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DESCRIPTION

TITLE
THREADED JOINT FOR PIPES

TECHNICAL FIELD
[0001] This disclosure relates to a threaded joint for pipes.

BACKGROUND
[0002] Threaded joints for pipes are widely used to connect steel pipes which
are used in oil industrial facilities such as oil country tubular goods (OCTG).
[0003] FIG. 1 schematically illustrates an example of the structure of a typical
threaded joint for pipes. The threaded joint for pipes 100 includes a pin 110
provided with a male thread portion 111, which is a male tapered thread, at one
end of a first pipe, and a box 120 provided with a female thread portion 121,
which is a female tapered thread to be screwed with the male thread portion, at
one end of a second pipe.
[0004] An unthreaded portion 112, which is a portion without thread, is
provided at the tip of the pin 110, that is, on the tip side farther than the male
thread portion 111. The unthreaded portion 112 includes a seal portion 113
and a shoulder portion 114 almost perpendicular to the pipe axis. On the other
hand, the box 120 is provided with an unthreaded portion 122 on a position
nearer the center side in the pipe axis direction than the female thread portion
121, that is, on the side opposite to the end. The unthreaded 122 also includes
a seal portion 123 and a shoulder portion 124 almost perpendicular to the pipe
axis. When the pin 110 and the box 120 are tightened, the unthreaded portion
112 of the pin 110 and the unthreaded portion 122 of the box 120 contact with
each other to form a metal-metal contacting seal, as illustrated in FIG 1.
[0005] FIG. 2 schematically illustrates the shape of a thread groove 200 of the
female thread portion 121 formed in the box 120 in the typical threaded joint
for pipes. In FIG. 2, the upper side is the thread bottom side, and the thread
groove 200 has a substantially trapezoidal shape with a straight thread bottom
portion 210 parallel to the taper of the female thread. The thread groove 200
includes a linear load flank 220 on the left side of FIG. 2, that is, on the rear
side in the insertion direction of the pin 100. The thread groove 200 also
includes a linear stabbing flank 230 on the right side of FIG. 2, that is, on the
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front side in the insertion direction of the pin 100. Further, the thread groove
200 includes a corner portion 240 on the load flank side and a corner portion
250 on the stabbing flank side on the thread bottom side, and the corner portion
240 on the load flank side and the corner portion 250 on the stabbing flank side
are each composed of one arc.

[0006] Such a threaded joint for pipes is required to have various properties
such as tensile resistance, compression resistance, bending resistance, and
sealing properties. The excavation and production environments are
becoming more and more severe, especially in recent years, because wells for
drilling crude oil and natural gas are deepened, and the number of horizontal
wells and inclined wells is increasing in addition to conventional vertical wells.
Therefore, the threaded joint for pipes is required not to fracture even in such
harsh environments.

[0007] The fracture of a threaded joint starts from a crack in a thread groove
of the box. Especially when a tensile load is applied to the threaded joint,
stress is concentrated in the corner portion on the load flank side of a first
thread groove, which is a thread groove farthest from the end of the box, so
that it is necessary to suppress the occurrence of crack in the first thread groove
to prevent the fracture of the threaded joint.

[0008] WO/2015/111117 (PTL 1) proposes that the tensile efficiency (TE), the
height t of the female thread of the box, and the curvature radius p of the arc
forming the corner portion on the load flank side of the first thread groove be
controlled to satisfy the relationship specified by a specific mathematical

formula, to prevent the fracture of a threaded joint for pipes.

CITATION LIST
Patent Literature
[0009] PTL 1: WO/2015/111117

SUMMARY
(Technical Problem)
[0010] However, the conventional technology as proposed in PTL 1 has the
following problems.
[0011] The tensile efficiency TE, which is one of the parameters used in PTL
1, is a value defined as a ratio of the cross section at a first thread position of

the box with respect to the cross section at a raw pipe portion of the pin. As
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the tensile efficiency increases, it means that the limit tensile properties of the
joint increase. Therefore, increasing the outer diameter of the box and
increasing the tensile efficiency can improve the limit tensile properties of the
joint. As used herein, the raw pipe portion refers to a portion without thread
in a pipe.
[0012] However, from the viewpoint of reducing costs of oil well excavation,
it is required to reduce mining during well excavation, so that it is necessary
to reduce the outer diameter of the box. Therefore, the fracture should be
prevented without increasing the tensile efficiency to meet the requirements of
both fracture prevention and cost reduction.
[0013] On the other, PTL 1 controls the tensile efficiency TE, the height t of
the female thread of the box, and the curvature radius p of the arc forming the
corner portion on the load flank side of the first thread groove to satisfy the
relationship in the following formula.

TE (%) > 2.25 x t/p + 99.9
[0014] As can be seen from the above formula, increasing the curvature radius
p can reduce the tensile efficiency TE. In practice, however, it is necessary
to increase the height t of the female thread of the box to increase the curvature
radius p, so that increasing of the outer diameter of the box cannot be avoided.
When the height t of the female thread is increased, the time required for
cutting the thread increases, which decreases the productivity of the threaded
joint.
[0015] Further, when the curvature radius p is increased, the arc of the corner
portion on the load flank side and the arc of the corner portion on the stabbing
flank side interfere with each other, so that the p cannot be increased too much.
It is particularly difficult to increase the p in a pipe with a small diameter
because such a pipe usually has a thread shape with small thread width. As a
result, increasing of the tensile efficiency cannot be avoided to prevent the
fracture.
[0016] As described above, the conventional technology cannot solve the two
conflicting problems of fracture prevention and cost reduction.
[0017] It could thus be helpful to provide a technique of preventing the
fracture of a box under tensile load without increasing the outer diameter of
the box.
(Solution to Problem)

[0018] To solve the problem, we conducted finite element analysis (FEA) to
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examine the effect of the axial cross-sectional shape of a thread groove
provided in a box. As a result, we found that, by further providing another
arc at a corner portion on the load flank side of the thread bottom that has
conventionally been composed of a single arc and setting the curvature radius
of the added arc larger than that of the single arc, stress concentration on the
corner portion can be alleviated, and stress can be distributed over the entire
thread bottom. The following describes an example of the analysis results,
referring to FIGS. 3 and 4.

[0019] FIG. 3 is a contour diagram illustrating the distribution of plastic strain
in the vicinity of the first thread groove in a conventional thread groove shape,
as determined by FEA. The member located on the upper side of the figure is
a box, the member located on the lower side is a pin, and the thread groove on
the right side of the two thread grooves illustrated in the figure is the first
thread groove. Each thread groove provided in the box is a trapezoidal thread
with a straight thread bottom portion parallel to the taper of the female thread.
The side surfaces of the thread groove include a stabbing flank surface (right
side in the figure) and a load flank surface (left side in the figure), and when a
tensile load is applied in the pipe axial direction, the load is applied on the
load flank surface. The thread groove has a corner portion on the load flank
side and a corner portion on the stabbing flank side on the thread bottom side,
and the corner portion on the load flank side and the corner portion on the
stabbing flank side are each composed of one arc.

[0020] As can be seen from FIG. 3, plastic strain is concentrated at the corner
portions of the first thread groove in a conventional thread groove shape, with
the greatest plastic strain at the corner portion on the load flank side.

[0021] On the other hand, FIG. 4 is a contour diagram illustrating the
distribution of plastic strain when another arc is further provided at the corner
portion on the load flank side of the thread groove illustrated in FIG. 3. The
curvature radius of the added second arc is set to 11.5 times the curvature
radius of the first arc. The thread groove shape illustrated in FIG. 4
corresponds to the thread groove shape in the first embodiment of the present
disclosure, which will be described later.

[0022] From the results illustrated in FIG. 4, it is understood that, unlike the
case of FIG. 3, the concentration of plastic strain in the corner portions of the
thread bottom is alleviated, and the plastic strain is distributed over the entire

bottom of the thread groove.
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[0023] As described above, by further providing another arc at a corner portion
on the load flank side of the thread bottom that has conventionally been
composed of a single arc and setting the curvature radius of the added arc larger
than that of the single arc, stress concentration on the corner portion can be
alleviated, and stress can be distributed over the entire thread bottom. As a
result, occurrence of crack due to plastic deformation and fracture of a box
caused by the crack can be prevented. Note that FIGS. 3 and 4 illustrate the
distribution of plastic strain rather than the distribution of stress. This is
because, in a portion where stress above a certain level is applied, the stress is
relieved by plastic deformation, resulting in an apparently reduced stress. To
assess the risk of occurrence of crack in practice, it is more appropriate to use
plastic strain than using stress itself.

[0024] In the FEA, a threaded joint with the above-described structure is first
subjected to analysis simulating screw tightening, and then the FEA was further
carried out under conditions of applying a combined load of
tension/compression and internal pressure/external pressure in accordance with
ISO 13679: 2002 Test Series A.

[0025] The present disclosure is based on the above finding and has the
following primary features.

[0026] 1. A threaded joint for pipes, comprising

a pin provided with a male thread portion, which is a male tapered
thread, at one end of a first pipe, and

a box provided with a female thread portion, which is a female tapered
thread to be screwed with the male thread portion, at one end of a second pipe,
wherein

the female thread portion has a plurality of thread grooves,

each of the plurality of thread grooves has a corner portion on a load
flank side and a corner portion on a stabbing flank side on a thread bottom
side,

a corner portion on a load flank side of a first thread groove, which is
the thread groove farthest from an end of the box among the plurality of thread
grooves, comprises a first arc portion that is directly connected to a load flank
and has a first curvature radius, and a second arc portion that is directly or
indirectly connected to the first arc portion and has a second curvature radius,
and

a ratio of curvature radius, which is a ratio of the second curvature
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radius to the first curvature radius, is 3 or more.

[0027] 2. The threaded joint for pipes according to 1., wherein the second arc
portion is directly connected to the first arc portion.

[0028] 3. The threaded joint for pipes according to 1., wherein the second arc
portion is connected to the first arc portion via a straight portion.

[0029] 4. The threaded joint for pipes according to any one of 1. to 3., wherein
the corner portion on the load flank side of the first thread groove further
comprises a third arc portion directly or indirectly connected to the second arc
portion.

[0030] 5. The threaded joint for pipes according to any one of 1. to 4., wherein
the first thread groove has a straight thread bottom portion parallel to a taper
of the female thread portion.

(Advantageous Effect)

[0031] According to the present disclosure, it is possible to prevent fracture
of a box under a tensile load without increasing the outer diameter of the box.
The threaded joint for pipes of the present disclosure can be suitably used to
connect oil well pipes used for oil and gas exploration and production, line

pipes used for transporting oil and gas, and the like.

BRIEF DESCRIPTION OF THE DRAWINGS
[0032] In the accompanying drawings:

FIG. 1 schematically illustrates an example of the structure of a typical
threaded joint for pipes;

FIG. 2 schematically illustrates the shape of a thread groove of a female
thread portion formed in a box in a typical threaded joint for pipes;

FIG. 3 is a contour diagram illustrating the distribution of plastic strain
in the vicinity of a first thread groove in a conventional thread groove shape,
as determined by FEA;

FIG. 4 is a contour diagram illustrating the distribution of plastic strain
in the vicinity of a first thread groove in the thread groove shape in one
embodiment of the present disclosure, as determined by FEA;

FIG. 5 schematically illustrates the cross section of an example of the
structure of a coupling-type threaded joint;

FIG. 6 schematically illustrates the cross section of an example of the
structure of an integral-type threaded joint;

FIG. 7 schematically illustrates the shape of a first thread groove in a
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first embodiment;

FIG. 8 schematically illustrates the shape of a first thread groove in a
second embodiment;

FIG. 9 schematically illustrates the shape of a first thread groove in a
third embodiment; and

FIG. 10 schematically illustrates the shape of a first thread groove in a

fourth embodiment.

DETAILED DESCRIPTION
[0033] The following provides details of a method of carrying out the present
disclosure. The following description merely presents examples of preferred
embodiments of the present disclosure, and the present disclosure is not limited
to these embodiments. In the following description, the terms “load flank”
and “stabbing flank” are used in the usual sense of the technical field. In
other words, the “load flank” refers to a straight flank on the side on which a
load is applied by the tensile force in the pipe axial direction, and the “stabbing
flank” refers to a straight flank on the opposite side of the load flank. In the
present specification, the shape of a thread groove refers to the shape of a
thread groove when it is formed, that is, before the pin and the box are
tightened.
[0034] A threaded joint for pipes in one embodiment of the present disclosure
(hereinafter, may be simply referred to as “threaded joint”) includes a pin
provided with a male thread portion, which is a male tapered thread, at one end
of a first pipe, and a box provided with a female thread portion, which is a
female tapered thread to be screwed with the male thread portion, at one end
of a second pipe. The female thread portion of the box has a plurality of
thread grooves, and the thread groove farthest from the end of the box among
the plurality of thread grooves is defined as a “first thread groove”. However,
in those thread grooves, only a thread groove that substantially engages with a
thread on the pin side is considered as a thread groove when determining the
first thread groove.
[0035] Each of the plurality of thread grooves has a corner portion on a load
flank side and a corner portion on a stabbing flank side on the thread bottom
side. The corner portion on the load flank side of the first thread groove
includes at least two arc portions.
[0036] [Ratio of curvature radius]
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Of the two arc portions provided in the corner portion on the load flank
side of the first thread groove, one is a first arc portion that is directly
connected to the load flank and has a first curvature radius, and the other is a
second arc portion that is directly or indirectly connected to the first arc portion
and has a second curvature radius. In the present disclosure, it is important
that a ratio of curvature radius, which is a ratio of the second curvature radius
to the first curvature radius, be 3 or more.

[0037] By providing a second arc portion that satisfies the above conditions,
stress concentration in the corner portion on the load flank side can be
alleviated, and stress can be distributed over the entire thread bottom. As a
result, fracture of the box can be prevented. In contrast, a conventional thread
joint has only one arc in the corner portion on the load flank side, so that it is
necessary to increase the outer diameter of the box to prevent fracture, as
described above.

[0038] As described above, stress mainly concentrates at the corner portions
of the first thread groove. Therefore, when the first thread groove has the
above structure, the above effect can be obtained regardless of the shape of the
other thread grooves. For that reason, the structure of thread grooves other
than the first thread groove is not particularly limited in the present disclosure.
However, it is preferable that all thread grooves in the box meet the above
requirements from the viewpoint of ease of production. In other words, it is
preferable that the corner portion on the load flank side of all thread grooves
of the box include a first arc portion that is directly connected to the load flank
and has a first curvature radius and a second arc portion that is directly or
indirectly connected to the first arc portion and has a second curvature radius,
and that a ratio of curvature radius, which is a ratio of the second curvature
radius to the first curvature radius, be 3 or more.

[0039] The upper limit of the ratio of curvature radius is not limited.
However, when the ratio of curvature radius exceeds 15, the effect of
alleviating stress saturates. Therefore, the ratio of curvature radius may be
15 or less. Further, it is preferable that the first arc portion and the second
arc portion be smoothly connected so that the connecting portion has a common
tangent line. It is more preferable that each arc portion and straight portion
of the corner portion on the load flank side be smoothly connected to an
adjacent arc portion or straight portion so that the connecting portion has a

common tangent line.
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[0040] (Curvature radius)

The curvature radius of each of the first and second arc portions is not
particularly limited and may be any value. The curvature radius of the first
arc portion may be, for example, 0.008 to 0.025 inches. On the other hand,
the curvature radius of the second arc portion may be, for example, 0.030 to
0.200 inches.

[0041] (Angle 6)

The angle 6 of the first arc portion is not particularly limited.
However, when the angle 6 of the first arc portion is 50 ° or more, the second
arc portion does not need to be excessively large, so that the need to increase
the size of the thread groove can be further reduced. Therefore, the angle 0
of the first arc portion is preferably 50 © or more. On the other hand, when
the angle 0 of the first arc portion is 75 © or less, it is possible to prevent the
first arc portion from extending to a position where stress is likely to
concentrate, so that the effect of dispersing stress can be further enhanced.
Therefore, the angle 0 of the first arc portion is preferably 75 © or less. As
used herein, the “angle 0 of the first arc portion” is defined as an angle between
a straight line “a” parallel to the pipe axis and the radius “r” at the end of the
first arc portion on the opposite side of the load flank (see FIGS. 7 to 10).
[0042] The flank angles of the plurality of thread grooves are not particularly
limited and may be any angle. For example, the angle of the stabbing flank
is preferably +5 to +40 degrees with respective to a straight line perpendicular
to the pipe axis. The angle of the load flank is preferably —10 to 0 degrees
with respective to a straight line perpendicular to the pipe axis. The flank
angle is defined as positive when the flank surface is inclined toward the thread
and negative when it is inclined toward the opposite side of the thread, with
respect to a straight line perpendicular to the pipe axis.
[0043] The depth of the thread groove is not particularly limited, but it is
preferably between 0.03 and 0.10 inches. The number of threads per inch is
preferably 4 to 10. Therefore, the thread pitch, which is the distance between
threads, is preferably 0.1 to 0.25 inches. The thread width, which is the width
of the thread at the middle height of the thread, is preferably 0.4 to 0.6 times
the thread pitch.
[0044] (Unthreaded portion)

The pin preferably includes a portion without thread (hereafter,

referred to as “unthreaded portion”) at the most tip, that is, on the tip side



10

15

20

25

30

35

- 10 -

farther than the male thread portion. The box preferably includes an
unthreaded portion on a position nearer the center side in the pipe axis direction
than the female thread portion, that is, on the side opposite to the end. When
the pin and the box are tightened, the unthreaded portion of the pin and the
unthreaded portion of the box contact with each other to form a metal-metal
contacting seal.

[0045] [Type of joint]

The threaded joint of the present disclosure may have any structure if
the above conditions are satisfied. For example, the threaded joint of the
present disclosure may be either a coupling-type threaded joint or an integral-
type threaded joint.

[0046] FIG. 5 schematically illustrates the structure of a coupling-type
threaded joint for pipes 1 of one embodiment of the present disclosure. A
coupling-type threaded joint for pipes is a threaded joint that connects two
pipes using a coupling as a box, which is also called thread-and-coupling
(T&C) type.

[0047] The coupling-type threaded joint for pipes 1 includes a pin 10 and a
box (coupling) 20. The pin 10 has a structure where a male thread portion 11,
which is a male tapered thread, is provided at the end of a pipe, and the box 20
has a structure where a female thread portion 21, which is a female tapered
thread to be screwed with the male thread portionl1 of the pin 10, is provided
at both ends of a pipe.

[0048] The pin 10 preferably includes an unthreaded portion 12 at the most
tip, that is, on the tip side farther than the male thread portion 11, as illustrated
in FIG. 5. Further, the box 20 preferably includes an unthreaded portion 22
on a position nearer the center side in the pipe axis direction than the female
thread portion 21, that is, on the side opposite to the end. When the pin 10
and the box 20 are tightened, the unthreaded portion of the pin 10 and the
unthreaded portion of the box 20 contact with each other to form a metal-metal
contacting seal.

[0049] The unthreaded portion preferably includes a seal portion and a
shoulder portion as illustrated in FIG. 5. For example, the unthreaded portion
12 of the pin 10 may include a seal portion 13 and a shoulder portion 14 located
on the tip side farther than the seal portion 13. Further, the unthreaded
portion 22 of the box 20 may include a seal portion 23 and a shoulder portion

24 located nearer the center side than the seal portion 23. The shoulder
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portion 14 of the pin 10 may be perpendicular to the pipe axis, or it may be
inclined toward the pin side with respect to a straight line perpendicular to the
pipe axis. The angle between the shoulder portion 14 of the pin 10 and a
straight line perpendicular to the pipe axis is preferably 0 to 30 degrees.
[0050] The shape of the seal portion of the pin and the shape of the seal portion
of the box are not particularly limited, but they may be, for example, a
combination of the following.

- Box side: tapered, pin side: tapered

- Box side: tapered, pin side: convex curved

- Box side: convex curve, pin side: tapered

- Box side: concave curve, pin side: convex curve
[0051] On the other hand, FIG. 6 schematically illustrates the structure of an
integral-type threaded joint for pipes 1 in another embodiment of the present
disclosure. In the integral-type threaded joint for pipes 1, two pipes are
directly connected without using a coupling. That it, the pin 10 has a
structure where a male thread portion 11, which is a male tapered thread, is
provided at one end of a first pipe, and the box 20 has a structure where a
female thread portion 21, which is a female tapered thread to be screwed with
the male thread portion 11 of the pin 10, is provided at one end of a second
pipe.
[0052] The pin 10 preferably includes an unthreaded portion 12 at the most
tip, that is, on the tip side farther than the male thread portion 11, as illustrated
in FIG. 6. Further, the pin 10 preferably includes an unthreaded portion 12
on a position nearer the center side in the pipe axis direction than the male
thread portion 11, that is, on the side opposite to the end. The box 20 also
preferably includes an unthreaded portion 22 on a position nearer the center
side in the pipe axis direction than the female thread portion 21, that is, on the
side opposite to the end. Further, the box 20 preferably includes an
unthreaded portion 22 at the most tip, that is, on the tip side farther than the
female thread portion 21. When the pin 10 and the box 20 are tightened, the
unthreaded portion of the pin and the unthreaded portion of the box contact
with each other to form a metal-metal contacting seal.
[0053] The unthreaded portion 12 of the pin 10 preferably include a seal
portion 13, as illustrated in FIG. 6. The unthreaded portion 12 of the pin 10
may also include a shoulder portion 14. The unthreaded portion 22 of the box

20 preferably include a seal portion 23. The unthreaded portion 22 of the box
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20 may also include a shoulder portion 24. The structures of the seal portion
and shoulder portion may be the same as those described for the coupling-type
threaded joint.

[0054] Because FIGS. 5 and 6 are figures schematically explaining types of
the joint, the shapes of the thread groove and the thread are illustrated in a
simplified manner.

[0055] [Material]

The material of the presently disclosed threaded joint is not particularly
limited, and any material may be used. The stress dispersion effect of the
present disclosure is a mechanical effect rather than a chemical effect, which
is obtained by improving the shape of the corner portion of the thread bottom
and is therefore independent of the material. From the viewpoint of the
strength of the joint, it is usually preferable to use metal as the material of the
pin and the box, and it is more preferable to use either steel or a Ni-based alloy.
The steel may be either carbon steel or alloy steel. The material of the pin
and the material of the box may be different, but it is preferable to use the same
material.

[0056] Next, the shape of the thread groove in the threaded joint of the present
disclosure will be described in more detail based on four embodiments. In
each of the following embodiments, it is acceptable that at least the first thread
groove has the structure described below. However, as described above, it is
preferable that all thread grooves of the box have the structure described below
from the viewpoint of ease of production.

[0057] (First embodiment)

FIG. 7 schematically illustrates the shape of a thread groove 2 in a first
embodiment of the present disclosure. In this embodiment, a corner portion
50 on the load flank side on the thread bottom side of the thread groove 2
includes a first arc portion 51 directly connected to a linear load flank 60 and
a second arc portion 52 directly connected to the first arc portion 51. Further,
a ratio of curvature radius (R2/R1), which is a ratio of the curvature radius R2
of the second arc portion 52 to the curvature radius R1 of the first arc portion
51, is 3 or more. In the example illustrated in FIG. 7, the second arc portion
52 extends to a corner portion 70 on the stabbing flank side, and the second
arc portion 52 forms the thread bottom. The corner portion 70 on the stabbing
flank side consists of a single arc, which is directly connected to the straight
stabbing flank 80.
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[0058] (Second embodiment)

FIG. 8 schematically illustrates the shape of a thread groove 2 in a
second embodiment of the present disclosure. In this embodiment, a corner
portion 50 on the load flank side on the thread bottom side of the thread groove
2 includes a first arc portion 51 directly connected to a linear load flank 60 and
a second arc portion 52 connected to the first arc portion 51 via a straight
portion 53. In other words, the load flank 60, the first arc portion 51, the
straight portion 53, and the second arc portion 52 are connected in this order.
The others are the same as in the first embodiment. By providing a straight
portion 53, the stress dispersion effect can be further enhanced. The straight
portion 53 is preferably a common tangent line between the first arc portion 51
and the second arc portion 52.

[0059] The length of the straight portion 53 is not particularly limited, but the
length of the straight portion 53 is preferably 0.010 inches or less from the
viewpoint of avoiding an excessively large thread groove.

[0060] (Third embodiment)

FIG. 9 schematically illustrates the shape of a thread groove 2 in a third
embodiment of the present disclosure. In this embodiment, the thread groove
2 has a straight thread bottom portion 90 parallel to the taper of the female
thread portion. When the bottom of the thread groove is formed by a straight
line like this, it is easy to determine the depth (thread height) of the thread
groove. The straight thread bottom portion 90 may be directly connected to
a corner portion 70 on the stabbing flank side as illustrated in FIG. 9.

[0061] Further, in the embodiment illustrated in FIG. 9, the corner portion 50
on the load flank side includes a third arc portion 54 between the second arc
portion 52 and the straight thread bottom portion 90. By providing a third arc
portion 54 like this, the second arc portion 52 and the straight thread bottom
portion 90 can be smoothly connected via the third arc portion 54. The others
may be the same as in the first and second embodiments. Although the second
arc portion 52 and the third arc portion 54 are directly connected in the
embodiment illustrated in FIG. 9, the second arc portion 52 and the third arc
portion 54 may be connected via a straight portion.

[0062] The curvature radius of the third arc portion 54 is not particularly
limited, but it is preferably larger than the curvature radius of the first arc
portion 51. The curvature radius of the third arc portion 54 may be, for

example, 0.010 inches to 0.200 inches.
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[0063] The straight thread bottom portion 90 may be provided even if there is
no third arc portion 54. In that case, the second arc portion 52 and the straight
thread bottom portion 90 may be directly connected.

[0064] (Fourth embodiment)

FIG. 10 schematically illustrates the shape of a thread groove 2 in a
fourth embodiment of the present disclosure. In this embodiment, the thread
groove 2 has a straight thread bottom portion 90 parallel to the taper of the
female thread portion, as in the third embodiment. Further, a corner portion
50 on the load flank side includes a first arc portion 51 directly connected to a
load flank 60, a second arc portion 52 connected to the first arc portion 51 via
a straight portion 53, and a third arc portion 54 directly connected to the second
arc portion. In other words, the load flank 60, the first arc portion 51, the
straight portion 53, the second arc portion 52, and the third arc portion 54 are
connected in this order. The others may be the same as in the first to third

embodiments.

EXAMPLES

[0065] A steel pipe with outer diameter 9.625 inches x thickness 0.545 inches
(outer diameter 244.48 mm x thickness 13.84 mm) was prepared with a steel
sample corresponding to Category: 13-5-2, Grade: 110 of API 5 CRA, and the
steel pipe was processes to obtain a threaded joint including a pin and a box
corresponding to the pin. The shape of the thread groove of the obtained
threaded joint is as indicated in Table 1. The number of threads per inch was
5 (5 TPI), and the thread height was 0.062 inches (1.575 mm). The stabbing
flank angle was 25 degrees, the load flank angle was -5 degrees, and the thread
taper was 1/16. The tensile efficiency was designed to be 110 % or less to
suppress the outer diameter of the box. As used herein, the shape of the thread
groove refers to the shape before tightening the prepared pin and box.

[0066] Next, an airtightness test was conducted under the conditions
conforming to Connection Application Levels (CAL) IV of API 5C5: 2017, and
the performance of the threaded joint was evaluated. Table 1 lists the test
results. In the airtightness test, a case where the box did not fracture was
evaluated as “pass”, and a case where the box fractured was evaluated as “fail”.
[0067] As indicated in Table 1, in the threaded joint satisfying the
requirements of the present disclosure, the box did not fracture even if the

tensile efficiency was 109 % or less. Particularly in Example No. 3, no
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fracture occurred even when the tensile efficiency was 101 %. On the other
hand, in a comparative example without second arc portion, the box fractured
even if the tensile efficiency was increased to 110 %. Even when a second
arc portion was provided, the box fractured in a comparative example with a
ratio of curvature radius of less than 3, even if the tensile efficiency was
increased to 110 %. To prevent the fracture of a box with the method proposed
in PTL 1, the tensile efficiency should be increased to 116 % under the
conditions of Comparative Example No. 6 and to 111 % under the conditions
of Comparative Example No. 7.

[0068] As can be understood from the results, the present disclosure can
prevent fracture of a box under a tensile load without increasing the outer
diameter of the box. Therefore, the present disclosure can solve the

conflicting problems of fracture prevention and cost reduction.
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REFERENCE SIGNS LIST

[0070] 1
2
10
11
12
13
14
20
21
22
23
24
50
51
52
53
54
60
70
80
90
100
110
111
112
113
114
120
121
122
123
124
200
210
220

threaded joint for pipes
thread groove

pin

male thread portion
unthreaded portion

seal portion

shoulder portion

box

female thread portion
unthreaded portion

seal portion

shoulder portion

corner portion on the load flank side
first arc portion

second arc portion

straight portion

third arc portion

load flank

corner portion on the stabbing flank side
stabbing flank

straight thread bottom portion
threaded joint for pipes

pin

male thread portion
unthreaded portion

seal portion

shoulder portion

box

female thread portion
unthreaded portion

seal portion

shoulder portion

thread groove

straight thread bottom portion
load flank



230
240
250
a
r

the load flank
0
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stabbing flank

corner portion on the load flank side
corner portion on the stabbing flank side
straight line parallel to the pipe axis

radius at the end of the first arc portion on the opposite side of

angle between the straight line “a” and the radius “r”
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CLAIMS

1. A threaded joint for pipes, comprising

a pin provided with a male thread portion, which is a male tapered
thread, at one end of a first pipe, and

a box provided with a female thread portion, which is a female tapered
thread to be screwed with the male thread portion, at one end of a second pipe,
wherein

the female thread portion has a plurality of thread grooves,

each of the plurality of thread grooves has a corner portion on a load
flank side and a corner portion on a stabbing flank side on a thread bottom
side,

a corner portion on a load flank side of a first thread groove, which is
the thread groove farthest from an end of the box among the plurality of thread
grooves, comprises a first arc portion that is directly connected to a load flank
and has a first curvature radius, and a second arc portion that is directly or
indirectly connected to the first arc portion and has a second curvature radius,
and

a ratio of curvature radius, which is a ratio of the second curvature

radius to the first curvature radius, is 3 or more.

2. The threaded joint for pipes according to claim 1, wherein the

second arc portion is directly connected to the first arc portion.

3. The threaded joint for pipes according to claim 1, wherein the

second arc portion is connected to the first arc portion via a straight portion.

4. The threaded joint for pipes according to any one of claims 1
to 3, wherein the corner portion on the load flank side of the first thread groove
further comprises a third arc portion directly or indirectly connected to the

second arc portion.

5. The threaded joint for pipes according to any one of claims 1
to 4, wherein the first thread groove has a straight thread bottom portion

parallel to a taper of the female thread portion.





