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(57) Abréegée/Abstract:

In a threaded joint for steel pipes comprising a pin (1) and a box (2), each having a threaded portion (11 or 21), a sealing surface
(13 or 23), and a shoulder surface (14, 15 or 24, 25), the sealing surface (13) of the pin (1) Is formed by a tapered surface, and the
sealing surface (23) of the box (2) Is formed by a first curved surface portion with a large radius of curvature in the range of 15 - 120
mm, a tapered surface portion, and a second curved surface portion with a large radius of curvature again in the range of 15 - 120

mm.
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(57) Abstract: In a threaded joint for steel pipes comprising a pin (1) and a box (2), each having a threaded portion (11 or 21), a
sealing surface (13 or 23), and a shoulder surface (14, 15 or 24, 25), the sealing surface (13) of the pin (1) 1s formed by a tapered
surface, and the sealing surface (23) of the box (2) 1s formed by a first curved surface portion with a large radius of curvature in

o the range of 15 - 120 mm, a tapered surtace portion, and a second curved surface portion with a large radius of curvature again in
the range of 15 - 120 mm.



10

15

20

235

CA 02739711 2013-01-17

Threaded Joint for Steel Pipes with Specific Sealing Surface

Technical Field

This invention generally relates to a threaded joint used for connecting steel
pipes such as oil country tubular goods (OCTG) including tubing and casing used for
the exploration and production of crude oil and natural gas, riser pipes, and line pipes.
More particularly, the present invention relates to a threaded joint for steel pipes having

a threaded portion, a sealing surface, and a shoulder surface and having excellent

pressure-resistant sealing performance.

Background Art

Threaded joints for steel pipes, which are widely used for connecting steel pipes
used 1n equipment of the oil-producing industries such as oil country tubular goods and
riser pipes, are constituted by a pin, which is an element with male or external threads
provided on the end of a first tubular member, and a box, which is an element with
temale or internal threads provided on the end of a second tubular member. Connection
of a threaded joint is carried out by threadingly engaging the male threads and the
female threads, which are both tapered threads.

Typically, the first tubular member is a pipe such as a steel pipe for use in oil
country tubular goods and the second tubular member is a different member in the form
of a coupling. This type of threaded joint for steel pipes is referred to as a coupling
type. In a coupling-type joint, a pin is formed on both ends of the pipe, and a box is
formed on both sides of the coupling. There are also integral threaded joints for steel
pipes in which a pin is formed on the outer surface on one end of a pipe and a box is
formed on the inner surface of the other end of the pipe. In this case, the first tubular
member 1s a first pipe, and the second tubular member is a second pipe, and the two
pipes are connected without a coupling.

Oil country tubular goods are usually connected to each other using standard

threaded joints prescribed by API (American Petroleum Institute) standards.
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However, in recent years, as the environments in which excavation and production
of crude o1l and natural gas are carried out have become increasingly severe, special
high-performance threaded joints referred to as premium joints are increasingly
being used.

In a premium joint, both the pin and the box have, in addition to tapered
threads which make it possible to fasten the pin and the box, a sealing surface
provided on a peripheral surface in the vicinity of the threads and a shoulder surface
which acts as a stopper during connection of the joint. Radial interference is
provided between the sealing surfaces of the pin and the box. When the joint is
tightened until the shoulder surfaces of the pin and the box abut each other, the

sealing surfaces of both members intimately contact each other around the entire

‘periphery of the joint so as to form a seal by metal-to-metal contact. The shoulder

surfaces not only functions as stoppers at the time of tightening but also bear a
compressive load acting on the joint.

Figures 7(A) and 7(B) show schematic explanatory views of a typical
premium threaded joint for steel pipes of the coupling type in which Figure 7(B) is
an overall view and Figure 7(A) is an enlarged view of a portion of the joint. As
shown 1n Figures 7(A) and 7(B), this type of threaded joint for steel pipes has a pin
1 which 1s a male threaded element provided on the end portion of a pipe and a box
2 which 1s a corresponding female threaded element provided on both sides of a
coupling. On 1ts outer surface, the pin 1 has tapered male threads 11 and an
unthreaded cylindrical tip portion referred to as a lip (referred to below as a lip
portion) 12 adjacent to the male threads 11. The lip portion 12 has a sealing surface
13 on 1ts outer periphery and a shoulder surface 14 on its end surface. The sealing
surface 13 1s a tapered surface (frustoconical surface) which gradually decreases in
diameter towards the tip of the pin.

Correspondingly, the box 2 has, on its inner surface, tapered female threads
21, a sealing surface 23, and a shoulder surface 24 which can threadingly engage
with or contact or abut against the tapered male threads 11, the metal sealing
surface 13, and the shoulder surface 14, respectively, of the pin 1. As shown in the

figure, a lip portion having a shoulder surface on its end surface is in most cases
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provided at the tip of the pin. A gap 31 between the pin and the box is formed at
the end of the lip portion adjacent to the male threads for the purpose of collecting a
liquid or semisolid lubricant which was applied to the surfaces of the pin and/or
box 1n order to prevent galling and seeped out from the applied surface during
tightening (make-up) of the joint due to intimate contact of the threads and the
sealing surfaces of the pin and the box.

Formerly vertical wells were dominant. In such wells, a threaded joint for
steel pipes had sufficient performance if it could withstand the tensile load of the
weight of pipes connected to it and if it could prevent leakage of high pressure fluid
passing through its interior. However, in recent years, as wells have become
deeper, as sloping wells or horizontal wells having a well bore which is curved
underground have increased in number, and as development of wells in severe
environments such as in the deep sea or in polar regions has increased, a strong
demand has developed for an increase in resistance to compression and
improvements 1n sealing performance of threaded joints for steel pipes, parﬁcularly
under internal and external pressures.

In order to improve the resistance to compression and sealing performance
of a premium threaded joint under internal and external pressures, patent document
WO 2004/109133 (hereinafter referred to as Patent Document 1) proposes a
threaded joint for steel pipes which, as shown in Figure 2, has an extended lip
portion including a nose portion 16 between the sealing surface 13 and the shoulder
surface 14 at the end of a pin 1. The nose portion 16 of the pin 1 provides a non-
contacting region 18 in which the opposing surfaces of the pin 1 and the box 2 do
not contact each other. On the other hand, the sealing surfaces 13 and 23 and the
shoulder surfaces 14 and 24 of the pin and the box contact each other. By
elongating the lip portion of the pin 1 so as to form a nose portion 16 having a non-
contacting region 18 with a cylindrical outer surface which does not contact the box
between the end surface and the sealing surface 13 of the pin, the wall thickness of
the lip portion and accordingly the wall thickness of the shoulder surface and the
sealing surface can be increased within the constraints of a limited pipe wall
thickness, and the resistance to compression of a threaded joint for steel pipes and

its ability to form a seal which is resistant to internal and external pressure can be
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It is disclosed in Patent Document 1 that as shown in Figure 4, the sealing
surface of a box may be of the shape having a combination of a toroidal surface (R)
(a surface formed by rotating an arc about the center of the joint axis) on the side of
the sealing surface closer to the threaded portion and a tapered surface (TA) (a
surface formed by rotating a straight line abouf the center of the joint axis) on the
side of the sealing surface closer to the shoulder, while the sealing surface of a pin
1s formed from a tapered surface preferably with the same slope as the tapered
surface TA of the box. This shape can increase the stability of contact pressure of
the sealing surfaces of the pin and the box under a variety of operating conditions.

Figure 5 is a schematic view showing different shapes of the sealing surface
of a box which contacts a tapered shape of the sealing surface of a pin. Figure 5(A)
shows an example in which the sealing surface of a box is constituted solely by a
tapered surface (TA), Figure 5(B) shows an example in which it is constituted
solely by a curved surface (R), and Figure 5(C) shows an example in which it is
constituted by a combination of a tapered surface (TA) and a curved surface (R). In
each case, the pin is constituted solely by a tapered surface. '

As shown 1n Figure 5(A), when the box is a tapered sealing surface (TA) as
In the sealing surface of the pin, contact between the sealing surfaces of the pin and
the box 1s concentrated at the border 51 thereof cloéest to the threads. As shown in
Figure 5(B), when the sealing surface of the box is a curved surface (R) and the that
of the pin 1s a tapered surface, the area of contact between the sealing surfaces of
the pin and the box decreases, and the stability of contact may worsen. As shown in
Figure 5(C), when the sealing surface of the box is a combined surface constituted
by a tapered surface (TA) and a curved surface (R) and that of the pin is a tapered
surface, as described in Patent Document 1, the stability of contact can be increased

under a variety of conditions of use.

Summary of the Invention
The threaded joint for steel pipes proposed in Patent Document 1 in which
the sealing surface of a box 1s made a combination of a toroidal surface closer to the

threaded portion and a tapered surface closer to the shoulder normally exhibits
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adequate seéling performance even when a tensile or compressive load is applied
while internal or external pressure is being applied to the threaded joint.

However, under severe test conditions for sealing performance as specified
In ISO 13679 in which a tensile and compressive load and an internal pressure and
external pressure of a magnitude such that the pipe body undergoes plastic
deformation over its entire surface are repeatedly applied, the present inventors
found that even a threaded joint as just described can develop microgalling on its
sealing surfaces. Such severe sealing test conditions were established in light of the
conditions of use of oil country tubular goods, which have been becoming
increasingly severe in recent years. Accordingly, even with the above-described
threaded joint for steel pipes, microgalling may develop under some conditions, and
in the worst case, sealing performance is impaired. .

The object of the present invention is to solve the problem of microgalling
which can develop in the sealing surfaces of a threaded joint for steel pipes.

The present inventors performed investigations of the shape of the sealing
surfaces of the threaded joint for steel pipes on the basis of the shape described in
Patent Document 1, and they obtained the following findings by analysis using the
finite element method (FEM) and by sealing tests.

(1) In a severe sealing test as set forth in ISO 13679, for example, in which
a tensile and compressive load or an internal and external pressure of a magnitude
such that a pipe body undergoes plastic deformation over its entire surface are
repeatedly applied many times, the sealing surfaces slide in the axial direction back
and forth with a minute amplitude during the test. As a result, when the peak
contact pressure 1s large such as when there is a large amount of interference, the
sealing surfaces become roughened and develop microgalling due to this minute
back-and-forth sliding.

(2) This microgalling occurs most easily on the shoulder (or rear) side of the
sealing surfaces of the box. This is because due to external pressure, the threaded
portion of the pin undergoes a decrease in diameter and threaded engagement of the
threads of the pin and the box becomes loose, and as a result, the amplitude of the
above-described back-and-forth sliding increases. In addition, under a load due to

external pressure, due to a reaction to the decrease in diameter of the threaded
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portion of the pin, the tip of the lip of the pin conversely undergoes an increase in
diameter (as seen in a longitudinal cross section, deformation occurs such that the
tip of the lip bends outwards). Therefore, the region of primary contact between the
sealing surfaces of the pin and the box shifts from the thread side towards the
shoulder side.

‘ Figure 6 1s a schematic view showing the locations of contact between the
sealing surfaces of a pin and a box. More specifically it shows the locations of
contact of the sealing surface 13 of a pin and the sealing surface 23 of a box. The
sealing surface 23 of the box is distinguished from adjoining regions by border 51 -
and border 56. The sealing surfaces normally contact each other in a region closer
to the threaded portion at the time of make-up as schematically shown by contact
pressure distribution region 61. However, if an external pressure is applied, contact
takes place in a region closer to the shoulders as schematically shown by contact
pressure distribution region 62.

Based on the above-described findings, the present inventors confirmed that
the occurrence of microgalling in a severe sealing test can be prevented by
providing the sealing surface of a box with a large radius of curvature on the rear
(shoulder) side thereof, in addition to a large radius of curvature on the opposite
side closer to the threaded portion. This is thought to be because contact of the
sealing surfaces of the pin and the box in which an end portion of the shoulder side
of the sealing surface of the box has a large radius of curvature prevents the peak
contact pressure from becoming large in this end portion, as experienced when this
end portion has a small radius of curvature (a radius of curvature R of 1 mm to 6
mm, for example.

A threaded joint for steel pipes according to the present invention comprises
a pin and a box in which the pin has male threads and a lip portion having a sealing
surface and a shoulder surface and the box has female threads, a sealing surface,
and a shoulder surface, at the time of make-up, the male threads threadingly
engaging with the female threads, the sealing surface of the pin sealingly contacting
the corresponding sealing surface of the box, and the shoulder surface of the pin
abutting the shoulder surface of the box, characterized in that the sealing surface of

the pin 1s a tapered surface and the sealing surface of the box comprises, in the
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direction from the female threads towards the shoulder surface, a first curved
surface portion with a large radius of curvature, a tapered surface, and a second
curved surface portion with a large radius of curvature.

The first curved surface portion with a large radius of curvature may
comprise a plurality of curved surfaces. Similarly, the second curved surface
portion with a large radius of curvature may comprise a plurality of curved surfaces.

The term “sealing surface” used herein refers to a region including an
unthreaded portion where a pin and a box intimately contact each other so as to
form a gas-tight, metal-to-metal contact seal. The expression “sealingly contacting”
indicates performing such intimate contact between the sealing surfaces of the pin
and the box. In each of the pin and the box, the sealing surface is distinguished
from adjoining regions by a point where the slope 1s discontinuous or by a curve
having a small radius of curvature (at most 6 mm).

By a curved surface with a large radius of curvature 1s meant a surface
having a radius of curvature R of from 15 mm to 120 mm. As long as a sealing
surface of a threaded joint, which 1s the main part designed by the present invention
and which normally has a length of 2.5 - 8 mm, 1s concerned, 1f the first or second
curved surface portion has a radius of curvature R exceeding 120 mm, the shape of
the curved surface approaches that of a tapered surface (a surface having straight
line cross section in the axial direction of the threaded joint) so that this portion of
the sealing surface can no longer function as a curved surface (a surface having a
curved line cross section in the axial direction of the threaded joint) in the limited
length of the sealing surface. If the radius of curvature R of the first or second
curved surface portion 1s smaller than 15 mm, the contact pressure applied to this
curved portion in the sealing surface becomes high, and the contact stability of the
sealing surface 1s impaired.

A curved surface with a large radius of curvature 1s a surface produced by
rotating a curve (an arc of a circle, an arc of an ellipse, a parabola, or the like)

having the above-described large radius of curvature about the axis of the threaded

joint (Joint axis), which is in alignment with the axis of a steel pipe connected by

the threaded joint. As stated before, each of the first and second curved surtace

portions may be formed from a combination of a plurality of curved surfaces each
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having a large radius of curvature.

A tapered surface is a surface produced by rotating a straight line which is
sloped with respect to the joint axis about the joint axis.

A threaded joint for steel pipes according to the present invention functions
more effectively when the angle of slope of the sealing surfaces of the pin and the
box 1s from 5 to 25 degrees with respect to the joint axis. The angle of slope of the
sealing surface means the slope with respect to the joint axis of the tapered surfaces
in the sealing surfaces of the pin and the box, namely, the tapered surface portion in
the sealing surface of the box and the tapered sealing surface of the pin.

Preferably a threaded joint for steel pipes according to the present invention
has a structure of a pin in which the shoulder surface of the pin is disposed on the
end surface of the pin, the sealing surface of the pin is positioned in the vicinity of
the end of male threads in the side closer to the end surface of the pin, and a nose
portion which does not contact the opposing portion of the box is provided between
the sealing surface and the shoulder surface of the pin. Such a threaded joint can
exhibit improved performance with respect to resistance to compression and ‘
resistance to a combined load such as compression or tension combined with
external pressure.

It 1s also preferable in a threaded joint for steel pipes according to the present
invention that the shoulder surface of the pin comprise two distinct adjoining
surfaces, main shoulder surface on the radially inner side and sub-shoulder surface
on the radially outer side, and the corresponding shoulder surface of the box
opposing the shoulder surface of the pin comprise two distinct adjoining surfaces,
main shoulder surface on the radially inner side and sub-shoulder surface on the
radially outer side, the main shoulder surfaces of the pin and box being disposed so
as to prevent a radially inward deformation of the lip end portion, the sub-shoulder
surfaces of pin and box being disposed so as to limit a radially outward deformation
of the lip end portion, the main shoulder surface of the pin having a greater radial
dimension than the sub-shoulder surface of the pin, and at least the main shoulder

surface of the pin being in axial abutment with the corresponding or opposing main

shoulder surface of the box.
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In a threaded joint for steel pipes according to the present invention, the
sealing surface of the box is formed by a first and second curved surface portions
both with a large radius of curvature and a tapered surface between these two
curved surface portions. As a result, when a tensile load and a compressive load
and an internal and external pressure of a magnitude causing plastic deformation
over the entire surface of the pipe body are repeatedly applied, the occurrence of
microgalling in the sealing surfaces of the pin and the box can be reduced.

In addition, by providing a threaded joint for steel pipes with a sealing
surface of the above-described structure having a nose portion which does not
contact the opposing portion of a box between the sealing surface and the shoulder
surface of a pin or having a main and a sub-shoulder surface in which the main
shoulder surface 1s provided so as to prevent radially inward deformation of the end
portion of the lip of the pin and the sub-shoulder surface is provided so as to limit
radially outward deformation of the end portion of the lip, it is possible to improve
the resistance to compression and the overall sealing performance under a

combined load comprising compression and external pressure or tension and

external pressure.

Brief Explanation of the Drawings

Figures 1(A) and 1(B) show schematic cross-sectional views of a threaded
joint for steel pipes according to the present invention in which Figure 1(A) is a
partial view of the vicinity of the lip portion of a pin and Figure 1(B) is an overall
view showing the pin and a box.

Figure 2 1s a schematic cross-sectional view showing the vicinity of the lip
portion of the pin of a threaded joint for steel pipes described in Patent Document
1.

Figures 3(A) to 3(D) show schematic views of a sealing surface of a box in a
threaded joint for steel, in which Figures 3(A) and 3(B) show a sealing surface
according to the present invention comprising a first curved surface portion with a
large radius of curvature (RA), a tapered surface portion (TA), and a second curved
surface portion with a large radius of curvature (RB), Figure 3(C) shows a sealing

surface according to the present invention having a structure comprising a third
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curved surface portion with a large radius of curvature (RC), a first curved surface
portion with a large radius of curvature (RA), a tapered surface portion (TA), and a
second curved surface portion with a large radius of curvature (RB), and Figure
3(D) shows a sealing surface in a comparative threaded joint comprising a curved
surface portion with a large radius of curvature (RA) and a tapered surface portion
(TA).

Figure 4 1s a schematic view showing one examplé of the sealing surfaces of
a pin and a box of a threaded joint for steel pipes described in Patent Document 1
and comprising a curved surface portion with a large radius of curvature (R) and a
tapered surtace portion (TA) as in Figure 3(D).

Figures 5(A) to 5(C) show schematic views explaining the shapes of the
sealing surfaces of a box and a pin. Figure 5(A) is an example in which the box has
a tapered surface (TA) and a pin has a tapered surface (TA), Figure 5(B) 1s an
example 1n which a box has a curved surface (RA) and a pin has a tapered surface
(TA), and Figure 5(C) 1s an example in which a box has a combined surface
comprising a tapered surface (TA) and a curved surface (RA), while a pin has a
tapered surface (TA).

Figure 6 1s a schematic view showing the contact portions of a sealing

surface.
Figure 7 shows schematic cross-sectional views of a typical conventional
premium joint for o1l country tubular goods of the coupling type, Figure 7(A) being

a partial view showing only one side of the joint and Figure 7(B) being an overall

View.

Modes for Carrying Out the Invention

A threaded joint for steel pipes according to the present invention will be
explained while referring to the drawings.

Figures 1(A) and 1(B) show schematic cross-sectional views of a threaded
joint for steel pipes according to the present invention. Figure 1(A) is a partial view
showing the vicinity of the lip portion of a pin and Figure 1(B) is an overall view
showing the pin and a box. This threaded joint is of the premium threaded joint

type and 1s constituted by a pin 1 and a box 2 each having tapered threads and an
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unthreaded sealing surface. Figure 1(B) shows an example of tapered threads.

The pin 1 comprises a threaded portion having male threads 11 and a lip
portion 12 having a sealing surface 13 positioned closer to the end of the pipe than
the threaded portion. The end surface of the tip of the lip portion forms a shoulder
surface. As shown in the drawings, the sealing surface 13 of the pin 1 is normally
positioned on the side of the lip portion 12 which is adjacent to or in the vicinity of
the threaded portion 11.

The box 2 has a threaded portion having female threads 21 which
threadingly engage with the male threads 11 of the pin 1, a sealing surface 23 which
contacts the sealing surface 13 of the pin 1 so as to form an intimate seal (a metal-
to-metal seal), and a shoulder surface which abuts against the shoulder surface of
the pin in the axial direction of the joint.

A portion of the male threads adjacent to the lip portion 12 may be a non-
engaging or incomplete thread which does not mesh with the female thread 21 of
the box 2.

The lip portion 12 of the pin 1 of the threaded joint for steel pipes shown in
Figure 1 which has a mean thickness 41 is elongated so that it has a nose portion 16
between the sealing surface 13 and the end of the pin 1. The nose portion forms a
non-contacting region 18 in which the pin does not contact the opposing surface of
the box for a certain axial length. Therefore, the lip portion is longer compared to
the typical premium joint shown in Figure 7.

The main part of the non-contacting region 18 of each of the pin and the box
may be formed either by a tapered surface (with a diameter decreasing toward the
tip of the pin) as shown in Figure 1(A) or cylindrical surface with a uniform
diameter as shown in Figure 2. The radial clearance in the main part of the non-
contacting region between the pin and the box is preferably constant along its
length.

As 1llustrated, the nose portion 16 having an axial length 45 includes the
non-contacting region having an axial length 48 and a shoulder portion having an
axial length 49 (in the illustrated embodiment, the axial length 49 is of a sub-
shoulder portion 15 as described below), while the lip portion 12 includes the

sealing surface 13 and the nose portion 16. The axial length 45 of the nose portion
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16 of the pin 1 1s around 4 - 22 mm for a pipe of the size used 1n o1l country tubular
goods having an outer diameter of approximately 50 - 550 mm. The axial length of
the non-contacting portion 48 in the nose portion 16 of the pin 1 preferably
comprises about 45 - 90 % of the axial length of the nose portion 45.

The greater are the thicknesses of the sealing surface and the nose portion of
the lip portion, the greater is their ability to seal against external pressure, so when a
chamfer 17 1s formed on the inner surface of the end of the lip portion in order to
prevent turbulence by increasing circularity, the angle of the chamfer 17 with
respect to the joint axis 1s preferably a rather small angle in the range from 9 to 30
degrees. A chamfer with a shallow angle may similarly be provided on the inner
surface of the box 2 adjoining the pin 1, as depicted in Figure 2.

In this example, the shoulder surface at the end of the pin 1 has a two-step
contour comprising a main shoulder surface portion 14 on the radially inner side of
the joint and a sub-shoulder surface portion 15 on the radially outer side of the
joint. The main shoulder surface portion 14 of the pin 1 1s a reverse shoulder
surface having a negative angle 24 with respect to a plane perpendicular to the joint
axis. On the other hand, the sub-shoulder surface portion 15 has a positive angle 43
with respect to a plane perpendicular to the joint axis. The main shoulder portion
14 has a radial dimension 46 (thickness projected on a plane perpendicular to the
joint axis) which 1s larger than the radial dimension 47 of the sub-shoulder surface
15.

Correspondingly, the shoulder surface of the box 2 has a two-step contour
comprising a thicker main shoulder surface portion 24 on the radially inner side of
the joint and a thinner sub-shoulder surface portion 25 on the radially outer side of
the joint. Preferably, the junction between the main shoulder surface portion 14
and the sub-shoulder surface portion 15 of the pin 1 forms a rounded apex having a
radius of at most 1.5 mm and the box 2 has a corresponding rounded recess
between the main shoulder portion 24 and the sub-shoulder portion 25.

The reverse angle 42 of the main shoulder surfaces 14 and 24 is such that the
absolute value (in actuality it 1s a negative angle) of the slope 42 of the main
shoulder surface 14 of the pin 1 with respect to a plane perpendicular to the joint

axis 1s preferably 5 to 25 degrees and more preferably 8 to 20 degrees.
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The slope 43 of the sub-shoulder surfaces 15 and 25 with respect to the joint
axis is preferably 5 to 30 degrees (namely, the slope with respect to a direction
perpendicular to the joint axis is at least +60 degrees and at most +85 degrees), and
more preferably it 1s larger than the slope 44 of the sealing surfaces.

The sub-shoulder surfaces 15 and 25 are normally designed so as not to
contact each other during a normal made-up state. The sub-shoulder surfaces are
intended to contact each other when a high compressive load is applied to the
threaded joint or when an excessive tightening torque 1s applied in order to suppress
outwards deformation of the lip portion. However, the sub-shoulder surfaces 15
and 25 may be designed so as to contact each other during a normal made-up state

as long as the pertormance of the sealing surfaces 13 and 23 is not adversely
attected.

In an embodiment of a threaded joint having a shoulder surface with the
above-described two-step contour, the axial length 45 of the nose portion 16 of the
pin 1 1s substantially equal to the sum of the axial length 48 of the non-contacting
region 18 and the axial length 49 of the sub-shoulder surface portion 15 which is
also normally non-contacting with the opposing surface of the box.

With a threaded joint of the embodiment shown in Figures 1(A) and 1(B), by
providing a nose portion 16 having a non-contacting region 18 in a position closer
to the end of the pin than the sealing surface 13 and by providing the shape the
shoulder surface at the end of the pin with a two-step contour including a main
shoulder surface portion 14 and a sub-shoulder surface portion 15, unstable
deformation of the lip portion is suppressed, excellent resistance to compression 1s
obtained, and the overall sealing performance under a repeated combined load is
greatly improved.

In a threaded joint for steel pipes according to the present invention, the
sealing surface of a pin is a tapered surface, while the sealing surface of a box
comprises, in the direction from the female threads toward the shoulder portion, a
first curved surface portion with a large radius of curvature, a tapered surface
portion, and a second curved surface portion with a large radius of curvature.
Namely, the first curved surface portion is located closer to the female threads and

the second curved surface portion is located closer to the shoulder portion.
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As mentioned previously, a surface with a large radius of curvature has a
radius of curvature R of 15 - 120 mm. A surface with a large radius of curvature is
produced by rotating a curved line having the above-described large curvature (a
circular arc, an elliptical arc, a parabola, or the like) about the joint axis. A plurality
of these curved surface portions may be combined in a surface with a large radius

of curvature.

A tapered surface is formed by rotating a straight line which is sloped with
respect to the joint axis about the joint axis.

Figure 3(A) to 3(D) show schematic views of a sealing surface of a box of a
threaded joint. Figures 3(A) to 3(C) show examples of a box sealing surface
according to the present invention. Figure 3(A) shows a sealing surface having a
first curved surface portion with a large radius of curvature (RA), a tapered surface
portioﬁ (TA), and a second curved surface portion with a large radius of curvature
(RB). Similarly, Figure 3(B) shows a sealing surface having a first curved surface
portion with a large radius of curvature (RA), a tapered surface portion (TA), and a
second curved surface portion with a large radius of curvature (RB), but the length
of at least one of the first and second curved surface portion and the tapered surface
portion is different from that of the sealing surface shown in Figure 1(A). Figure
3(C) shows a sealing surface having a third curved surface with a large radius of
curvature (RC) 1s added before a first curved surface portion with a large radius of
curvature (RA) followed by a tapered surface portion (TA) and a second curved
surface portion with a large radius of curvature (RB). Figure 3(D) shows a
comparative example of a box sealing surface having only a first curved surface
portion with a large radius of curvature (RA) and a tapered surface portion (TA), as
described in Patent Document 1 and shown in Figure 4.

The sealing surface 23 is distinguished from adjoining regions by a point
where the slope changes discontinuously or by a curve having a small radius of
curvature R (at most 6 mm). In Figures 3(A) - 3(D), the sealing surface 23 has
borders 51 and 56 on both ends having small radii of curvature Rx and Ry (both at
most 6 mm), respectively. In Figure 3(A), the range or the axial length of the
sealing surface i1s shown by reference number 58. As mentioned before, the axial

length of the sealing surface is approximately 2.5 - 8 mm with a pipe of the size
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used in o1l country tubular goods (having an outer diameter of approximately 50 -
550 mm).

Figure 3(A) is obtained by adding a second curved surface portion with a
large radius of curvature 55 (RB) to the comparative example of a sealing surface
23 shown 1n Figure 3(D), which comprises a first curved surface portion with a
large radius of curvature 53 (RA) and a tapered surface portion 54 (TA). By
providing a second curved surface portion with a large radius of curvature 55 (RB)
on the side of the tapered surface portion closer to the shoulder portion, the problem
of microgalling can be reduced. The radius of curvature and the axial length of the
second curved surface portion (RB) may be the same as or different from those of
the first curved surface portion (RA) as long as they are both a large radius of
curvature. Preferably, the radius of curvature of the first curved surface portion
(RA) 1s larger than that of the second curved surface portion (RB).

Figure 3(B) 1s an example which 1s the same as the example of Figure 3(A)
except that the proportion of the lengths of a surface with a large radius of
curvature 53 (RA) and a tapered surface portion 54 (TA) is varied. The proportion
of the length of the tapered surface portion 54 is preferably about 0.1 - 0.6 and more
preferably about 0.1 - 0.45, and most preferably about 0.1 - 0.3 of the whole length
of the sealing surface. Thus, the axial length of the tapered portion 54 is preferably
at least 0.5 mm and more preferably at least 1 mm.

In Figure 3(C), a third curved surface portion with a large radius of curvature
52 (RC) 1s provided between the first curved surface with a large radius of
curvature 53 (RA) and the border 51 (Rx) of Figure 3(A). The large radius of
curvature RC of surface 52 is preferably smaller than the large radius of curvature
RA of surface 53. As aresult, the sealing surfaces of the pin and the box do not
contact each other at the border 51 which has a small radius of curvature Rx, and
the contact pressure 1n this area can be decreased. As a result, more stable contact
between the sealing surfaces can be achieved.

The angle of slope (angle of inclination) of the tapered surface portion (TA)
in the sealing surface of the box is preferably the same as that of the tapered surface
which solely constitutes the sealing surface of the pin, although a small difference

within 5 degrees can be allowed between the angles of slope of the pin and the box.
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As mentioned before, the angle of slope of the tapered surface portion in a
sealing surface of a box according to the present invention and that of the tapered
surface of the pin is preferably 5 - 25 degrees and more preferably 8 - 20 degrees in
order to ensure that the sealing surfaces achieve their sealing function effectively.
[f this angle is too steep (too large), the sealing contact pressure at the time of
application of a tensile load decreases, while if it is too shallow (too small), galling
can easily take place due to an increase in the distance of sliding.

The above explanation pertains primarily to the threaded joint for steel pipes
shown in Figure 1 having a tapered non-contacting region and shoulder surfaces
with two-step contour, but the structure of the sealing surfaces 13, 23 of the pin and
the box according to the present invention is also effective with a threaded joint for
steel pipes having a nose portion like that shown in Figure 2 having a cylindrical
non-contacting region and generally vertical shoulder surfaces. It can also be

applied to the sealing surfaces 13, 23 of a typical premium joint as shown in Figure
7.

Examples

In order to 1llustrate the effects of the present invention, a Series A test
specified by ISO 13679 was carried out on a threaded joint for casing measuring 9-
5/8 inch in diameter and weighing 53.5 pounds per foot (outer diameter of 244.48
mm and wall thickness of 13.84 mm). A pin was formed on the exterior at both
ends of a steel pipe and a box was formed on the interior at both sides of a
coupling. The threaded joint subjected to this test which was made of L80 steel
(carbon steel) specified by API (American Petroleum Institute) standards had the
basic shape of a threaded joint for oil country tubular goods of the coupling type
shown in Figure 7 except for the shape of its lip portion, which was an extended lip
having a shape as shown in Figure 1(A) or Figure 2 including a sealing surface, a
shoulder surface and a non-contacting region between the sealing surface and the
shoulder surface for each of the pin and the box. The angle of slope of the tapered
surface (portion) in the sealing surfaces of the pin and the box was 14 degrées.
T'wo threaded joints (A) and (B) in which the shape of the sealing surface of the

box 1s different from each other were provided for a gas tightness test.
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In one threaded joint (A) which was an example according to the present
invention, the pin had a lip portion of the shape shown in Figure 1(A) including a
tapered sealing surface, a tapered non-contacting region, and a shoulder surface
with two-step contour having a main shoulder surface portion and a sub-shoulder
surface portion. The axial length 45 of the pin lip portion was 15 mm, and the axial
length 49 of the sub-shoulder surface portion was 3.99 mm. The reverse angle 42
of the main shoulder surface portion was 15 degrees and the angle of slope 43 of
the sub-shoulder surface portion with respect to the joint axis was 20 degrees. The
angle of chamfer 17 with respect to the joint axis was 15 degrees. The box which
had the shape shown in Figure 1(A) had a sealing surface of the shapé shown 1n
Figure 3(A) in which beginning from the side closest to the female threads, it had a
curved surface with a large radius of curvature 53 with a radius R60 (for an axial
length of 1.75 mm), a tapered surface portion 54 (for an axial length of 1.0 mm),
and a curved surface with a large radius of curvature 55 with a radius R25 (for an
axial length of 1.0 mm). R60 and R25 indicate that the radius of curvatures are 60
mm and 25 mm, respectively. The angle of slope of the tapered surface portion In
the sealing surface of the box was 14 degrees as in the tapered sealing surface of the
pin.

In the other threaded joint (B), the pin had a lip portion of the shape shown
in Figure 2 including a tapered sealing surface and a cylindrical non-contacting
region. The axial length of the lip portion was 15 mm. The corresponding box had
a sealing surface of the shape shown in Figure 3(D) having a curved surface with a
large radius of curvature 53 with a radius R60 (for an axial length of 1.75 mm) and
a tapered surface portion 54 (for an axial length of 1.75 mm). The angle of slope of
the tapered surface portion in the sealing surface of the box was 14 degrees as in the
tapered sealing surface of the pin.

When these two threaded joints were subjected to the severe Series A test
specified by ISO 13679 according to which combined load of tension, compression,
and 1nternal and external pressure was repeatedly applied, no microgalling occurred
in threaded joint (A) according to the present invention. With this threaded joint,
no leaks were observed, the sealing surfaces after this gas tightness test were

smooth, and surface roughening or the like was not observed.
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In contrast, in threaded joint (B) as described in Patent Document 1, the
occurrence of microgalling was observed, and as a result, leak was also found.
The above explanation 1s of specific modes of the present invention, but this

explanation i1s merely an example, and the present invention is not limited to these

modes.
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What is claimed:

1. A threaded joint for steel pipes comprising a pin and a box in which the pin
has male threads and a lip portion having a sealing surface and a shoulder surface, and
the box has female threads, a sealing surface, and a shoulder surface, wherein at the time
of make-up, the male threads engage with the female threads, the sealing surface of the
pin sealingly contacts the sealing surface of the box, and the shoulder surface of the pin
abuts the shoulder surface of the box,

wherein the sealing surface of the pin is constituted solely by a tapered surface
portion, and

the sealing surface of the box comprises a first curved surface with a radius of
curvature of 15 mm to 120 mm and a second curved surface with a radius of curvature ot
15 mm to 120 mm, in the direction from the female threads towards the shoulder surtace,

and a tapered surface disposed between the first curved surface and the second curved

surface.

2. A threaded joint for steel pipes as set forth in claim 1 wherein the first curved

surface portion comprises a plurality of curved surtaces.

3. A threaded joint for steel pipes as set forth in claim 1 or claim 2 wherein the

second curved surface portion comprises a plurality of curved surfaces.

4. A threaded joint for steel pipes as set forth in any one of claims 1 - 3 wherein
the angle of slope of the tapered surface portion of the pin and the tapered surface of the

sealing surface of the box with respect to a joint axis is 5 - 25 degrees.

5. A threaded joint for steel pipes as set forth in any one of claims 1 - 4 wherein
the shoulder surface of the pin is disposed on an end surface of the pin, the sealing
surface of the pin is disposed in the vicinity of the male threads between the male threads
and an end of the pipe, and a non-contacting region in which the pin and the box do not

contact each other is disposed in each of the pin and the box at a position between the

sealing surface and the shoulder surface.
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6. A threaded joint for steel pipes as set forth in claim 5 wherein the shoulder
surface of each of the pin and box includes two distinct adjoining surfaces constituted by
a main shoulder surface on a radially inner side and a sub-shoulder surface on a radially
outer side, the main shoulder surfaces of the pin and the box being disposed so as to
prevent radially inward deformation of the end portion of the lip, the sub-shoulder
surfaces of the pin and the box being disposed so as to limit radially outward
deformation of the end portion of the lip, the radial dimension of the main shoulder
surface of the pin being larger than that of the sub-shoulder surface of the pin, and at

least the main shoulder surface of the pin abutting the main shoulder surface of the box

in the axial direction upon making-up.
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