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thread 4, and at an outer periphery side sealing portion 9, a cross-sectional area S1 (mm?2) of the pin at a seal point splat a
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50 rue Victoria
50 Victoria Street e Place du Portage 1 ® Gatineau, Quebec

¢ Place du Portage 1 ® Gatineau, (Québec) KI1AOC9 e www.opic.ic.gc.ca

vl

Canada

K1A 0C9 e www.cipo.ic.gc.ca



CA 03031919 2019-01-24

ABSTRACT

A threaded joint for oil well steel pipe superior in
sealing properties and compression resistance is provided.
The threaded joint includes a pin 2 provided with a male thread
4, and abox 3providedwith a female thread 5 threadedly engaged
with the male thread 4, and at an outer periphery side sealing
portion 9, a cross-sectional area Sl Umnﬂ of the pin at a seal
point spl at a predetermined position, and a cross-sectional
area SO (mm’) of a pipe body portion, which is an unprocessed
pin portion 6, satisfy an expression (S1/S0) x 100 = 15(%),
at an inner periphery side sealing portion 10, a
cross-sectional area S2 (mm?) of the box at a seal point sp2
at a predetermined position, and a cross-secticnal area SO’
(mm?) of a pipe body portion, which is an unprocessed box portion
7 satisfy an expression (S2/S0’) x 100 2 20(%), and a surface
area S3 (mm’) of a contact portion 8 of an intermediate shoulder
C between the thread rows A and B and the cross-sectional area

SO0 (mm’) satisfy the expression (S3/S0) x 100 2= 10(%).
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DESCRIPTION

Title of Invention: THREADED JOINT FOR OIL WELL STEEL PIPE

Technical Field
[0001]

The present invention relates to a threaded pipe joint
used for connecting 0il well pipes including tubing and casing
used generally in exploration of o0il wells or gas wells and
in production. That is, the present invention relates to a
threaded pipe joint used for connecting steel pipes such as
0il country tubular goods (OCTG), riser pipes, and line pipes.
The threaded pipe joint of the present invention is superior

in sealing properties and compression resistance.

Background Art
[0002]

Threaded pipe joints are widely used in connecting steel
pipes used in oil-producing industrial installations such as
01l well pipes. For the connection of pipes used in oil or
gas prospecting and production, standard threaded pipe joints
based on the API (American Petroleum Institute) standard are
typically used.

[0003]

Since crude oil wells and natural gas wells have recently
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increased in depth, and horizontal wells and directional wells
are now more common than vertical wells, excavation and
production environments are increasingly under harsh
condition. Furthermore, an increase inwell development under
hostile environments, such as in ocean and polar regions, has
led to diversified performance requirements for threaded pipe
joints, such as compression resistance, bending resistance,
and sealability against external pressure. For such required
performances, high performance and particular threaded pipe
joints which are referred to as premium joints are increasingly
used in recent years.

[0004]

In order to reduce the amount of excavation at the time
of well development, reduction inwidth of thewells is required.
Among the aforesaid premium joints, requirements for an
integral-type threaded pipe joint that directly connects pipes
with no coupling member interposed therebetween are
increasing.

[0005]

The premium Jjoint normally has a tapered thread, a
metal-to-metal seal portion, and a torque shoulder portion at
the end of each pipe. These are components forming each of
a pin that is a male-shaped portion provided at one end of a
pipe and a box that is a female-shaped portion provided at the

other end of the pipe and is screwed or fitted on the male~shaped
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portion. These components are designed such that when a joint
(which means a threaded pipe Jjoint, the same applies
hereinafter) is tightened, female and male components having
the same name face each other.

[000C6]

The tapered thread is important for firmly securing the
joint. The metal-to-metal seal portion ensures seal
properties by bringing the box and the pin into metal-to-metal
contact with each other in the region of the metal-to-metal
seal portion. The torque shoulder portion serves as a shoulder
face that acts as an abutment during the make-up of the joint.

[0007]

In the integral-type threaded pipe joint (hereinafter
also referred to as integral joint), one or two or more
metal-to-metal seal portions are provided in the axial
direction (which means the axial direction of the pipe, the
same applies hereinafter). At least one of themetal-to-metal
seal portions is provided on the outer peripheral surface of
an unthreaded portion (hereinafter referred to as nose)
continuous with the pin-front-end-side thread end of the
tapered thread of the pin, and on the inner peripheral surface
of an unthreaded portion (hereinafter referred to as nose hole)
continuous with the box-back-end-side thread end of the
tapered thread of the box. When make-up the joint, the
metal-to-metal seal portion of the nose and the metal-to-metal

seal portion of the nose hole come into contact with each other
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in the radial directiocn, and this metal-to-metal seal portion
forms a seal surface (referred to as inner radial seal surface
for convenience sake) that prevents fluid inside the pipe from

entering the region of the tapered thread.

[0008]

In some integral joints, in each of the pin and the box,
the region of the tapered thread is divided into two parts in
the axial direction. Of the two parts, the thread row on the
pin-front-end side and the thread row on the box-back-end side
engaged with this are referred to as first thread row. On the
other hand, the thread row on the pin-back-end side and the
thread row on the box-front-end side engaged with this are
referred to as second thread row. In the radial direction
(which means the radial direction of the pipe, the same applies
hereinafter), the first thread row is on the inner side, and
the second thread row is on the outer side. The torque shoulder
portion is provided at the boundary of the first thread row
and the second thread row, and this is referred to as
intermediate shoulder.

[0009]

In an integral joint having the intermediate shoulder,
when two metal-to-metal seal portions are provided in the axial
direction, one of the two metal-to-metal seal portions forms
the inner radial seal surface. The other metal-to-metal seal

portion is provided on the outer peripheral surface of the
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unthreaded portion continuous with the back end of the second
thread row of the pin (referred to as pin-back-end-side
unthreaded surface for convenience sake), and on the inner
peripheral surface of the unthreaded portion continuous with
the front end of the second thread row of the box (referred
to as box-front-end-side unthreaded surface for convenience
sake) . When make-up the joint, the metal-to-metal seal
portion of the pin-back-end-side unthreaded surface and the
metal-to-metal seal portion of the box-front-end-side
unthreaded surface come intoc contact with each other in the
radial direction, and this metal-to-metal seal portion forms
a seal surface (referred to as outer radial seal surface for
convenience sake) that prevents fluid outside the pipe from
entering the region of the tapered thread.

[0010]

A threaded Jjoint for pipes (threaded pipe Jjoint)
describede1PatentIdterature],isshownjleig.3ensanexample
of conventional art of an i1ntegral Jjoint having the
intermediate shoulder. The aim (object) of the invention
described in Patent Literature 1 is to produce a threaded joint
for pipes that maintains appropriate rigidity and that is
provided with an improved seal, to improve the structural
resistance (characteristic) of the joint to a high load,
specifically to a compressive load, and to prevent the

characteristic from affecting the seal function. 1In the
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invention described in Patent Literature 1, a reinforcing
section protruding from the metal-to-metal seal portion of the
box-front-end-side unthreaded surface to the frontmost end of
the box is provided, the length, or the length and the wall
thickness of this reinforcing section are regulated, and the
total length of the reinforcing section of the box is prevented
from coming into contact with the opposing pin-back-end side
pipe (pipe body portion).

Citation List

Patent Literature

(0011] PTL 1: Japanese Patent No. 5232475

Summary of Invention
Technical Problem
[0012]

However, with the aforesaid technology described in PTL
1, it cannot be said that the sealing property i1s ensured
sufficiently when a high load, which is a combined load
including tension, compression, as well as internal pressure
and external pressure, is applied thereon, so that improved
sealing properties have Dbeen required. In addition, an
improvement of compression resistance is also required in
addition to the improvement of the sealing properties.
[0013]

Accordingly, it is an object of the present invention
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to provide a threaded joint for an oil well steel_pipe superior
in sealing properties and compression resistance.
[0014]

As used in the present invention, the expression
“superior in sealing property” is intended to include passing
a sealing property assessment test under the conditions of a
combined load for a threaded joint specified in Series A test
of IS013679:2002.

[0015]

Asused in the present invention the expression “superior
in compression resistance” is intended to include passing a
sealing property assessment test even when a high compressive
load is applied under compression conditions, which is an
option of the load conditions in the aforesaid ISO test. The
tensile load is specified that the maximum value is 95% of a
tensile strength of the pipe or the joint and the compression
resistance is expressed as a percentage with respect to the
tensile load. In a joint of a T&C (Threaded and Coupled) type,
the strength of a connecting portion is normally determined
by the tensile strength of the pipe, in which performance not
lower than a compression rate of 80% of the tensile strength
of the pipe is expressed to have high compressibility, and if
a compression rate of 100% is achieved, it can be said to have
very high compression resistance. In the joint of a semi-flush

type, the tensile strength is determined by a design of the
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joint, and if 70% or more of the tensile strength of the pipe
is achieved, it can be said to have a design having a sufficient
tensile strength. In the joint of the semi-flush type, a
performance which achieves 70% or more of compression rate
compared with the tensile strength of the joint is expressed
to have high compressibility, and if a compression rate of 100%,
which is equivalent to the tensile strength of the joint is
achieved, it can be said to have very high compression

resistance.

Solution to Problem
[0016]

The present inventors have intensively studied for
solving the aforesaid problem, and obtained the following
findings. 1In the related art, an attention is paid on the fact
that the rigidity of the seal portion on the pipe end side is
not sufficiently considered as the reason why desired sealing
properties cannot be secured. The inventors have found that
the rigidity is secured by specifying a cross-sectional area
at a predetermined seal point, whereby a sufficient surface
pressure may be obtained and sufficient sealing properties may
be secured even when a high load is applied. When a tensile
force is applied, a seal portion formed by contact between an
inner peripheral surface of the box formed on the pipe end side

of the box and an outer peripheral surface of the pin is subject
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to deformation of reducing the diameter of the pin
simultaneously with tensile deformation. Therefore, the
amount of interference of the seal is reduced, and thus a seal
surface pressure of the seal portion on the pipe end side of
the box is reduced correspondingly. In other words, the
inventors have found that the contact surface pressure at the
seal portion on the pipe end side of the box is more likely
to be reduced, and thus a prescribed value of a seal
cross—-sectional area of the box at the seal portion on the pipe
end side is preferably set tobe larger than the cross-sectional
area of the pin on the side of the seal portion on the pipe
end side for securing sealing properties. In addition, the
inventors have found that compression resistance may be
secured by specifying a cross-sectional area ratio of the
intermediate shoulder.
[0017]

The gist of the present invention achieved based on the
above-described findings is as follows.
[0018]

[1] A threaded joint for oil well steel pipe comprising:

a pin having a male thread that is a male tapered thread
at one end of a steel pipe; and

a box having a female thread that is a female tapered
thread threadedly engaged with the male thread at the other

end of a steel pipe,
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the pin and the box forming radial seal structures which
seals a fluid by metal contact with each other at two positions,
one on an outer periphery side sealing portion of the pin on
a pipe end side and one on an inner periphery side sealing
portion of the box on a pipe end side, the threaded joint further
comprising:

an intermediate shoulder formed between thread rows of
the female and male tapered threads, wherein

on the outer periphery side sealing portion formed on
the pin on the pipe end side,

a cross-sectional area S1 (mm?) of the pin at a seal point
which is a portion on the outer peripheral surface of a nose
portion on the pin side which comes into contact with the seal
surface on the box side first, and a cross-sectional area S0
(mm?) of a pipe body portion, which is an unprocessed pin portion
satisfy the following expression (1),

on the inner periphery side sealing portion formed on
the box on the pipe end side,

a cross-sectional area S2 (mm?) of the box at a seal point,
which is a portion on the inner peripheral surface of the pipe
end portion on the box side which comes into contact with the
seal surface on the pin side first and a cross-sectional area
S0’ (mm?) of a pipe body portion, which is an unprocessed box
portion satisfy the following expression (2), and
%)

a surface area S3 (mm“) of a contact portion of the

10
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intermediate shoulder and the cross-sectional area SO (mm?)
of the pipe body portion, which is the unprocessed pin portion,

satisfy the following expression (3),

(S1/80) x 100 = 15(%) ... (1)
(S2/50") x 100 2 20(%) ... (2)
(S3/580) x 100 2 10(%) ... (3)

[2] The threaded joint for oil well steel pipe according
to [1] wherein the S1, theS0, the S2, and the S0’ satisfy the
following expression (4),

(S1/S0) < (S2/80") ... (4).

Advantageous Effects of Invention
[0019]

According to the present invention, a threadedpipe joint

for an 0il well steel pipe superior in sealing properties and

compression resistance may be provided.

Brief Description of Drawings
[0020]

[Fig. 1] Fig. 1 is a cross-sectional view illustrating
a threaded joint for oil well steel pipe for explaining an
example of an embodiment of the present invention, and is also
a drawing for explaining an expression (1) and an expression
(3) .

[Fig. 2] Fig. 2 is a cross-sectional view illustrating

the threaded joint for oil well steel pipe for explaining an

11
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example of the embodiment of the present invention, and is a
drawing also for explaining an expression (2).

[Fig. 3] Fig. 3 is a cross-sectional view illustrating
an example of a threaded joint for oil well steel pipe of the
related art in which (a) is a cross-sectional view in a pipe
axis direction, and (b) is an enlarged cross~-sectional view

illustrating a metal touch seal portion.

Description of Embodiments
[0021]

Referring now to the drawings, the present inventionwill
be described below. Fig. 1 is a cross-sectional view
illustrating a threaded joint for oil well steel pipe for
explaining an example of an embodiment of the present invention,
and is also a drawing for explaining an expression (1) and an
expression (3) which will be described below. Fig. 2 is also
a cross-sectional view illustrating the threaded joint for oil
well steel pipe for explaining an example of the embodiment
of the present invention, and is also a drawing for explaining
an expression (2) which will be described below. Note that
Fig. 3 is a cross-sectional view illustrating an example of
a threaded joint for oil well steel pipe of the related art,
inwhich (a) is a cross—-sectional view in a pipe axis direction,
and (b) is an enlarged cross-sectional view illustrating a

metal touch seal portion.

12
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[0022]

A threaded joint 1 for o0il well steel pipe of the present
invention connects steel pipes with a pin 2 and a box 3. As
illustrated in Fig. 1 and Fig. 2, the threaded joint 1 for oil
well steel pipe of the present invention is a threaded joint
(premium joint) including the pin 2 and the box 3 connected
by thread connection. The threaded joint 1 for oil well steel
pipe of the present invention is an integral type threaded joint
connecting the steel pipes directly with each other with the
pin 2 and the box 3.

[0023]

The pin 2 is provided with a male thread 4, which is a
male tapered thread provided at one end of the steel pipe. The
box 3 is provided with a female thread 5, which is a female
tapered thread that engages a male thread 4 provided at the
other end of the steel pipe.

[0024]

The threaded joint 1 for cil well steel pipe of the
present invention includes a radial seal structure in which
the pin 2 and the box 3 come into metal contact with each other
to seal a fluid at two positions; at an outer periphery side
sealing portion 9 of the male thread 4 on a pipe end side (a
negative side of an X-axis which is parallel to the threaded
Joint axis a in Figs. 1 and 2) and at an inner periphery side

sealing portion 10 of the female thread 5 on a pipe end side

13
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(a positive side of the X-axis direction in Figs. 1 and 2).
The outer periphery side sealing portion 9 and the inner
periphery side sealing portion 10 each may be a metal touch
seal portion described in conjunction with Fig. 3.

[0025]

The outer periphery side sealing portion 9 is capable
of forming a seal surface which prevents a fluid inside the
pipe from entering an area of the tapered thread by contact
between the metal touch seal portions of a nose (a unthreaded
portion of the pin 2, which continues with a thread end of the
tapered thread on a pin-front-end side) and a nose hole (a
unthreaded portion of the box 3, which continues with a thread
end of the tapered thread on a box-back-end side) when make-up
the joint.

[0026]

The inner periphery side sealing portion 10 is provided
on an outer peripheral surface of the aforesaid pin 2 at a
unthreaded portion which continues with a back-end side of a
second thread row B (referred to as a unthreaded surface on
a pin-back-end side for convenience sake) and on an inner
peripheral surface of a unthreaded portion which continues
with a distal end of the second thread row B of the aforesaid
box 3 (referred to as a unthreaded surface on the box-front-end
side for convenience sake). The inner periphery side sealing

portion 10 forms a seal surface that prevents a fluid outside

14
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the pipe from entering the area of the tapered threads by
contact between the seal portions of the aforesaid unthreaded
surface on the pin-back-end side of the pin and the aforesaid
unthreaded surface on the box-front-end side of the box when
make-up the joint.

[0027]

The threaded Jjoint 1 for oil well steel pipe of the
present invention includes an intermediate shoulder C formed
between the two thread rows (the first thread row A and the
second thread row B) of the male and female tapered threads.
The intermediate shoulder C serves as a torgue shoulder portion
that has a role of an abutment while the make-up the joint.
[0028]

Additionally, the threaded joint 1 for ©0il well steel
pipe of the present invention may have a shoulder portion 11
at a front-end of the pin 2, and a shoulder 12 which comes into
contact with the shoulder portion 11 may be provided on the
box 3.

[0029]

The threaded joint 1 for oil well steel pipe of the
present invention is characterized in that a cross-sectional
area S1 (mm?) of the pin at a seal point spl (see Fig. 1) which
is a portion on the outer peripheral surface of the nose portion
on the pin 2 side which comes into contact with the seal surface

on the box 3 side first, and a cross-sectional area SO0 (mm%

15
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of a pipe body portion, which is an unprocessed pin portion
6 satisfy the following expression (1) at the outer periphery
side sealingportion 9. The pipe body portion (the unprocessed
pin portion 6) indicates an area of the pin 2 other than the
male thread provided on a front-end thereof, and has a
cylindrical shape.

[0030]

(S1/80) x 100 2 15(%) ... (1)

If (S1/S0) x 100 is smaller than 15%, a leak is caused
by a tension and an internal pressure, so that sufficient
sealing properties may not be secured. Therefore, in the
present invention, the value of (S1/S0) x 100 is set to 15%
or more, preferably 20% or more, and more preferably 25% or
more. In contrast, in the present invention, if (S1/50) x 100
exceeds 50%, the cross-sectional areas of the intermediate
shoulder C and the outer periphery side sealing portion 9 cannot
be secured, so that a sufficient performance may not be provided.
Therefore, in the present invention, (81/50) x 100 1is
preferably set to a value not more than 50%, and more preferably,
not more than 40%.

[0031)

As used herein the aforesaid term “the cross sections

of the cross-sectional areas S1, S0” are intended to include

cross sections along planes vertical to the threaded joint axis

o (positive and negative directions along the X-axis), and a

16
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cross sections of cross-sectional areas S2, S3 which will be
described below are intended to include cross sections along
planes vertical to the threaded joint axis a (the positive and
negative direction along the X-axis).

[0032]

As used herein the aforesaid term “the pin 2 side which
comes into contact with the seal surface on the box 3 side first”
is 1intended to include the frontmost end position (the
frontmost end position in the negative direction along the
X-axis) of the pin 2 which comes into contact with the seal
surface on the box 3 side.

[0033]

The threaded joint 1 for oil well steel pipe of the
present invention is characterized in that the cross-sectional
area S2 (mm®) of the box 3 at a seal point sp2 (see Fig. 2)
which is a portion on the inner peripheral surface of the pipe
end portion on the box 3 side which comes into contact with
the seal surface on the pin 2 side first, and a cross-sectional
area S0’ (mm?) of a pipe body portion, which is an unprocessed
box portion 7 satisfy the following expression (2) at the outer
surface side seal portion 10. As used herein the term “the
pipe body portion (the unprocessed box portion 7)” is intended
to include an area of the box 3 other than a female thread
provided at the front-end thereof, which has a cylindrical

shape.

17
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[0034]

(S2/50") x 100 = 20(%) ... (2)

If (S2/S0") x 100 is smaller than 20%, a leak is caused
by a tension and an external pressure, so that sufficient
sealing properties may not be secured. Therefore, in the
present invention, the value of (S2/S0’) x 100 is set to 20%
or more, preferably 25% or more, and more preferably 30% or
more. In contrast, in the present invention, if (S2/S0') x
100 exceeds 50%, the cross-sectional areas of the inner
periphery side sealing portion 10 and the intermediate
shoulder C are difficult to be secured, so that a sufficient
performance may not be provided. Although realization of a
large cross-sectional area by increasing an outer diameter of
the inner periphery side sealing portion is not impossible,
increasing the outer diameter is against realization of the
slim joint, which is a characteristic of the integral type
threaded joint, and thus designing with an excessive outer
diameter 1s not realistic. Theréfore, in the present
invention, (S2/S0’) x 100 is preferably set to a value not more
than 50%, and more preferably, not more than 45%.

[0035]

As used herein the aforesaid term “the box 3 side which
comes into contact with the seal surface on the pin 2 side first”
is intended to include the frontmost end position (the

frontmost end position in the positive direction along the

18
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X-axis) of the box 3 which comes into contact with the seal
surface on the pin 2 side.
[0036]

In addition, the threaded joint 1 for 0il well steel pipe
of the present invention is alsc characterized in that the
surface area S3 (mm?) of a contact portion 8 (see Fig. 1) of
the intermediate shoulder C and the cross-sectional area SO
(mm?) of the pipe body portion, which is the unprocessed pin
portion 6, satisfy the following expression (3),

[0037]

($3/80) x 100 = 10(%) ... (3)

If (S3/S0) x 100 is smaller than 10%, an excessive load
is applied to the seal portion at the time of compression and
causes deterioration of sealing properties in association with
plastic deformation, and a leak is caused by a tension and an
internal pressure, so that sufficient sealing properties may
not be secured. In addition, a plastic deformation may occur
at the shoulder portion when make-up the joint, so that such
an event that the joint cannot be tightened any longer may
result. Therefore, in the present invention, the value of
{S3/50) x 100 is set to 10% or more, preferably 15% or more,
and more preferably, 20% or more. In contrast, in the present
invention, if (S3/S0) x 100 exceeds 50%, the cross-sectional
areas of the outer periphery side sealing portion 9 and the

inner periphery side sealing portion 10 cannot be secured, so

19
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that a sufficient performance may not be provided. Therefore,
in the present invention, (S3/S0) x 100 is preferably set to
a value not more than 50%, and more preferably, not more than
40%.

[(0038]

In the present invention, desired sealing properties and
compression resistance are achieved only when all the
aforesaid expressions (1) to (3) are satisfied.

[0039]

In the threaded joint 1 for oil well steel pipe of the
present invention, the aforesaid S1, S0, S2, and S0’ preferably
satisfy the following expression (4).

(S1/80) < (S2/S0") ... (4)

When a tensile force is applied to the joint, deformation
in a direction of reducing the diameter occurs simultaneously
with deformation in a direction of tension. Therefore, the
amount of interference of the seal is reduced, and thus a seal
surface pressure of the inner periphery side sealing portion
10 formed on the pipe end side of the box is reduced
correspondingly. In other words, as the contact surface
pressure at the inner periphery side sealing portion 10 more
likely to be reduced, a prescribed wvalue of a seal
cross-sectional area of the inner periphery side sealing
portion 10 is preferably set to be larger than that of the outer

periphery side sealing portion 9 for securing sealing

20
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properties. Therefore, in the present invention, further
reliable sealing properties may be secured by setting (S2/S0")
not to be lower than (S1/S0), that is, by setting the
cross-sectional area ratio of the seal at the inner periphery
side sealing portion 10 to be larger than the ratio of the
cross-sectional area of the seal at the outer periphery side
sealing portion 9. Therefore, in the present invention,
preferably, the relationship “(S1/S0) £ (S2/50")” is satisfied,
and more preferably, the value of (52/50’') is 1.1 times or more,
further preferably, 1.2 times or more, the value of (S1/S0).
[0040]

In the present invention, outer diameters of the
unprocessed pin portion 6 and the unprocessed box portion 7
are preferably from 5 to 16 inches, and more preferably from
5.5 to 14 inches, although not specifically limited thereto.

In the present invention, thicknesses of the unprocessed
pin portion 6 and the unprocessed box portion 7 are preferably
at least 12 mm, and more preferably at least 15 mm.

In the threaded joint of the present invention, a load
flank angle is preferably from 5 to 30 degrees, and more
preferably from 10 to 25 degrees.

A stabbing flank angle is preferably from -10 to 0 degrees,
and more preferably from -7 to -3 degrees.
[0041]

As described above, according to the present invention,
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a threaded joint for o0il well steel pipe superior in sealing
properties and compression resistance may be provided.
Examples

[0042]

The present invention will be described below based on
examples.
[0043]

Samples of the threaded joint including a pin formed by
machining an end portion of a steel pipe of a steel type 0125
of API 5CT having an outer diameter 9-5/8 inches x a thickness
of 0.545 inches (outer diameter 244.48 mm x thickness 13.84
mm) and a box corresponding thereto were manufactured and a
series Atest of IS0 13679:2002 was conducted. When conducting
this test, experiment conditions of respective levels shown
in Table 1 was employed. As experiment conditions which are
not shown in Table 1, a load flank angle of -5 degrees and a
stabbing flank angle of 15 degrees were employed for a thread
contact surface commonly to all the levels.

[0044]

As used in Table 1 the expression “the area ratio (%)
of the outer periphery side sealing portion with respect to
an unprocessed portion of a mother pipe” means "a ratio ((S1/S0)
x 100 [%]) of the cross-sectional area Sl (nm@) of a pin at
a seal point, which is a portion on the outer peripheral surface

of the nose portion on the pin side which comes into contact
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with the seal surface on the box side first with respect to
the cross-sectional area SO (mm?) of the pipe body portion,
which is the unprocessed pin portion.

[0045]

The expression “the area ratio (%) of the inner periphery
side sealing portion with respect to the unprocessed portion
of the mother pipe” means “a ratio ((S2/507) x 100 [%]) of the
cross-sectional area S2 (mm?) of a box at a seal point, which
is a portion on the inner peripheral surface of the pipe end
portion on the box side which comes into contact with the seal
surface on the pin side first with respect to the
cross-sectional area SO0’ (mm?) of the pipe body portion, which
is the unprocessed box portion.

[0046]

The expression “area ratio (%) of the intermediate
shoulder with respect to the unprocessed portion of the mother
pipe” means “a ratio ((S3/S0) x 100 [%]) of the surface area
S3 (mm®) of a contact portion of the intermediate shoulder with
respect to the cross-sectional area SO (mm?) of the pipe body
portion, which is the unprocessed pin portion.

[0047]

The test of this example is a test for assessing the
sealing properties by applying a combined load including a
tensile force/compression force and internal

pressure/external pressure in the series A test, and the load
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schedule is defined by VME 95% and API Collapse pressure. In
this test, the maximum tension rate in the test is set to 70%.
[0048]

A case of passing the seal test under the load conditions
of the maximum compression rate of 49% (70% in ratio with
respect to the tension rate) is considered to be superior both
in sealing properties and compression resistance, and to pass
the performance assessment. A case of passing the seal test
under the load conditions of the maximum compression rate of
70% (100% in ratio with respect to the tension rate) is
considered to be superior in compression resistance.

[0049]

A result will be shown in Table 1.
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[0051]

As shown in Table 1, in Comparative Example 1, the area
ratio of the intermediate shoulder was lower than 10%, which
isvery small. Therefore, plastic deformation occurred in the
shoulder portion at the time of being tightened, and the test
was failed when make-up the joint.

[0052]

In Comparative Example 2, as the area ratio of the
intermediate shoulder was lower than 10%, an excessive load
was applied to the seal portion at the time of compression,
and deterioration of sealing properties associated with
plastic deformation resulted. Therefore, the test was failed
because of an occurrence of a leak due to the tension and the
internal pressure (hereinafter, referred to as tension +
internal pressure).

[0053]

In Comparative Example 3, as the area ratio of the outer
periphery side sealing portion was lower than 15%, the test
was failed because of an occurrence of a leak due to the tension
+ internal pressure.

[0054]

In Comparative Example 4, as the area ratio of the inner
periphery side sealing portion was lower than 20%, the test
was failed because of an occurrence of a leak due to the tension

and external pressure (tension + external pressure).

26



CA 03031919 2019-01-24

[0055]

In contrast, the test was passed in all of Examples 1

to 5 of the present invention, and it became apparent that the

examples of the present invention have superior
properties and compression resistance.
Reference Signs List

[0056]

1 threaded joint for o0il well steel pipe
2 pin

3 box

4 male thread

5 female thread

6 unprocessed pin portion

7 unprocessed box portion

8 contact portion

9 outer periphery side sealing portion
10 inner periphery side sealing portion
11, 12 shoulder portion

A first thread row

B second thread row

C intermediate shoulder

spl seal point

sp2 seal point

o threaded joint axis
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CLAIMS

[Claim 1] (Currently Amended)

A threaded joint for oil well steel pipe comprising:

a pin having a male thread that is a male tapered
thread at one end of a steel pipe; and

a box having a female thread that is a female tapered
thread threadedly engaged with the male thread at the other end
of a steel pipe,

the pin and the box forming radial seal structures
which seals a fluid by metal contact with each other at two
positions, one on an outer periphery side sealing portion of the
pin on a pipe end side and one on an inner periphery side sealing
portion of the box on a pipe end side, the threaded joint further
comprising:

an intermediate shoulder formed between thread rows of
the female and male tapered threads, wherein

on the outer periphery side sealing portion formed on
the pin on the pipe end side,

a cross-sectional area S1 (mm?) of the pin at a seal
point which is a portion on the outer peripheral surface of a
nose portion on the pin side which comes into contact with the
seal surface on the box side first, and a cross-sectional area
SO (mm?) of a pipe body portion, which is an unprocessed pin
portion satisfy the following expression (1),

on the inner periphery side sealing portion formed on
the box on the pipe end side,

a cross-sectional area S2 (mm?) of the box at a seal
point, which is a portion on the inner peripheral surface of the
pipe end portion on the box side which comes into contact with

the seal surface on the pin side first and a cross-sectional
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area S0’ (mm?) of a pipe body portion, which is an unprocessed
box portion satisfy the following expression (2), and

a surface area S3 (mm?) of a contact portion of the
intermediate shoulder and the cross-sectional area SO (mm?) of
the pipe body portion, which is the unprocessed pin portion,

satisfy the following expression (3),

(S1/S0) x 100 = 15(%) ... (1)
(S2/80") x 100 2 20(%) ... (2)
(S3/S0) x 100 = 10(%) ... (3)

wherein the S1, the S0, the S2, and the S0’ satisfy the following
expression (4),

(S1/80) < (8S2/80')... (4).
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