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ABSTRACT

A threaded connection that provides high sealing performance is
provided. A threaded connection (10) includes a pin (1) and a box (2). An
inner male thread (13) of the pin (1) includes a parallel portion (131). The
parallel portion (131) is located at an end portion of the inner male thread
(13) adjacent to the pin inner sealing surface (11), and has thread roots
parallel to the pipe axis. An inner female thread (23) of the box (2) includes
a tapered portion (231). The thread height in the tapered portion (231) is
larger than that in the parallel portion (131). Da<Db is satisfied, where Da
18 the difference in diameter between adjacent thread crests (231a) in the
tapered portion (231) in a longitudinal cross section of the pin (1) and box (2)
as found when the connection is not made up, and Db is the difference
between the diameter of the thread root (131a) in the parallel portion (13)
and the maximum diameter of the pin inner sealing surface (11).
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THREADED CONNECTION

TECHNICAL FIELD
[0001] The present disclosure relates to a threaded connection, and more

particularly to a threaded connection for connecting steel pipes.

BACKGROUND ART

[0002] Steel pipes called oil country tubular goods are used in oil wells and
natural-gas wells (hereinafter collectively referred to as oil wells). Oil
country tubular goods are connected to each other by means of a threaded
connection and placed in an oil well.

[0003] Threaded connections are generally categorized as integral type and
coupling type. An integral-type connection directly connects oil country
tubular goods. More specifically, a female thread is provided on the inner
periphery of a pipe end of one o1l country tubular good, and a male thread is
provided on the outer periphery of a pipe end of another o1l country tubular
good and the male thread is screwed into the female thread such that the oil
country tubular goods are connected. A coupling-type connection connects
oil country tubular goods by means of a tubular coupling. More specifically,
a female thread is provided on the inner periphery of each pipe end of the
coupling and a male thread is provided on the outer periphery of each pipe
end of each oil country tubular good, and such a male thread is screwed into
each of the female threads such that the oil country tubular goods are
connected.

[0004] A pipe end of an oil country tubular good on which a male thread is
provided includes an element to be inserted into a female thread, and thus is
usually referred to as "pin". A pipe end of an oil country tubular good or a
pipe end of a coupling on which a female thread is provided includes an
element for receiving a male thread, and thus is referred to as "box".

[0005] In recent years, as oil wells have become deeper and deeper, the use
of multi-stage string design has become widespread, where multiple layers of
oil country tubular goods are placed in a well. With multi-stage string
design, it is preferable to minimize the gap between an outer oil country
tubular good and an inner oil country tubular good. In view of this, an
integral type threaded connection is used. Such a threaded connection has

a box with an outer diameter of about 110 % of the outer diameter of the pin,
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for example, and thus is usually called semi-flush-type or flush-type
(hereinafter collectively referred to as semi-flush-type) connection.

[0006] Japanese Patent No. 3808562 proposes a threaded connection
intended to be used in a deep well. An inner seal and an outer seal are
provided at the inner and outer ends, respectively, as determined along the
pipe-axis direction, of the threaded connection. As a whole, the thread
system is composed of two tapered-thread stages, and includes a lost thread
section at the end thereof adjacent to the inner seal and another lost thread
section at the end thereof adjacent to the outer seal. In the lost thread
section adjacent to the inner seal, the thread roots of the male thread of the
pin and the thread crests of the female thread of the box have constant
diameters and are parallel to the pipe axis. In the lost thread section
adjacent to the outer seal, the thread crests of the male thread of the pin and
the thread roots of the female thread of the box have constant diameters and

are parallel to the pipe axis.

SUMMARY OF THE DISCLOSURE

[0007] Typically, a threaded connection is required to have high sealing
performance. A semi-flush-type threaded connection needs to provide high
sealing performance under strict dimension constrictions. However, in the
threaded connection of Japanese Patent No. 3808562, the lost thread
sections discussed above may lead to a decrease in sealing performance.
[0008] An object of the present disclosure is to provide a threaded
connection that provides high sealing performance.

[0009] A threaded connection according to the present disclosure connects
steel pipes. The threaded connection includes a pin and a box. The pin
constitutes a pipe end portion of one steel pipe. The box constitutes a pipe
end portion of another steel pipe. The pin is inserted into the box such that
the box and the pin are made up. The pin includes a pin inner sealing
surface, a pin outer sealing surface, an inner male thread, an outer male
thread, and a pin shoulder surface. The pin inner sealing surface is formed
on an outer periphery of the pin at a tip portion thereof. The pin outer
sealing surface is formed on the outer periphery of the pin at an end portion
thereof adjacent to a pipe body of the one steel pipe. The inner male thread
is located between the pin inner sealing surface and the pin outer sealing

surface. The inner male thread is formed on the outer periphery of the pin.



CA 03047916 2019-06-20

The outer male thread is located between the pin inner sealing surface and
the pin outer sealing surface and closer to the pin outer sealing surface than
the inner male thread is. The outer male thread is formed on the outer
periphery of the pin. The pin shoulder surface is located between the inner
male thread and the outer male thread. The pin shoulder surface is formed
on the outer periphery of the pin. The box includes a box inner sealing
surface, a box outer sealing surface, an inner female thread, an outer female
thread, and a box shoulder surface. The box inner sealing surface is formed
on an inner periphery of the box to correspond to the pin inner sealing
surface. The box inner sealing surface is in contact with the pin inner
sealing surface when the connection has been made up. The box outer
sealing surface is formed on the inner periphery of the box to correspond to
the pin outer sealing surface. The box outer sealing surface is in contact
with the pin outer sealing surface when the connection has been made up.
The inner female thread is formed on the inner periphery of the box to
correspond to the inner male thread. The inner female thread mates with
the inner male thread when the connection has been made up. The outer
female thread is formed on the inner periphery of the box to correspond to
the outer male thread. The outer female thread mates with the outer male
thread when the connection has been made up. The box shoulder surface is
formed on the inner periphery of the box to correspond to the pin shoulder
surface. The box shoulder surface is in contact with the pin shoulder
surface when the connection has been made up. The inner male thread
includes a first parallel portion. The first parallel portion is located at an
end portion of the inner male thread adjacent to the pin inner sealing surface.
The first parallel portion includes a plurality of thread roots parallel to a
pipe axis of the one steel pipe in a longitudinal cross-sectional view of the pin.
The inner female thread includes a first tapered portion. The first tapered
portion faces the first parallel portion when the connection has been made up.
The first tapered portion has a thread height larger than that in the first
parallel portion and a thread diameter decreasing toward the box inner
sealing surface. The pin inner sealing surface has a maximum diameter
larger than a minimum diameter of a thread crest in the first tapered portion.
Da<Db is satisfied, where Da is a difference in diameter between adjacent
thread crests in the first tapered portion in a longitudinal cross section of the
pin and the box as found when the connection is not made up, and Db is a
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difference between the diameter of the thread roots in the first parallel
portion and a maximum diameter of the pin inner sealing surface.
[0010] The threaded connection according to the present disclosure provides

high sealing performance.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] [FIG. 1] FIG. 1 is a schematic longitudinal cross-sectional view of a
threaded connection according to an embodiment.

[FIG. 2] FIG. 2 is a longitudinal cross-sectional view of the inner end
portion, as determined along the pipe-axis direction, of the threaded
connection of FIG. 1, as found when the connection is not made up.

[FIG. 3] FIG. 3 is a longitudinal cross-sectional view of the outer end
portion, as determined along the pipe-axis direction, of the threaded
connection of FIG. 1, as found when the connection is not made up.

[FIG. 4] FIG. 4 is a longitudinal cross-sectional view of an
as-designed pin and box as superimposed on each other, as found at various
steps beginning with three pitches before completion of make-up and ending
with the completion of make-up.

[FIG. 5] FIG. 5 is a longitudinal cross-sectional view of the pin and
box, as found three pitches before completion of make-up during a real
make-up process.

[FIG. 6] FIG. 6 is a longitudinal cross-sectional view of the pin and
box, as found two pitches before completion of make-up during a real
make-up process.

[FIG. 7] FIG. 7 is a longitudinal cross-sectional view of the pin and
box, as found one pitch before completion of make-up during a real make-up
process.

[FIG. 8] FIG. 8 is a longitudinal cross-sectional view of the pin and
box as found upon completion of make-up.

[FIG. 9] FIG. 9 is a graph showing the amount of plastic deformation
(i.e. amount of plastic distortion) of the pin upon application of external and
internal pressures for each of an inventive example and a comparative
example.

[FIG. 10] FIG. 10 is a graph showing the amount of plastic
deformation (i.e. amount of plastic distortion) of the box upon application of

external and internal pressures for each of the inventive and comparative
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examples.

EMBODIMENTS FOR CARRYING OUT THE INVENTION

[0012] According to the latest physical test standard for threaded
connections (ISO/FDIS 13679 CAL IV: 2011), the tensile, compression,
external-pressure and internal-pressure loads that are repeatedly applied
are larger than those according to the previous standard (ISO 13679 CAL IV:
2002). That is, threaded connections that are stronger against repeated
loads are desired today. Further, as use environments for threaded
connections are becoming harsher and harsher, demand for a sealing
performance that provides resistance to repeated loads is growing.

[0013] In a threaded connection to which an internal pressure and an
external pressure are applied, it is preferable to separately provide an inner
seal for the internal pressure and an outer seal for the external pressure to
improve sealing performance. Particularly, in a semi-flush-type threaded
connection, it is preferable to maximize the wall thickness of the pin as
measured at the inner seal in order to prevent decrease in sealing
performance against the inner pressure.

[0014] In the threaded connection of Japanese Patent No. 3808562, crests on
the end portion of the box female thread adjacent to the inner sealing portion
are cut parallel to the pipe axis, thereby forming a lost thread section on the
box. Thus, the thread height of the female thread as measured at its end
adjacent to the inner sealing portion is smaller than the thread height of the
male thread as measured at its corresponding end. This prevents the pin
inner sealing surface and crests of the box female thread from contacting
each other during make-up even if the wall thickness of the pin as measured
at the inner seal is increased.

[0015] However, in the threaded connection of Japanese Patent No. 3808562,
in areas with the lost thread section, a large gap is created between thread
crests of the male thread and thread roots of the female thread and between
thread roots of the male thread and thread crests of the female thread when
the connection has been made up.  As such, it is difficult to maintain sealing
performance when repeated loads are applied.

[0016] For example, when mainly a load from the internal pressure 1s
applied to the threaded connection of Japanese Patent No. 3808562, the tip

portion of the pin deforms in such a manner that its diameter increases until
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thread crests or thread roots of the male thread contact the female thread of
the box. If the gap between thread crests of the male thread and thread
roots of the female thread and the gap between thread roots of the male
thread and thread crests of the female thread are large, the amount of
deformation of the pin during application of a load is large, as well. When a
load 1s applied repeatedly, plastic deformation accumulates, resulting in a
decrease in the sealing performance of the threaded connection. As
discussed above, in recent years, demand for resistance to repeated loads,
among other parameters, has been growing, and high sealing performance
must be maintained even when a load is applied repeatedly to the threaded
connection.

[0017] Based on the above-discussed findings, the present inventors arrived
at the threaded connection according to the embodiment.

[0018] A threaded connection according to the embodiment connects steel
pipes. The threaded connection includes a pin and a box. The pin
constitutes a pipe end portion of one steel pipe. The box constitutes a pipe
end portion of another steel pipe. The pin is inserted into the box such that
the box and the pin are made up. The pin includes a pin inner sealing
surface, a pin outer sealing surface, an inner male thread, an outer male
thread, and a pin shoulder surface. The pin inner sealing surface is formed
on an outer periphery of the pin at a tip portion thereof. The pin outer
sealing surface is formed on the outer periphery of the pin at an end portion
thereof adjacent to a pipe body of the one steel pipe. The inner male thread
is located between the pin inner sealing surface and the pin outer sealing
surface. The inner male thread is formed on the outer periphery of the pin.
The outer male thread is located between the pin inner sealing surface and
the pin outer sealing surface and closer to the pin outer sealing surface than
the inner male thread is. The outer male thread is formed on the outer
periphery of the pin. The pin shoulder surface is located between the inner
male thread and the outer male thread. The pin shoulder surface is formed
on the outer periphery of the pin. The box includes a box inner sealing
surface, a box outer sealing surface, an inner female thread, an outer female
thread, and a box shoulder surface. The box inner sealing surface is formed
on an inner periphery of the box to correspond to the pin inner sealing
surface. The box inner sealing surface is in contact with the pin inner

sealing surface when the connection has been made up. The box outer
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sealing surface is formed on the inner periphery of the box to correspond to
the pin outer sealing surface. The box outer sealing surface is in contact
with the pin outer sealing surface when the connection has been made up.
The inner female thread is formed on the inner periphery of the box to
correspond to the inner male thread. The inner female thread mates with
the inner male thread when the connection has been made up. The outer
female thread is formed on the inner periphery of the box to correspond to
the outer male thread. The outer female thread mates with the outer male
thread when the connection has been made up. The box shoulder surface is
formed on the inner periphery of the box to correspond to the pin shoulder
surface. The box shoulder surface is in contact with the pin shoulder
surface when the connection has been made up. The inner male thread
includes a first parallel portion. The first parallel portion is located at an
end portion of the inner male thread adjacent to the pin inner sealing surface.
The first parallel portion is parallel to a pipe axis of the one steel pipe in a
longitudinal cross-sectional view of the pin and has a constant diameter.

The inner female thread includes a first tapered portion. The first tapered
portion faces the first parallel portion when the connection has been made up.
The first tapered portion has a thread height larger than that in the first
parallel portion and a thread diameter decreasing toward the box inner
sealing surface. The pin inner sealing surface has a maximum diameter
larger than a minimum diameter of a thread crest in the first tapered portion.
Da<Db is satisfied, where Da is a difference in diameter between adjacent
thread crests in the first tapered portion in a longitudinal cross section of the
pin and the box as found when the connection is not made up, and Db is a
difference between the diameter of the thread roots in the first parallel
portion and a maximum diameter of the pin inner sealing surface (first
arrangement).

[0019] In the first arrangement, in a portion of the pin inner male thread
adjacent to the inner sealing portion is provided a first parallel portion
having thread roots parallel to the pipe axis. On the other hand, the first
tapered portion of the box inner female thread that faces that first parallel
portion has thread crests that are not parallel to the pipe axis and have a
thread height larger than the thread height of the first parallel portion.
Thus, when the connection has been made up, no large gap is created
between the first parallel portion of the inner male thread and the first
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tapered portion of the inner female thread even when the interference of the
inner sealing portions is considered. Thus, even when a load from the
internal or external pressure is applied to the threaded connection, thread
crests or thread roots of the first parallel portion of the inner male thread
contact the inner female thread when the load is still low, thereby limiting
the deformation of portions near the inner seal. This will reduce the
amount of accumulation of plastic deformation, thereby providing high
sealing performance even when a load from the internal or external pressure
1s repeatedly applied to the threaded connection.

[0020] In the first arrangement, the first tapered portion of the inner female
thread has thread crests that are not parallel to the pipe axis and have a
thread height that is larger than the thread height of the first parallel
portion of the inner male thread. Thus, the length of the portions of the
inner female thread and inner male thread that completely engage each
other is increased over arrangements where crests in portions of the inner
female thread adjacent to the inner seal are cut. This will reduce the
deformation of the pin or box in response to tensile and compression loads,
thereby providing high sealing performance.

[0021] In the first arrangement, the difference between the diameter of the
thread root of the first parallel portion of the inner male thread and the
maximum diameter of the pin inner sealing surface is larger than the
difference between the diameters of adjacent thread crests in the first
tapered portion of the inner female thread. This will prevent the pin inner
sealing surface from contacting thread crests of the inner female thread of
the box during make-up even if thread crests of the inner female thread of
the box are not cut.

[0022] Starting from the above-described threaded connection, the outer
female thread may include a second parallel portion, and the outer male
thread may include a second tapered portion. The second parallel portion is
located at an end portion of the outer female thread adjacent to the box outer
sealing surface. The second parallel portion includes thread roots parallel
to the pipe axis of the other steel pipe. The second tapered portion faces the
second parallel portion when the connection has been made up. The second
tapered portion has a thread height smaller than that in the second parallel
portion and a thread diameter increasing toward the pin outer sealing

surface. The box outer sealing surface has a minimum diameter larger than
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a maximum diameter in a thread crest of the second tapered portion.

De<Dd is satisfied, where De is a difference in diameter between adjacent
thread crests in the second tapered portion in a longitudinal cross section of
the pin and the box as found when the connection is not made up, and Dd 1s a
difference between the diameter of the thread roots in the second parallel
portion and a minimum diameter of the box outer sealing surface (second
arrangement).

[0023] In the second arrangement, at the end portion of the outer female
thread adjacent to the outer seal is provided a second parallel portion that
has thread roots parallel to the pipe axis. The thread height of the second
parallel portion is larger than the thread height of the second tapered
portion of the outer male thread facing that second parallel portion. Thus,
the gap between the second parallel portion of the outer female thread and
the second tapered portion of the outer male thread when the connection has
been made up is reduced such that, when a load from the internal or external
pressure is applied to the thread connection, these portions contact each
other when the load is still low. Further, the length of the portions of the
outer male thread and outer female thread that completely engage each
other is increased. This will reduce the deformation of portions of the
threaded connection near the outer sealing portion, thereby further
improving sealing performance.

[0024] Embodiments will now be described with reference to the drawings.
The same and corresponding elements in the drawings are labeled with the
same characters, and the same description will not be repeated. For ease of
explanation, the drawings may show elements in a simplified or schematic
manner, or may not show some elements.

[0025] [Overall Construction of Threaded Connection]

FIG. 1 is a schematic longitudinal cross-sectional view of a threaded
connection 10 according to an embodiment. The threaded connection 10
connects steel pipes P1 and P2. Longitudinal cross-sectional view means a
cross-sectional view taken along a plane containing the pipe axis CL of the
steel pipes P1 and P2.

[0026] As shown in FIG. 1, the threaded connection 10 includes a pin 1 and
a box 2. The pin constitutes one pipe end of the steel pipe P1. The box 2
constitutes one pipe end of the steel pipe P2. The pin 1 is inserted into the
box 2 such that the box 2 and pin 1 are made up. Although not shown, a box
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2 is provided at the other pipe end of the steel pipe P1. A pin 1 is provided
at the other pipe end of the steel pipe P2. That is, the threaded connection
10 1s an integral-type threaded connection.

[0027] The threaded connection 10 is a so-called semi-flush-type threaded
connection. Thus, for example, the outer diameter of the box 2 should be
110 % or less of the outer diameter of the pin 1.

[0028] The pin 1 includes a pin inner sealing surface 11, a pin outer sealing
surface 12, an inner male thread 13, an outer male thread 14, and a pin
shoulder surface 15. The pin inner sealing surface 11, inner male thread 13,
pin shoulder surface 15, outer male thread 14 and pin outer sealing surface
12 are arranged in this order as it goes from the tip of the pin 1 toward the
pipe body P11 of the steel pipe P1. In the following description, as
determined along the pipe-axis direction, being located further toward the
tip of the pin 1 may be referred to as inner or inward, and being located
further toward the pipe body P11 may be referred to as outer or outward.
[0029] The pin inner sealing surface 11 is located on the tip portion of the
pin 1. The pin inner sealing surface 11 is formed on the outer periphery of
the pin 1. The pin inner sealing surface 11 has a diameter generally
increasing toward the inner male thread 13.

[0030] The pin outer sealing surface 12 is provided on the end portion of the
pin 1 adjacent to the pipe body P11 of the steel pipe P1. The pin outer
sealing surface 12 is formed on the outer periphery of the pin 1. The pin
outer sealing surface 12 has a diameter generally increasing toward the pipe
body P11.

[0031] The pin inner sealing surface 11 and pin outer sealing surface 12 may
be constituted by, for example, the peripheral surface of a solid of revolution
obtained by rotating an arc about the pipe axis CL or the peripheral surface
of a truncated cone whose axis is represented by the pipe axis CL, or a
combination of two or more such surfaces.

[0032] The inner male thread 183 is located between the pin inner sealing
surface 11 and pin outer sealing surface 12. The inner male thread 13 is
formed on the outer periphery of the pin 1. The inner male thread 13
includes a parallel portion 131 and a tapered portion 132. The parallel
portion 131 is located closer to the pin inner sealing surface 11 than the
tapered portion 132 is.

[0033] The outer male thread 14 is located between the pin inner sealing

10
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surface 11 and pin outer sealing surface 12 and closer to the pin outer sealing
surface 12 than the inner male thread 13 1s. That is, the outer male thread
14 is located between the inner male thread 13 and pin outer sealing surface
12. The outer male thread 14 is formed on the outer periphery of the pin 1.
The outer male thread 14 includes tapered portions 141 and 142 and a
parallel portion 143.

[0034] The pin shoulder surface 15 is located between the inner male thread
13 and outer male thread 14. The pin shoulder surface 15 is a toroidal
surface crossing the pipe-axis direction. The pin shoulder surface 15 may
be substantially perpendicular to the pipe-axis direction, or may be inclined
such that the outer periphery is located inward or outward as determined
along the pipe-axis direction. The pin shoulder surface 15 separates the
inner and outer male threads 13 and 14 from each other as determined along
the pipe-axis direction.

[0035] The box 2 includes a box inner sealing surface 21, a box outer sealing
surface 22, an inner female thread 23, an outer female thread 24, and a box
shoulder surface 25. The box inner sealing surface 21, inner female thread
23, box shoulder surface 25, outer female thread 24 and box outer sealing
surface 22 are arranged in this order as it goes outward along the pipe-axis
direction.

[0036] The box inner sealing surface 21 is formed on the inner periphery of
the box 2 to correspond to the pin inner sealing surface 11. The box inner
sealing surface 21 has a diameter generally increasing toward the inner
female thread 23. The box inner sealing surface 21 is in contact with the
pin inner sealing surface 11 when the pin 1 and box 2 have been made up.
[0037] The pin inner sealing surface 11 and box inner sealing surface 21
have an amount of interference. That is, when the connection is not made
up, the pin inner sealing surface 11 has a diameter larger than the diameter
of the box inner sealing surface 21. Thus, as the pin 1 is screwed into the
box 2, the pin inner sealing surface 11 and box inner sealing surface 21
contact each other, and, when the connection has been made up, fitting
adhesion is achieved to provide an interference fit. Thus, the pin and box
inner sealing surfaces 11 and 21 form an inner seal through metal-to-metal
contact.

[0038] The box outer sealing surface 22 is formed on the inner periphery of
the box 2 to correspond to the pin outer sealing surface 12. The box outer

11
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sealing surface 22 has a diameter that generally increases as it goes outward
along the pipe-axis direction. The box outer sealing surface 22 is in contact
with the pin outer sealing surface 12 when the connection has been made up.
[0039] The pin outer sealing surface 12 and box outer sealing surface 22
have an amount of interference. That is, when the connection is not made
up, the pin outer sealing surface 12 has a diameter larger than the diameter
of the box outer sealing surface 22. Thus, as the pin 1 is screwed into the
box 2, the pin outer sealing surface 12 and box outer sealing surface 22
contact each other, and, when the connection has been made up, fitting
adhesion is achieved to provide an interference fit. Thus, the pin and box
outer sealing surfaces 12 and 22 form an outer seal through metal-to-metal
contact.

[0040] The box inner sealing surface 21 and box outer sealing surface 22
may be constituted by, for example, the peripheral surface of a solid of
revolution obtained by rotating an arc about the pipe axis CL or the
peripheral surface of a truncated cone whose axis is represented by the pipe
axis CL, or a combination of two or more such surfaces.

[0041] The inner female thread 23 is formed on the inner periphery of the
box 2 to correspond to the inner male thread 13. The inner female thread
23 includes tapered portions 231 and 232 and a parallel portion 233. The
inner female thread 23 mates with the inner male thread 13 when the
connection has been made up. When the connection has been made up, the
inner female thread 23, together with the inner male thread 13, forms an
inner seal.

[0042] The outer female thread 24 is formed on the inner periphery of the
box 2 to correspond to the outer male thread 14. The outer female thread 24
includes a parallel portion 241 and a tapered portion 242. The outer female
thread 24 mates with the outer male thread 14 when the connection has
been made up. When the connection has been made up, the outer female
thread 24, together with the outer male thread 14, forms an outer seal.
[0043] The box shoulder surface 25 is formed on the inner periphery of the
box 2 to correspond to the pin shoulder surface 15. The box shoulder
surface 25 is a toroidal surface crossing the pipe-axis direction. The box
shoulder surface 25 separates the inner and outer female threads 23 and 24
from each other as determined along the pipe-axis direction. When the

connection has been made up, the box shoulder surface 25 is in contact with

12
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the pin shoulder surface 15. The box shoulder surface 25 has a shape that
allows surface contact with the pin shoulder surface 15.
[0044] As the pin 1 is screwed into the box 2, the pin and box shoulder
surfaces 15 and 25 contact each other and become pressed against each other.
The pin and box shoulder surfaces 15 and 25 form a shoulder assembly.
[0045] [Construction of Inner End Portion of Threaded Connection]

FIG. 2 is a longitudinal cross-sectional view of the inner end portion,
as determined along the pipe-axis direction, of the threaded connection 10,
as found when the connection is not made up.
[0046] As shown in FIG. 2, the parallel portion 131 is provided at the end of
the inner male thread 13 of the pin 1 that is adjacent to the pin inner sealing
surface 11. The parallel portion 131 has thread roots that are parallel to
the pipe axis CL. In the parallel portion 131, the thread roots have a
constant diameter. The thread crests in the parallel portion 131 need not be
parallel to the pipe axis CL.
[0047] The parallel portion 131 is located at the end of the inner male
thread 13 that is adjacent to the pin inner sealing surface 11. The parallel
portion 131 cover at least two pitches of the inner male thread 13 that are
located adjacent to the pin inner sealing surface 11. As such, in a
longitudinal cross-sectional view of the pin 1, the parallel portion 131
includes at least two thread roots 131a. In the present embodiment, in a
longitudinal cross-sectional view of the pin 1, the parallel portion 131
includes a plurality of thread roots 131a. The thread roots 131a in a
longitudinal cross-sectional view have the same diameter.
[0048] The tapered portion 132 is located outward of the parallel portion 131
as determined along the pipe axis direction. The tapered portion 132 is
located adjacent to the parallel portion 131. The tapered portion 132
extends to the outer end, as determined along the pipe-axis direction, of the
inner male thread 13. The tapered portion 132 has a thread diameter that
gradually increases as it goes outward along the pipe-axis direction. That is,
the tapered portion 132 is a portion generally constituted by a tapered male
thread. However, an end portion of the tapered portion 132 adjacent to the
pin shoulder surface 15 has a constant thread diameter. That is, in a
longitudinal cross-sectional view of the pin 1, an end portion of the tapered
portion 132 adjacent to the pin shoulder surface 15 includes a plurality of
thread crests with the same diameter (not shown).
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[0049] The tapered portion 231 of the inner female thread 23 of the box 2
corresponds to the parallel portion 131 of the inner male thread 13 of the pin
1. The tapered portion 232 of the inner female thread 23 corresponds to the
portion of the tapered portion 132 of the inner male thread 13 that has a
thread diameter increasing as it goes outward along the pipe-axis direction,
i.e. portion excluding the end portion adjacent to the pin shoulder surface 15.
The tapered portions 231 and 232 have a thread diameter that gradually
increases as it goes outward along the pipe-axis direction. The parallel
portion 233 of the inner female thread 23 (FIG. 1) corresponds to the end
portion of the tapered portion 132 adjacent to the pin shoulder surface 15.
The parallel portion 233 includes a plurality of thread crests with the same
diameter (not shown) in a longitudinal cross-sectional view of the box 2.
[0050] In a longitudinal cross-sectional view of the box 2, the tapered
portion 231 includes a plurality of thread crests 231a. In a longitudinal
cross-sectional view, thread crests 231a located inward as determined along
the pipe-axis direction have smaller diameters than thread crests 231a
located outward as determined along the pipe-axis direction. When the
connection has been made up, the thread crests 231a face the thread roots
131a of the parallel portion 131 of the inner male thread 13.

[0051] The thread height in the tapered portion 231 of the inner female
thread 23 is larger than the thread height in the parallel portion 131 of the
inner male thread 13. Thread height may be represented by load-flank
height, for example. That is, the difference between the outermost
diameter and innermost diameter of the load flank 231c in the tapered
portion 231 is larger than the difference between the outermost diameter
and innermost diameter in the load flank 131c of the corresponding parallel
portion 131.

[0052] The tapered portion 231 of the inner female thread 23 has an amount
of interference with respect to the parallel portion 131 of the inner male
thread 13. That is, when the connection is not made up, the diameter of the
thread roots 131a of the parallel portion 131 is larger than the minimum
diameter of the thread crests 231a of the corresponding tapered portion 231.
However, the amount of interference between the parallel portion 131 and
tapered portion 231 is smaller than the amount of interference between the
pin inner sealing surface 11 and box inner sealing surface 21.

[0053] The difference in diameter between adjacent thread crests 231a in
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the tapered portion 231 of the inner female thread 23 in a longitudinal
cross-sectional view of the box 2 when the connection is not made up will be
denoted by Da. The difference between the diameter of the thread roots
131a of the parallel portion 131 of the inner male thread 13 and the
maximum diameter of the pin inner sealing surface 11 in a longitudinal
cross-sectional view of the pin 1 when the connection is not made up will be
denoted by Db. The pin 1 and box 2 are designed such that Db 1s larger
than Da. That is, when the connection 1s not made up, Da<Db.

[0054] When the connection is not made up, the maximum diameter of the
pin inner sealing surface 11 is larger than the minimum diameter of the
thread crests 231a of the tapered portion 231. The maximum diameter of
the pin inner sealing surface 11 may be represented by, for example, the
diameter of the end, adjacent to the inner male thread 13, of the pin inner
sealing surface 11 having a diameter that substantially increases toward the
inner male thread 13. The maximum diameter of the pin inner sealing
surface 11 is smaller than the diameter of the thread roots 131a of the
parallel portion 131.

[0055] In the present embodiment, the pin 1 includes a cylindrical portion
16 located between the inner male thread 13 and pin inner sealing surface 11.
The cylindrical portion 16 has a substantially constant outer diameter. The
outer diameter of the cylindrical portion 16 is smaller than the diameter of
the thread roots 131a of the parallel portion 131. The outer diameter of the
cylindrical portion 16 is substantially equal to the maximum diameter of the
pin inner sealing surface 11. The outer peripheral surface of the cylindrical

portion 16 is not in contact with the box 2 when the connection has been
made up.

[0056] [Construction of Outer End Portion of Threaded Connection]

FIG. 3 is a longitudinal cross-sectional view of the outer end portion,
as determined along the pipe-axis direction, of the threaded connection 10,
as found when the connection is not made up.
[0057] As shown in FIG. 3, the parallel portion 241 is provided at the end of
the outer female thread 24 of the box 2 that is adjacent to the box outer
sealing surface 22. In the parallel portion 241, the thread roots are parallel
to the pipe axis CL. In the parallel portion 241, the thread roots have a
constant diameter. The thread crests in the parallel portion 241 need not be
parallel to the pipe axis CL.
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[0058] The parallel portion 241 is located at the end of the outer female
thread 24 adjacent to the box outer sealing surface 22. The parallel portion
241 covers at least two pitches of the outer female thread 24 that are
adjacent to the box outer sealing surface 22. Thus, in a longitudinal
cross-sectional view of the box 2, the parallel portion 241 includes two or
more thread roots 241b. In the present embodiment, in a longitudinal
cross-sectional view of the box 2, the parallel portion 241 includes a plurality
of thread roots 241b. The thread roots 241b in a cross-sectional view have
the same diameter.

[0059] The tapered portion 242 is located inward of the parallel portion 241
as determined along the pipe-axis direction. The tapered portion 242 is
located adjacent to the parallel portion 241. The tapered portion 242
extends to the inner end, as determined along the pipe-axis direction, of the
outer female thread 24. The tapered portion 242 has a thread diameter
that gradually increases as it goes outward along the pipe-axis direction.
That is, the tapered portion 242 is a portion generally constituted by a
tapered female thread. However, an end portion of the tapered portion 242
adjacent to the box shoulder surface 25 has a constant thread diameter.
That is, in a longitudinal cross-sectional view of the box 2, an end portion of
the tapered portion 242 adjacent to the box shoulder surface 25 includes a
plurality of thread roots with the same diameter (not shown).

[0060] The tapered portion 141 of the outer male thread 14 of the pin 1
corresponds to the parallel portion 241 of the outer female thread 24 of the
box 2. The tapered portion 142 of the outer male thread 14 corresponds to
the portion of the tapered portion 242 of the outer female thread 24 that has
a thread diameter increasing as it goes outward along the pipe-axis direction,
1.e. portion excluding the end portion adjacent to the box shoulder surface 25.
The tapered portions 141 and 142 have a thread diameter that gradually
Increases as it goes outward along the pipe-axis direction. The parallel
portion 143 of the outer male thread 14 (FIG. 1) corresponds to the end
portion of the tapered portion 242 adjacent to the box shoulder surface 25.
The parallel portion 143 includes a plurality of thread crests with the same
diameter (not shown) in a longitudinal cross-sectional view of the pin 1.
[0061] In a longitudinal cross-sectional view of the pin 1, the tapered portion
141 includes a plurality of thread crests 141b. In a longitudinal

cross-sectional view, thread crests 141a located outward as determined along
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the pipe-axis direction have larger diameters than thread crests 141b located
inward as determined along the pipe-axis direction. When the connection
has been made up, the thread crests 141b face the thread roots 241b of the
parallel portion 241 of the outer female thread 24.

[0062] The thread height in the parallel portion 241 of the outer female
thread 24 is larger than the thread height in the tapered portion 141 of the
outer male thread 14. For example, the difference between the outermost
diameter and innermost diameter of the load flank 241c¢ in the parallel
portion 241 1s larger than the difference between the outermost diameter
and innermost diameter in the load flank 141c¢ in the corresponding tapered
portion 141.

[0063] The parallel portion 241 of the outer female thread 24 has an amount
of interference with respect to the tapered portion 141 of the outer male
thread 14. That is, when the connection is not made up, the diameter of the
thread roots 241b of the parallel portion 241 is larger than the maximum
diameter of the thread crests 141b of the corresponding tapered portion 141.
However, the amount of interference between the parallel portion 241 and
tapered portion 141 is smaller than the amount of interference between the
box outer sealing surface 22 and the pin outer sealing surface 12.

[0064] The difference in diameter between adjacent thread crests 141b in
the tapered portion 141 of the outer male thread 14 in a longitudinal
cross-sectional view of the pin 1 when the connection is not made up will be
denoted by Dc.  The difference between the diameter of the thread roots
241b of the parallel portion 241 of the outer female thread 24 and the
minimum diameter of the box outer sealing surface 22 in a longitudinal
cross-sectional view of the box 2 when the connection is not made up will be
denoted by Dd. The pin 1 and box 2 are designed such that Dd is larger
than Dc. That is, De<Dd when the connection is not made up.

[0065] When the connection is not made up, the minimum diameter of the
box outer sealing surface 22 is larger than the maximum diameter of the
thread crests 141b of the tapered portion 141 of the outer male thread 14.
The minimum diameter of the box outer sealing surface 22 may be
represented by the diameter of the end, adjacent to the outer female thread
24, of the box outer sealing surface 22 having a diameter that substantially
decreases toward the outer female thread 24. The minimum diameter of
the box outer sealing surface 22 is larger than the diameter of the thread
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roots 241b of the parallel portion 241.

[0066] In the present embodiment, the box 2 includes a cylindrical portion
26 located between the outer female thread 24 and box outer sealing surface
22. The cylindrical portion 26 has a substantially constant inner diameter.
The inner diameter of the cylindrical portion 26 is larger than the diameter
of the thread roots 241b of the parallel portion 241. The inner diameter of
the cylindrical portion 26 is substantially equal to the minimum diameter of
the box inner sealing surface 22. The inner peripheral surface of the
cylindrical portion 26 is not in contact with the pin 1 when the connection
has been made up.

[0067] [Process of Make-up of Threaded Connection]

The threaded connection 10 constructed as described above prevents
the tip portion of the pin 1 from contacting the box 2 during make-up of the
pin 1 and box 2. The process of make-up of the pin 1 and box 2 will be
described below.

[0068] FIG. 4 is a longitudinal cross-sectional view of the pin 1 as
superimposed on the box 2, as found at various steps beginning with three
pitches before completion of make-up and ending with the completion of
make-up. FIG. 4 does not take the deformation of the pin 1 during make-up
into consideration and simply shows an as-designed pin 1 and box 2 (not
made up) superimposed upon each other.

[0069] As shown in FIG. 4, as the pin 1 is tightened into the box 2 without a
change to their representation in the design drawing, the pin inner sealing
surface 11 comes quite close to the inner female thread 23 of the box 2 in the
course of the make-up, and the pin inner sealing surface 11 contacts thread
crests of the inner female thread 23 that are located in the portions of the
inner female thread 23 having relatively small thread diameters. That is,
assuming no deformation of the pin 1, the pin inner sealing surface 11
strongly contacts the inner female thread 23 of the box 2 during make-up,
potentially causing galling.

[0070] In reality, during make-up, the presence of interference of the inner
threads and inner seal deforms the pin 1 such that its diameter decreases.
This point will be discussed with reference to FIGS. 5 to 8.

[0071] FIG. 5 is a longitudinal cross-sectional view of the pin 1 and box 2 as
found three pitches before completion of make-up during a real make-up
process. At the time of three pitches before completion of make-up, the
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innermost thread root 131a in the parallel portion 131 of the inner male
thread 13 of the pin 1 is not in contact with the inner female thread 23 of the
box 2. The pin inner sealing surface 11 is not in contact with the inner
female thread 23, either.

[0072] FIG. 6 is a longitudinal cross-sectional view of the pin 1 and box 2, as
found two pitches before completion of make-up during a real make-up
process. At the time of two pitches before completion of make-up, the
innermost thread root 131a in the parallel portion 131 contacts a thread
crest 231a in the tapered portion 231 of the inner female thread 23. This
causes the diameter of portions of the pin 1 that are near the pin inner
sealing surface 11 to decrease. As such, the pin inner sealing surface 11
does not contact the inner female thread 23.

[0073] As discussed above, the difference Db between the diameter of the
thread roots 131a of the parallel portion 131 and the maximum diameter of
the pin inner sealing surface 11 is larger than the difference Da between the
diameters of adjacent thread crests 231a in the tapered portion 231 (FIG. 2).
As such, during make-up, the parallel portion 131 contacts the tapered
portion 231 before the pin inner sealing surface 11 contacts the box 2. Once
a thread root 131a of the parallel portion 131 interferes with a thread crest
231a of the tapered portion 231, the pin inner sealing surface 11 does not
interfere with a crest of the tapered portion 231 until completion of make-up.
[0074] FIG. 7 is a longitudinal cross-sectional view of the pin 1 and box 2, as
found one pitch before completion of make-up during a real make-up process.
Even when the pin 1 continues to be screwed into the box 2, the innermost
thread root 131a in the parallel portion 131 of the inner male thread 13
continues to interfere with a thread crest 231a of the tapered portion 231 of
the inner female thread 23. As such, again, the pin inner sealing surface 11
does not contact the tapered portion 231.

[0075] FIG. 8 is a longitudinal cross-sectional view of the pin 1 and box 2 as
found upon completion of make-up. Upon completion of make-up, the pin
nner sealing surface 11 and box inner sealing surface 21 are in contact with
each other to form an inner seal. Since the amount of interference in the
inner seal is larger than the amount of interference between the parallel
portion 131 of the inner male thread 13 and the tapered portion 231 of the
inner female thread 23, upon completion of make-up, the thread roots 131a
of the parallel portion 131 are not in contact with the tapered portion 231.
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[0076] [Effects]

According to the present embodiment, the parallel portion 131 of the
inner male thread 13 of the pin 1 includes a plurality of thread roots 131a
that are parallel to the pipe axis CL and have the same diameter. On the
other hand, the tapered portion 231 of the inner female thread 23 of the box
2 has a thread diameter that decreases toward the box inner sealing surface
21. Further, the thread height for the tapered portion 231 is larger than the
thread height for the parallel portion 131. Thus, when the connection has
been made up, the gaps between thread crests 231a of the tapered portion
231 and thread roots 131a of the parallel portion 131 are relatively small.
As such, even if a load from the internal or external pressure is applied to the
threaded connection 10 and the pin 1 is deformed, thread roots 131a contact
thread roots 231a at an early stage. This reduces the deformation of
portions of the pin 1 near the inner seal, thereby providing high sealing
performance.

[0077] According to the present embodiment, thread crests in portions of the
inner female thread 23 of the box 2 that are adjacent to the inner seal are not
cut, and thus a sufficient thread height is provided. This increases the
length of the portions of the inner female thread and inner male thread 13
that completely engage each other. This reduces the deformation of the pin
1 or box 2 in response to a tensile and compression load, thereby providing
still higher sealing performance.

[0078] According to the present embodiment, the difference Db between the
diameter of the thread roots 131a of the parallel portion 131 of the inner
male thread 13 and the maximum diameter of the pin inner sealing surface
11 1s larger than the difference Da between the diameters of adjacent thread
crests 231a of the tapered portion 231 of the inner female thread 23. As
discussed above, this prevents the pin inner sealing surface 11 from
contacting the inner female thread 23 during make-up.

[0079] According to the present embodiment, a parallel portion 241 is also
provided for the outer female thread 24 of the box 2. The parallel portion
241 includes a plurality of thread roots 241b that are parallel to the pipe axis
CL and have the same diameter. On the other hand, the tapered portion
141 of the outer male thread 14 of the pin 1 has a thread diameter that
increases toward the pin outer sealing surface 12. The thread height for the
tapered portion 141 is smaller than the thread height for the parallel portion
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241. Thus, toward the connections outer end as determined along the
pipe-axis direction, the gaps between thread roots 241b of the parallel
portion 241 and thread crests 141b of the tapered portion 141 are relatively
small when the connection has been made up, thereby causing such roots
and crests to contact at an early stage during application of a load. Further,
the length of the portions of the outer male thread 14 and outer female
thread 24 that completely engage each other is increased. This reduces the
deformation of portions of the threaded connection 10 that are near the outer
seal, thereby further improving sealing performance.

[0080] According to the present embodiment, the difference Dd between the
diameter of the thread roots 241b of the parallel portion 241 of the outer
female thread 24 and the minimum diameter of the box outer sealing surface
22 is larger than the difference Dc between the diameters of adjacent thread
crests 141b of the tapered portion 141 of the outer male thread 14.

Although no detailed description thereof will be given since the principle
behind it is the same as that for the prevention of contact between the pin
inner sealing surface 11 and inner female thread 23, this construction
prevents the box outer sealing surface 21 from contacting the outer male
thread 24 during make-up.

[0081] Alternatively, no parallel portion 241 may be provided on the outer
female thread 24. That is, the entire outer female thread 24 may be
constituted by a tapered female thread.

[0082] Although embodiments have been described, the present disclosure is
not limited to the above-described embodiments, and various modifications
are possible without departing from the spirit of the disclosure.

EXAMPLES

[0083] To verify the effects of the threaded connection according to the
present disclosure, a numerical simulation analysis was conducted using the
elastic-plastic finite element method.

[0084] The elastic-plastic finite element analysis used a model of the
threaded connection (10) having the construction shown in FIGS. 1 to 3 as an
inventive example, and used as a comparative example a model of a threaded
connection having basically the same construction as the threaded
connection (10) except that thread crests in an inner end portion, as
determined along the pipe-axis direction, of the inner female thread (23) and
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an outer end portion, as determined along the pipe-axis direction, of the
outer male thread (14) had been cut. For each of the models of the inventive
and comparative examples, loads from the internal and external pressures
complying with ISO 13679 CAL IV: 2011 were applied, and the resulting
amounts of plastic deformation were compared.

[0085] FIGS. 9 and 10 are graphs each showing the amount of plastic
deformation (i.e. amount of plastic distortion) upon application of internal
and external pressures for each of the inventive and comparative examples.
FIG. 9 shows the amount of plastic distortion of the pin (1) as measured at a
position adjacent to the inner end as determined along the pipe-axis
direction (i.e. position at which the distortion of the inner peripheral surface
of the pin (1) is at the maximum). FIG. 10 shows the amount of plastic
distortion of the box (2) as measured at the position of the critical cross
section of the pin (1) and box (2) (i.e. position of the engagement edge
between the inner male thread (13) and inner female thread (23).

[0086] FIG. 9 demonstrates that the amount of plastic distortion of the
inventive examples was smaller than that for the comparative example with
cut thread crests, especially toward the inner periphery of the pin (1), since
the thread height for the tapered portion (231) of the inner female thread
(23) was larger than the thread height for the corresponding parallel portion
(131) of the inner male thread (13). Further, FIG. 10 demonstrates that the
amount of plastic distortion of the box (2) for the inventive example was
smaller than that for the comparative example.

[0087] These results demonstrate that the threaded connection according to
the present disclosure reduces the amount of plastic deformation of portions
near the seals, thereby providing high sealing performance.
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CLAIMS

1. A threaded connection for connecting steel pipes, comprising:

a pin constituting a pipe end portion of one steel pipe; and

a box constituting a pipe end portion of another steel pipe, the pin
being inserted into the box such that the box and the pin are made up,

wherein the pin includes:

a pin inner sealing surface formed on an outer periphery of the pin at
a tip portion thereof;

a pin outer sealing surface formed on the outer periphery of the pin
at an end portion thereof adjacent to a pipe body of the one steel pipe;

an inner male thread located between the pin inner sealing surface
and the pin outer sealing surface, the inner male thread being formed on the
outer periphery of the pin;

an outer male thread located between the pin inner sealing surface
and the pin outer sealing surface and closer to the pin outer sealing surface
than the inner male thread, the outer male thread being formed on the outer
periphery of the pin; and

a pin shoulder surface located between the inner male thread and the
outer male thread, the pin shoulder surface being formed on the outer
periphery of the pin,

the box includes:

a box inner sealing surface formed on an inner periphery of the box to
correspond to the pin inner sealing surface, the box inner sealing surface
being in contact with the pin inner sealing surface when the connection has
been made up;

a box outer sealing surface formed on the inner periphery of the box
to correspond to the pin outer sealing surface, the box outer sealing surface
being in contact with the pin outer sealing surface when the connection has
been made up;

an inner female thread formed on the inner periphery of the box to
correspond to the inner male thread, the inner female thread mating with
the inner male thread when the connection has been made up;

an outer female thread formed on the inner periphery of the box to
correspond to the outer male thread, the outer female thread mating with
the outer male thread when the connection has been made up; and

a box shoulder surface formed on the inner periphery of the box to
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correspond to the pin shoulder surface, the box shoulder surface being in
contact with the pin shoulder surface when the connection has been made
up,

wherein the inner male thread includes a first parallel portion
located at an end portion of the inner male thread adjacent to the pin inner
sealing surface, the first parallel portion including a plurality of thread roots
parallel to a pipe axis of the one steel pipe in a longitudinal cross-sectional
viéw of the pin, the thread roots having the same diameter,

the inner female thread includes a first tapered portion facing the
first parallel portion when the connection has been made up, the first
tapered portion having a thread height larger than that in the first parallel
portion and a thread diameter decreasing toward the box inner sealing
surface,

the pin inner sealing surface has a maximum diameter larger than a
minimum diameter of a thread crest in the first tapered portion, and

Da<Db 1s satisfied, where Da is a difference in diameter between
adjacent thread crests in the first tapered portion in a longitudinal cross
section of the pin and the box as found when the connection is not made up,
and Db is a difference between the diameter of the thread roots in the first
parallel portion and the maximum diameter of the pin inner sealing surface.

2. The threaded connection according to claim 1, wherein the outer
female thread includes a second parallel portion located at an end portion of
the outer female thread adjacent to the box outer sealing surface, the second
parallel portion including a plurality of thread roots parallel to a pipe axis of
the other steel pipe in a longitudinal cross-sectional view of the box, the
thread roots having the same diameter,

the outer male thread includes a second tapered portion facing the
second parallel portion when the connection has been made up, the second
tapered portion having a thread height smaller than that in the second
parallel portion and a thread diameter increasing toward the pin outer
sealing surface,

the box outer sealing surface has a minimum diameter larger than a
maximum diameter of a thread crest in the second tapered portion, and

Dc<Dd is satisfied, where Dc is a difference in diameter between

adjacent thread crests in the second tapered portion in a longitudinal cross
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section of the pin and the box as found when the connection is not made up,
and Dd is a difference between the diameter of the thread roots in the second
parallel portion and the minimum diameter of the box outer sealing surface.

25



CA 03047916 2019-06-20

NSSMC Ref. :FP171851

-102AA263P1

Intelix Ref.

r 3
Lel (4%

\
Gl eyl 44BN 71

{ ! {
q Y

Zd l¢d

A
/
e _mm NWN mmm ; \ x « v I1d /
N o Ge g w1t 44 td
£¢ l|<||vm

| D14



FIG. 2

231

232

CA 03047916 2019-06-20

NSSMC Ref. :FP171851
Intelix Ref. 1102AA263P1




CA 03047916 2019-06-20

NSSMC Ref. (FP171851

Intelix Ref

“102AA263P1

10—

—~(

¢

vl
Is - =
i 5l
Sl
qiLyl

oﬁvwk\g—vm

105

5Q

9¢

éc

¢ 914



CA 03047916 2019-06-20

NSSMC Ref :FP171851

“102AA263P1

Intelix Ref.

dN-3IMVIN 40 NOILITdWOD NOdN(1l) NId —-—
HOId SIHOLId FFHHL(L) NId -----

HOldd SIHOLId OML(1) NId —--—

dOMd HO1Id INO'(1) NId -—--

(¢) X049 ——

¥ 914



CA 03047916 2019-06-20

NSSMC Ref. :FP171851

Intelix Ref.

" 102AA263P1

el

ELel

HOMd SIHOLId 33YHL (1) NId -----
(¢) X089 —

G 9I4



CA 03047916 2019-06-20

NSSMC Ref. (FP171851

“102AA263P1

Intelix Ref.

IEL BLEIL

dOd SIHOLId OML" (1) NId —--—
() X08 —

9 DI4



CA 03047916 2019-06-20

NSSMC Ref :FP171851

“102AA263P1

[ntelix Ref

ELEIL

LE1

——

HOIdd HOLId INO’ (1) NId -—--
(¢) X0d —

R4

84

L 914



FIG. 8

BOX (2)
-== PIN (1),UPON COMPLETION OF MAKE-UP

CA 03047916 2019-06-20

231

NSSMC Ref. (FP171851

Intelix Ref

i
131a

31

1

“102AA263P1



CA 03047916 2019-06-20

NSSMC Ref. :FP171851
Intelix Ref. :102AA263P1

FIG. 9
[POSITION FOR MAXIMUM AMOUNT OF
DISTORTION OF PIN INNER PERIPHERY]
-<-- COMPARATIVE
—— INVENTIVE
RADIAL
AMOUNT ..
OF PLASTIC s
DISTORTION .
T T ~|~ Y .l‘xl'll T
PIN INNER X COORDINATE PIN OUTER
PERIPHERY (RADIAL DIRECTION) PERIPHERY

(THREAD SURFACE)



CA 03047916 2019-06-20

NSSMC Ref. :FP171851
Intelix Ref. :102AA263P1

FIG. 10

[POSITION OF CRITICAL
CROSS SECTION OF BOX]

---- COMPARATIVE

— INVENTIVE

RADIAL /
AMOUNT t \
OF PLASTIC
DISTORTION [ \\
N =
X COORDINATE 50X OUTER
PERIPHERY

BOX INNER PERIPHERY
(RADIAL DIRECTION)

(THREAD SURFACE)






	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - CLAIMS
	Page 26 - CLAIMS
	Page 27 - CLAIMS
	Page 28 - DRAWINGS
	Page 29 - DRAWINGS
	Page 30 - DRAWINGS
	Page 31 - DRAWINGS
	Page 32 - DRAWINGS
	Page 33 - DRAWINGS
	Page 34 - DRAWINGS
	Page 35 - DRAWINGS
	Page 36 - DRAWINGS
	Page 37 - DRAWINGS
	Page 38 - REPRESENTATIVE_DRAWING

