, que tiene un saliente central. Ese saliente esté
provisto, tanto sobre el elemento macho como sobre el
elemento hembra, con una proyeccién y una cavidad que son
paralelas al eje del tubo, que tienen superficies homblogas
que se acoplan a fin de bloquear los dos elementos de la
junta. Sobre las proyecciones del saliente se proporcionan
dos superficies obturadoras. El saliente divide dos partes
roscadas radialmente descentradas, que tienen forma de cono
o forma de cono y cilindrica.

Esta junta es muy eficiente pero tiene una
estructura particularmente compleja que inveolucra costos de
producciédn muy altos.

La Solicitud de Patente Europea EP-A-767335
concierne a una junta con dimensiones diametrales reducidas,
provista de un saliente central y dos obturadores metalicos
colocados en el extremo de los elementos macho y hembra. El
saliente divide dos partes roscadas radialmente descentradas,

que tienen forma de cono y cilindrica.
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Esta estructura de junta es mds simple que la
estructura previa, pero siempre es relativamente compleja
debido a la rosca en forma de cono y cilindrica. Ademas, los
dos obturadores que se encuentran en los extremos de las
juntas, sellan herméticamente su interior, presurizando asi
la grasa lubricante para el enroscado, con posibles efectos

negativos en la hermeticidad de la junta.

BEREVE DESCRIPCION DE LA INVENCION

Un primer objeto de la presente invencidén es
superar las desventajas, mencionadas anteriormente, de las
juntas de la técnica anterior, mediante una nueva junta del
tipo “casi alojado” que, aunque tiene las mismas dimensiones
de ' las juntas de 'la técnica anterior, no involucra 1los
problemas mencionados anteriormente. Un objeto particular de
la presente invenciédn es proporcionar una junta integral que
tenga dimensiones diametrales reducidas y menores costos de
produccién, a la vez gque asequre una alta resistencia y
hermeticidad operativa.

Un objeto adicional de la presente invencién es
proporcionar una modalidad de esta junta, que simplifique su
instalacién.

Estos objetos se consiguen mediante una junta

integral para tubos que, de acuerdo con la reivindicacién 1,
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comprende un elemento macho cuya superficie externa esté
provista de dos porciones roscadas en forma de cono truncado,
radialmente separadas, en donde las dos porciones estan
divididas por un primer saliente anular que se encuentra
scbre un plano ortogonal al eje del tubo, y un elemento
hembra cuya superficie interna estéd provista de dos porciones
roscadas con forma de cono truncado, radialmente separadas,
en donde las dos porciones estdn divididas por un segundo
saliente anular que queda sobre un plano ortogonal al eje del
tubo, en donde cada uno de los elementos macho y hembra estan
provistos de dos superficies obturadoras colocadas
respectivamente sobre los extremos opuestos con respectc a
las porciones roscadas, las dos porciones roscadas
respectivas son capaces de enroscarse en forma mutua y
reversible, una dentro de la otra, a fin de producir un
contacto entre los dos salientes anulares, la junta esta
caracterizada porque las dos porciones roscadas,
correspondientes, de cada elemento macho y hembra, tienen el
mismo valor de conicidad, y porque la primera de 1las dos
superficies obturadoras, respectivas, de los elementos macho
y hembra, tiene una forma cénica, y una segunda superficie
tiene una forma esférica.

Gracias a esta modalidad, la junta permite una
facil instalacién de la linea de tubos, con riesgo reducido

de dafio a las juntas, a la vez que asegura una resistencia
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6ptima de la linea de tubos en las juntas.
Modalidades preferidas de la presente invencién
se describen con detalle en las reivindicaciones

dependientes.

BREVE DESCRIPCION DE 1OS DIBUJOS

Caracteristicas y ventajas adicionales de 1la
presente invencidédn serén evidentes a partir de la siguiente
descripcién detallada de una modalidad preferida, aungue no
exclusiva, de una junta integral, proporcionada como un
ejemplo no limitativo, con referencia a los siguientes
dibujos, en donde:

La figura 1 muestra una seccién transversal a
lo "largo de un plano axial de la junta de acuerdo con la
invencibén, en donde los dos elementos se encuentran en una
posicidén desunida;

La figura 2 muestra la junta de la figura 1 con
los dos elementos en una posicién ensamblada;

La figura 3 muestra una vista agrandada, de un
detalle de la rosca de la junta de la figura 1;

La figura 4 muestra una seccién transvérsal a
lo largo de un plano axial de otra modalidad de la junta de
acuerdo con la invenciétn, en donde los dos elementos estdn en

una posicién desunida:
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La figura 5 muestra la junta de la figura 4,

con los dos elementos en una posicidn ensamblada.

DESCRIPCION DETALLADA DE LA INVENCION

Con referencia a las figuras mencionadas
anteriormente, la junta de conformidad con 1la presente
invencién comprende dos elementos o tubos, a decir el
elemento macho 1 y el elemento hembra 2. La junta esta
formada por una parte interna 20 en donde fluyen los fluidos,
por ejemplo gas natural o petréleo, u otro fluido analogo,
bajo presién, y una parte externa 30 que puede ser llenada
también con diferentes fluidos o liquidos, usualmente también
presurizados. El diametro externo 3 del tubo 2 en el area de
la ‘junta, tiene el didmetro maximo en donde una dimensién D’
es ligeramente mayor que el diametro externo 4 del tubo 2 en
el drea central lejana a la junta, con una dimensién D”. Las
dos 4&areas del tubo, mencionadas anteriormente, que tienen
diferentes diidmetros 3 y 4 se conectan en una forma gradual.
La dimensién D' es mayor que la dimensiétn D” en un valor
igual o menor que 3 %.

El elemento hembra 2 de la Jjunta tiene una
rosca interna dividida en dos porciones, o escalones, 8 y 9,
con una generatriz cébnica con cierto angulo respecto al eje

del tubo. Esas dos partes 8 y 9 estdn radialmente

J
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descentradas y la rosca puede ser perfecta en toda su
longitud o puede tener una porcién imperfecta. Esa modalidad
se muestra en las figuras 1 y 2.

En otra modalidad de 1la presente invencién,
mostrada en las figuras 4 y 5, las porciones roscadas 7 y 8
pueden tener respectivamente extremos con una rosca
imperfecta. Esas dos porciones B y 9 tienen 1la misma
conicidad, con valores comprendidos entre 6.25 y 12.5 %. Este
intervalo resulta ser ¢ptimo debido a que, por una parte,
valores menores involucrarian roscas demasiado largas y un
acoplamiento dificil, y por otra parte, valores mayores
involucrarian un ntmero reducido de dientes y por lo tanto
una capacidad de soporte insuficiente de la rosca.

En el Area de conexién entre la parte roscada y
la * superficie interna del tubo, lejos de la Jjunta, el
elemento hembra estd provisto de un area 12” que tiene una
superficie de forma cénica, con respecto al eje del tubo. La
conicidad de esta superficie se encuentra comprendida entre
12.5 % vy 25 % a fin de asegurar una hermeticidad buena con la
superficie de contacto, correspondiente, del elemento macho,
reduciendo asi el tiempo de deslizamiento durante el paso de
enroscado.

Este intervalo resultd ser 6ptimo con respecto
al wvalor de conicidad de la rosca y pudo reducir 1la

influencia negativa de las cargas de traccién. En el 4rea de
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conexitn entre las dos porciones roscadas 8, 9, el elemento
hembra estd provisto de un saliente 5” que queda
substancialmente sobre un plano perpendicular con respecto al
eje de la junta, cuya 4rea no es menor que el 25 $ del Area
de la seccibén del tubo.

Entre el saliente 5" y el principio de la parte
roscada B8 se proporciona una cavidad 15 que se extiende a lo
largo de toda la circunferencia interna del elemento hembra
2. La cavidad asegura un tanque de expansiédn para la grasa
usada para lubricar la junta, que esti presente en las dos
porciones roscadas 8, 9 y es arrastrada por el empuje
generado por el deslizamiento de los elementos 1 y 2 durante
el enroscado. Esa solucién limita el desarrocllo de una
presidén excesiva de la grasa, causada por la presencia de un
obturador metdalico doble en los extremos de la junta, con un
esfuerzo reducido subsiguiente de la junta.

En su extremo el elemento hembra 2 estéd
provisto de una superficie esférica 13” que, al hacer
contacto con una area cdOnica 13' con la que queda confrontado
después de que se enrosca con el elemento macho 1, asegura la
hermeticidad de la junta contra la presidn externa.

El perfil del diente de la rosca es del tipo
“gancho”, c¢con un flanco de carga 10 gue tiene un éangulo «
negativo, con valores comprendidos entre 0 y -10° y un flanco

de entrada 11 que tiene un é&ngqulo B positivo con valores
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comprendidos entre 10 y 30°. Estos intervalos de valores
tienen ventajas notables que mantienen una facil instalacién
de la junta. Un flanco de carga con Angulo negativo permite
un acoplamiento eficiente de los dos elementos de la junta y
reduce el peligro de un posible retiro de la junta debido a
cargas de tracciédn demasiado altas. Un flanco de entrada con
un Aangulo positivo pero no demasiado grande, permite una
cooperacién eficiente de la rosca, a la resistencia contra
las cargas de compresién.

En el area de la superficie externa cercana a
la porcibén roscada del elemento hembra, el elementoc macho 1
estd provisto de una rosca colocada en una forma
perfectamente reciproca, que tiene porciones de forma
exactamente andloga con respecto a la porcién roscada del
elemento hembra.

El elemento 1 estd provisto de dos porciones
roscadas 6, 7 separadas por un saliente 5’ y por una cavidad
circunferencial 14, entre el saliente 5’ y el comienzo de la
porcibén roscada 7. La presencia de las dos cavidades 14 y 15
para la expansidédn de la grasa, permite limitar el incremento
de presiétn de la grasa después del enroscado de la junta,
evitando asi un esfuerzo excesivo en la junta y mejor&ndo su
funcionalidad.

El &rea de conexién entre la superficie externa

del elemento 1 y el conienzo de la porciédn roscada 7 tiene

°

\
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una superficie de forma cbnica 13’ con una conicidad
comprendida entre 12.5 y 25 %. Esta superficie ejerce presién
contra la superficie 13” después del enroscado de la junta, y
las dimensiones y tolerancias se seleccionan de manera tal
que el contacto entre metal y metal garantice la hermeticidad
necesaria para evitar la entrada del liquido o fluido que se
encuentra bajo presién afuera de la junta.

En forma analoga, en su extremo, el elemento
macho 1 tiene una superficie esférica 12' que, después del
enroscado con el elemento hembra 2, ejerce presidn contra la
superficie cbnica 12’ del elemento hembra. También, en esta
segunda area Se genera una presién por el contacto metal-
metal entre 1los dos elementos, la cual asegura la
hermeticidad necesaria contra la presién del fluido que se
encuentra dentro del tubo. La seleccién de dos areas en los
extremos de la junta, en donde se proporcionan obturadores
metilicos que tienen, en forma respectiva, superficies
esférica y cébnica correspondientes, de conformidad con 1la
invencién, hace que la junta sea menos sensible a las cargas
de presidén y da por resultado que sea 6ptima para tuboes
delgados. En efecto, considerando la delgadez de los extremos
provistos de 1las superficies obturadoras 12’ vy 13’7, la
presién, respectivamente interna o externa al tubo, que actia
en los extremos mencionados anteriormente, causa fécilmente

su flexién. Por lo tanto, una superficie obturadora esférica

fe
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puede mantener un contacto 6ptﬁmo, a diferencia de un
ocbturador en forma de cono truncado, que, en este caso,
debido a la rotacién impuesta por la flexién del extremo, no
guarda el contacto sobre toda la parte obturadora.

La forma de la rosca del elemento macho 1 es la
misma que la que se menciondé anteriormente para el elemento
hembra 2. Ventajosamente, la rosca tiene un perfil perfecto.

En la otra modalidad de conformidad con la
presente invencién, y mostrada en las figquras 4 y 5, un
extremo de una o dos de ambas porciones roscadas 6, 7 del
elemento macho, por ejemplo el area 6’ cerca del salliente 57,
puede tener una rosca con un perfil imperfecto. La parte
correspondiente 8 del elemento hembra sobre el lado del
saliente 5” que queda frente al &area 6% tiene una rosca
perfecta. El Area B' en el extremo de la porcidn roscada B8
opuesta axialmente al &area 6', es decir la que se encuentra
cerca a la superficie obturadora 12”, tiene también una rosca
con un perfil imperfecto. Sin embargo, esta area puede estar
provista también de una rosca perfecta.

El mismo tipo de procedimiento puede aplicarse
también a las porciones roscadas 7 y 9, en donde la porcién 7
esté provista de una rosca perfecta sobre el lado del
saliente 5', y la parte 9 esté provista de un Aarea 9’ que
tenga una rosca imperfecta sobre el lado del saliente 5”. En

combinacién o en forma alternativa a esta modalidad, la parte

!
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7 puede estar provista también de un 4rea 7’ que tenga una
rosca imperfecta sobre el lado de la superficie obturadora
13’ y la parte 9 puede estar provista de una rosca perfecta
sobre el lado de la superficie obturadora 13”.

A partir de lo mencionado anteriormente esta
claro que las ventajas de la junta de conformidad con la
presente invenciébn, que, aunque tienen dimensiones
diametrales diferentes a las del tipo ™“semi- alojadoc” de la
técnica anterior, y Unicamente ligeramente mayores que las
del tipo “alojado”, asegura un funcionamiento y eficiencia de

trabajo 6ptimos.
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REIVINDICACIONES

1. La junta roscada integral para tubos, que
comprende un elemento macho (1) provisto sobre su superficie
externa de dos porciones roscadas en forma de cono truncado,
radialmente separadas (6, 7), las dos porciones (6, 7) estan
divididas por un primer saliente anular (5’) que queda sobre
un plano ortogonal con respecto al eje del tubo, y un
elemento hembra (2} provisto sobre su superficie interna de
dos porciones roscadas con forma de <cono truncado,
radialmente separadas (8, 9), las dos porciones estan
divididas por un sequndo saliente anular (5”) que queda sobre
un plano ortogonal al eje del tubo, cada uno de los elementos
macho (1) y hembra (2) estd provisto de dos superficies
obturadoras (127, 13’, 127, 13”) colocadas respectivamente en
cada extremo axial las cuales estdn opuestas a las porciones
roscadas (6, 7, B8, 9) correspondientes, las dos porciones
roscadas correspondientes (6, 7, B, 9) estan adaptadas para
enroscarse en forma mutua y reversible, una dentro de 1la
otra, a fin de producir un contacto entre los dos salientes
anulares (5', 5”), caracterizada porque las dos porciones
roscadas respectivamente (6, 7, 8, 9) de cada elemento macho
(1) y elemento hembra (2) que tiene el mismo valor de
conicidad y en que una primera de las dos superficies

obturadoras respectivas (12', 13’, 12”7, 13”) del elemento



10

15

20

25

’ #x

macho y elemento hembra tiene una forma cénica y una segunda
tiene una forma esférica.

2. La junta de conformidad con la
reivindicacién 1, caracterizada porque al menos uno de
elemento macho (1) y elemento hembra (2) comprende, a 1lo
largo de toda su superficie, la cavidad circunferencial (14,
15), colocada entre una de las dos porciones roscadas y el
saliente anular correspondiente (5’, 5"), la cavidad (14, 15)
estd adaptada para recibir 1la expansién de la grasa
lubricante de la junta.

3. La junta de conformidad con la
reivindicacién 2, caracterizada porque cada uno de elemento
macho (1) y elemento hembra (2) comprende, a lo largo de toda
su superficie, la cavidad circunferencial (14, 15), colocada
entre una de las dos porciones roscadas y el saliente anular
correspondiente (5', 5”).

4, La junta de conformidad con la
reivindicacién 3, caracterizada porque la dimensién (D’) del
didmetro externo (3) del elemento hembra (2) en la junta, es
mayor que la dimensidén (D”) del diametro externo (4) del
mismo elemento hembra (2) de un valor igual o menor que 3 %.

5. La junta de conformidad con la
reivindicacién 4, caracterizada porque las dos porciones
roscadas correspondientes (6, 7, 8, 9) de los elementos macho

{1} y hembra (2) tienen, cada una, el mismo valor de
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conicidad, comprendido entre 6.25 y 12.5 %.

6. La junta de conformidad con la
reivindicacidén 5, caracterizada porque 1las superficies
obturadoras, cénicas, correspondientes (13’, 12”) de 1los
elementos macho (1) y hembra (2) tienen un valor de conicidad
comprendido entre 12.5 % y 25 §.

7. La junta de confornmidad con la
reivindicacién 6, caracterizada porque el perfil del diente
de la rosca tiene un flanco de carga (10) con un angulo (a)
negativo y un flancc de conexién (11) con un dangulo (B8)
positivo.

8. La junta de conformidad con la
reivindicacién 7, caracterizada porque el angulo (o) negativo
tiene un valor comprendido entre 0 y -10° y el &angulo (p)
positivo tiene un valor comprendido entre 10 y 30°.

9. La junta de conformidad con la
reivindicacién 8, caracterizada porque las dos porciones
roscadas correspondientes (6, 7, B8, 9) de cada uno de los
elementos macho (1) y hembra (2) estd provista de una rosca
perfecta en toda su longitud.

10. La junta de conformidad con la
reivindicacién 8, caracterizada porque al menos una de las
dos porciones roscadas (6, 7, 8, 9) de al menos uno de los
elementos macho (1} o hembra (2) esta provista de un primer

extremo (6’, 7’) con una rosca imperfecta.
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11. La junta de conformidad con la
reivindicacién 10, caracterizada porgque la porcién roscada
correspondiente, del otro de al menos uno de los elementos
macho (1) y hembra (2) estid provista también de una segunda
drea (8', 9’) que tiene una rosca imperfecta colocada en el

extremo axialmente opuesto con respecto al primer extremo.
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RESUMEN DE LA INVENCION

La presente invencién se refiere a una junta
roscada integral para tubos, formada por un elementec macho
(1) y un elemento hembra (2) colocados respectivamente scbre
la superficie externa, y sobre la superficie interna, de dos
partes con forma de cono truncado, de la rosca (6, 7, 8, 9),
que tienen el mismo valor de conicidad y que estin separadas
radialmente, ambas divididas respectivamente por salientes
anulares (5, 5’) que son paralelos y ortogonales con respecto
al eje del tubo. Estan provistos de dos superficies
obturadoras (12, 12’, 13, 13’), una de los cuales tiene una
forma cbnica y la otra una forma esférica. Después de
enroscar los dos elementos (1, 2) los dos sallentes anulares
(5,7 5') quedan en contacto. Cada elemento macho (1) y hembra
(2) comprende, respectivamente a lo largo de su superficie
externa e interna, una cavidad circunferencial (14, 15)
colocada entre una parte de la rosca y el saliente anular (5,

5’) a fin de permitir la expansién de la grasa lubricante.
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REIVINDICACIONES

l. La junta roscada integral para tubos, que
comprende un elemento macho (1) provisto socbre su superficie
externa de dos porciones roscadas en forma de cono truncado,
radiflmente separadas (6, 7) con diente de perfil
trapezoidal, las dos porciones (6, 7) estdn divididas por un
primer saliente anular (5') que gqueda sobre un plano
ortogonal con respecto al eje del tubo, y un elemento hembra
(2) provisto sobre su superficie interna de dos porciones
roscadas con forma de cono truncado, radialmente separadas
(8, 9), las dos porciones estan divididas por un segundo
saliente anular (5”) que queda sobre un plano ortogonal al
eje del tubo, las dos porciones roscadas (6, 7, 8, 9) tienen
el mismo valor de conicidad y estdn adaptadas para enroscarse
en forma mutua y reversible, una dentro de la otra, a fin de
producir un contacto entre los dos salientes anulares (57,
5”) en una posicidén ensamblada, cada uno de los elementos
macho (1) y hembra (2) estd provisto de dos superficies
obturadoras (12’, 13’, 127, 13”) el primer saliente anular
(5') y el segundo saliente anular (5”) tienen la forma de un
anulo y quedan sobre un plano en su totalidad, sin présentar
elevacién alguna desde el plano, y las superficies
obturadoras (12’, 137, 127, 137) estan colocadas

respectivamente en cada extremo axial de las porciones

HOJAS ENMENDADAS-IPER
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roscadas (6, 7, B, 9) de cada elemento macho (l) y elemento
hembra (2), caracterizada porque una primera de 1las dos
superficies obturadoras respectivas (12', 13*, 12", 13")
tiene una forma cénica, y una segunda de esas superficies
tiene una forma esférica, y las superficies del primer y
sequndo salientes anulares (5, 5”) son iguales o mayores al
25 % del &4drea de la seccidén de las paredes del tubo, y al
menos uno de los elemento macho (1) y hembra (2) comprende, a
lo largo de toda su superficie, una cavidad circunferencial
(14, 15) entre una de las dos partes roscadas y el saliente
anular correspondiente (5’, 5”), la al menos una cavidad (14,
15) estd adaptada para recibir la expansién de la grasa
lubricante de la junta.

2. La junta de conformidad con la
reivindicacién 1, caracterizada porque ambos elementos macho
(1) vy hembra (2) comprenden, a lo largo de toda su
superficie, la cavidad circunferencial (14, 135), colocada
entre una de las dos porciones roscadas y el saliente anular
correspondiente (5', 5”).

3. La junta de conformidad con la
reivindicacién 2, caracterizada porque la dimensidén (D') del
didmetro externo (3) del elemento hembra (2) en la juhta, es
mayor que la dimensién (D”) del diémetro externo (4) del
mismo elemento hembra (2) de un valor igual o menor que 3 %.

4. La junta de conformidad con la
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reivindicacién 3, caracterizada porque 1las dos porciones
roscadas correspondientes (6, 7, B, 9) de los elementos macho
(1) y hembra (2) tienen, cada una, el mismo valor de
conicidad, comprendido entre 6.25 y 12.5 &.

5. La junta de conformidad con la
reivindicacién 4, caracterizada porque las superficies
obturadoras, codonicas, correspondientes (13, 127”) de los
elementos macho (1) y hembra (2) tienen un valor de conicidad
comprendido entre 12.5 & y 25 %.

6. La junta de conformidad con la
reivindicacién 5, caracterizada porque el perfil del diente
de la rosca tiene un flanco de carga (10) con un angulo (&)
negativo y un flanco de conexiétn (11) con un Aangulo (P)
positivo.

7. La junta de conformidad con la
reivindicacién 6, caracterizada porque el &ngulo (o) negativo
tiene un valor comprendido entre 0 y -10° y el &ngulo (B)
positivo tiene un valor comprendido entre 10 y 30°.

B. La junta de conformidad con la
reivindicacién 7, caracterizada porque 1las dos porciones
roscadas correspondientes (6, 7, 8, 9) de cada unc de los
elementos macho (1) y hembra (2) esta provista de una rosca
perfecta en toda su longitud.

9. La junta de conformidad con la

reivindicaciébn 7, caracterizada porque al menos una de las
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dos porciones roscadas {6, 7, 8, 9) de al menos uno de los
elementos macho (1) o hembra (2) esta provista de un primer
extremo {6, 7') con una rosca imperfecta.

10. La junta de conformidad con la
reivindicacién 9, caracterizada porque la porcién roscada
correspondiente, del otro de al menos uno de los elementos
macho (1) y hembra (2) esta provista también de una segunda
adrea (8', 9') que tiene una rosca imperfecta colocada en el

extremo axialmente opuesto con respecto al primer extremo.
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