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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a threaded
connection, and more particularly to a threaded connec-
tion for connecting steel pipes.

BACKGROUND ART

[0002] US 5 687 999 A discloses a joint of the integral
type includes a male element and a female element with
a diameter close to that of the tubes. Each of the elements
has two shifted frustoconical threaded sections with van-
ishing threads at the two ends, by virtue of convergences
of frustoconical envelope surfaces and cylindrical surfac-
es. A central abutment cooperates with the negative-
flank threads to reinforce the male/female connection
and two internal and external ring-shaped metal/metal
tightness zones, preventing the penetration of fluid into
the threaded zones from the ends. The threaded joint
may be used with tubes for very deep wells for which the
reduction of the diameter of the assemblies makes it pos-
sible to lower costs, and other tubes for which a problem
of the same type may arise.
[0003] Steel pipes called oil country tubular goods are
used in oil wells and natural-gas wells (hereinafter col-
lectively 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.
[0004] Threaded connections are generally catego-
rized 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 oil country tubular good,
and a male thread is provided on the outer periphery of
a pipe end of another oil 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 tu-
bular good, and such a male thread is screwed into each
of the female threads such that the oil country tubular
goods are connected.
[0005] 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 re-
ferred 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".
[0006] In recent years, as oil wells have become deep-
er 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, for example, and thus is usually called
semi-flush-type or flush-type (hereinafter collectively re-
ferred to as semi-flush-type) connection.
[0007] 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 con-
stant 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

[0008] Typically, a threaded connection is required to
have high sealing performance. A semi-flush-type
threaded connection needs to provide high sealing per-
formance 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.
[0009] An object of the present disclosure is to provide
a threaded connection that provides high sealing per-
formance.
[0010] A threaded connection according to the present
disclosure connects steel pipes. The threaded connec-
tion 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 seal-
ing 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 adja-
cent 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 sur-
face 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
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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 pe-
riphery 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 con-
nection 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 con-
nection has been made up. The inner male thread in-
cludes a first parallel portion. The first parallel portion is
located at an end portion of the inner male thread adja-
cent 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 in-
cludes 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 be-
tween the diameter of the thread roots in the first parallel
portion and a maximum diameter of the pin inner sealing
surface.
[0011] The threaded connection according to the
present disclosure provides high sealing performance.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

[FIG. 1] FIG. 1 is a schematic longitudinal cross-sec-
tional 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 end-
ing 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 proc-
ess.
[FIG. 6] FIG. 6 is a longitudinal cross-sectional view
of the pin and box, as found two pitches before com-
pletion 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 com-
pletion 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
examples.

EMBODIMENTS FOR CARRYING OUT THE INVEN-
TION

[0013] 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.
[0014] In a threaded connection to which an internal
pressure and an external pressure are applied, it is pref-
erable 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 maxi-
mize the wall thickness of the pin as measured at the
inner seal in order to prevent decrease in sealing per-
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formance against the inner pressure.
[0015] 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 par-
allel 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 por-
tion 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.
[0016] However, in the threaded connection of Japa-
nese 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 per-
formance when repeated loads are applied.
[0017] For example, when mainly a load from the in-
ternal pressure is 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 thread crests or thread roots of the male thread con-
tact 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 appli-
cation of a load is large, as well. When a load is applied
repeatedly, plastic deformation accumulates, resulting in
a decrease in the sealing performance of the threaded
connection. As discussed above, in recent years, de-
mand for resistance to repeated loads, among other pa-
rameters, has been growing, and high sealing perform-
ance must be maintained even when a load is applied
repeatedly to the threaded connection.
[0018] Based on the above-discussed findings, the
present inventors arrived at the threaded connection ac-
cording to the embodiment.
[0019] A threaded connection according to the embod-
iment connects steel pipes. The threaded connection in-
cludes 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 adja-
cent 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 sur-
face 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 pe-
riphery 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 con-
nection 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 con-
nection has been made up. The inner male thread in-
cludes a first parallel portion. The first parallel portion is
located at an end portion of the inner male thread adja-
cent 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 differ-
ence 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 max-
imum diameter of the pin inner sealing surface (first ar-
rangement).
[0020] 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 par-
allel 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
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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 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 connec-
tion, thread crests or thread roots of the first parallel por-
tion of the inner male thread contact the inner female
thread when the load is still low, thereby limiting the de-
formation of portions near the inner seal. This will reduce
the amount of accumulation of plastic deformation, there-
by providing high sealing performance even when a load
from the internal or external pressure is repeatedly ap-
plied to the threaded connection.
[0021] 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 arrange-
ments 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 per-
formance.
[0022] 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.
[0023] Starting from the above-described threaded
connection, the outer female thread may include a sec-
ond parallel portion, and the outer male thread may in-
clude a second tapered portion. The second parallel por-
tion 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 por-
tion and a thread diameter increasing toward the pin outer
sealing surface. The box outer sealing surface has a min-
imum diameter larger than a maximum diameter in a
thread crest of the second tapered portion. Dc<Dd is sat-
isfied, where Dc is a difference in diameter between ad-
jacent 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 is a differ-
ence between the diameter of the thread roots in the sec-
ond parallel portion and a minimum diameter of the box

outer sealing surface (second arrangement).
[0024] 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 sec-
ond tapered portion of the outer male thread facing that
second parallel portion. Thus, the gap between the sec-
ond 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 ap-
plied 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 thread-
ed connection near the outer sealing portion, thereby fur-
ther improving sealing performance.
[0025] Embodiments will now be described with refer-
ence to the drawings. The same and corresponding el-
ements in the drawings are labeled with the same char-
acters, and the same description will not be repeated.
For ease of explanation, the drawings may show ele-
ments in a simplified or schematic manner, or may not
show some elements.

[Overall Construction of Threaded Connection]

[0026] FIG. 1 is a schematic longitudinal cross-section-
al view of a threaded connection 10 according to an em-
bodiment. The threaded connection 10 connects steel
pipes P1 and P2. Longitudinal cross-sectional view
means a cross-sectional view taken along a plane con-
taining the pipe axis CL of the steel pipes P1 and P2.
[0027] 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 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 is an integral-type threaded connection.
[0028] 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.
[0029] 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
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inner or inward, and being located further toward the pipe
body P11 may be referred to as outer or outward.
[0030] 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 in-
creasing toward the inner male thread 13.
[0031] 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.
[0032] 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.
[0033] The inner male thread 13 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.
[0034] The outer male thread 14 is located between
the pin inner sealing surface 11 and pin outer sealing
surface 12 and closer to the pin outer sealing surface 12
than the inner male thread 13 is. 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.
[0035] 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 di-
rection. 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.
[0036] 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.
[0037] 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.
[0038] 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 diam-
eter 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 ad-
hesion 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.
[0039] 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 sealing surface
22 has a diameter that generally increases as it goes
outward along the pipe-axis direction. The box outer seal-
ing surface 22 is in contact with the pin outer sealing
surface 12 when the connection has been made up.
[0040] 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 diam-
eter 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 ad-
hesion 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.
[0041] 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.
[0042] 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 ta-
pered 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.
[0043] 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 con-
nection has been made up, the outer female thread 24,
together with the outer male thread 14, forms an outer
seal.
[0044] The box shoulder surface 25 is formed on the
inner periphery of the box 2 to correspond to the pin shoul-
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der surface 15. The box shoulder surface 25 is a toroidal
surface crossing the pipe-axis direction. The box shoul-
der 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
the pin shoulder surface 15. The box shoulder surface
25 has a shape that allows surface contact with the pin
shoulder surface 15.
[0045] 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 assem-
bly.

[Construction of Inner End Portion of Threaded Connec-
tion]

[0046] 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.
[0047] 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.
[0048] 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 par-
allel portion 131 includes at least two thread roots 131a.
In the present embodiment, in a longitudinal cross-sec-
tional 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 diam-
eter.
[0049] 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 di-
rection, 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 longitu-
dinal cross-sectional view of the pin 1, an end portion of
the tapered portion 132 adjacent to the pin shoulder sur-
face 15 includes a plurality of thread crests with the same
diameter (not shown).

[0050] 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 exclud-
ing the end portion adjacent to the pin shoulder surface
15. The tapered portions 231 and 232 have a thread di-
ameter 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.
[0051] 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 par-
allel portion 131 of the inner male thread 13.
[0052] 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 outer-
most diameter and innermost diameter of the load flank
231c in the tapered portion 231 is larger than the differ-
ence between the outermost diameter and innermost di-
ameter in the load flank 131c of the corresponding par-
allel portion 131.
[0053] 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.
[0054] The difference in diameter between adjacent
thread crests 231a in 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-sec-
tional view of the pin 1 when the connection is not made
up will be denoted by Db. The pin 1 and box 2 are de-
signed such that Db is larger than Da. That is, when the
connection is not made up, Da<Db.

11 12 



EP 3 572 703 B1

8

5

10

15

20

25

30

35

40

45

50

55

[0055] When the connection is not made up, the max-
imum 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.
[0056] 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.

[Construction of Outer End Portion of Threaded Connec-
tion]

[0057] 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.
[0058] 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.
[0059] The parallel portion 241 is located at the end of
the outer female thread 24 adjacent to the box outer seal-
ing surface 22. The parallel portion 241 covers at least
two pitches of the outer female thread 24 that are adja-
cent to the box outer sealing surface 22. Thus, in a lon-
gitudinal 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 plu-
rality of thread roots 241b. The thread roots 241b in a
cross-sectional view have the same diameter.
[0060] 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 di-
rection, 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 longitu-
dinal cross-sectional view of the box 2, an end portion of
the tapered portion 242 adjacent to the box shoulder sur-
face 25 includes a plurality of thread roots with the same
diameter (not shown).
[0061] 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 ta-
pered portion 142 of the outer male thread 14 corre-
sponds to the portion of the tapered portion 242 of the
outer female thread 24 that has a thread diameter in-
creasing as it goes outward along the pipe-axis direction,
i.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 in-
cludes a plurality of thread crests with the same diameter
(not shown) in a longitudinal cross-sectional view of the
pin 1.
[0062] 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 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.
[0063] 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 di-
ameter and innermost diameter of the load flank 241c in
the parallel portion 241 is larger than the difference be-
tween the outermost diameter and innermost diameter
in the load flank 141c in the corresponding tapered por-
tion 141.
[0064] 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.
[0065] 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
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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-sec-
tional view of the box 2 when the connection is not made
up will be denoted by Dd. The pin 1 and box 2 are de-
signed such that Dd is larger than Dc. That is, Dc<Dd
when the connection is not made up.
[0066] When the connection is not made up, the min-
imum 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 sur-
face 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 min-
imum diameter of the box outer sealing surface 22 is
larger than the diameter of the thread roots 241b of the
parallel portion 241.
[0067] 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 cylin-
drical portion 26 has a substantially constant inner diam-
eter. 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.

[Process of Make-up of Threaded Connection]

[0068] The threaded connection 10 constructed as de-
scribed 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.
[0069] 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 com-
pletion 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) superim-
posed upon each other.
[0070] 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 di-
ameters. 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, po-
tentially causing galling.

[0071] In reality, during make-up, the presence of in-
terference 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.
[0072] FIG. 5 is a longitudinal cross-sectional view of
the pin 1 and box 2 as found three pitches before com-
pletion of make-up during a real make-up process. At the
time of three pitches before completion of make-up, the
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.
[0073] FIG. 6 is a longitudinal cross-sectional view of
the pin 1 and box 2, as found two pitches before com-
pletion 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.
[0074] As discussed above, the difference Db between
the diameter of the thread roots 131a of the parallel por-
tion 131 and the maximum diameter of the pin inner seal-
ing surface 11 is larger than the difference Da between
the diameters of adjacent thread crests 231a in the ta-
pered portion 231 (FIG. 2). As such, during make-up, the
parallel portion 131 contacts the tapered portion 231 be-
fore the pin inner sealing surface 11 contacts the box 2.
Once a thread root 131a of the parallel portion 131 inter-
feres 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.
[0075] 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.
[0076] 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 inner 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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[Effects]

[0077] According to the present embodiment, the par-
allel 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 de-
creases 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 be-
tween 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 deforma-
tion of portions of the pin 1 near the inner seal, thereby
providing high sealing performance.
[0078] 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.
[0079] According to the present embodiment, the dif-
ference 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 sur-
face 11 is larger than the difference Da between the di-
ameters 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.
[0080] 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 plu-
rality 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 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 oth-
er is increased. This reduces the deformation of portions
of the threaded connection 10 that are near the outer

seal, thereby further improving sealing performance.
[0081] According to the present embodiment, the dif-
ference 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 sur-
face 22 is larger than the difference Dc between the di-
ameters of adjacent thread crests 141b of the tapered
portion 141 of the outer male thread 14. Although no de-
tailed 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 seal-
ing surface 21 from contacting the outer male thread 24
during make-up.
[0082] 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.
[0083] Although embodiments have been described,
the present disclosure is not limited to the above-de-
scribed embodiments, and various modifications are
possible without departing from the scope of the claims.

EXAMPLES

[0084] To verify the effects of the threaded connection
according to the present disclosure, a numerical simula-
tion analysis was conducted using the elastic-plastic fi-
nite element method.
[0085] The elastic-plastic finite element analysis used
a model of the threaded connection (10) having the con-
struction shown in FIGS. 1 to 3 as an inventive example,
and used as a comparative example a model of a thread-
ed 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 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 re-
sulting amounts of plastic deformation were compared.
[0086] FIGS. 9 and 10 are graphs each showing the
amount of plastic deformation (i.e. amount of plastic dis-
tortion) upon application of internal and external pres-
sures for each of the inventive and comparative exam-
ples. 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. po-
sition at which the distortion of the inner peripheral sur-
face 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 be-
tween the inner male thread (13) and inner female thread
(23).
[0087] FIG. 9 demonstrates that the amount of plastic
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distortion of the inventive examples was smaller than that
for the comparative example with cut thread crests, es-
pecially 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 ex-
ample.
[0088] 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.

Claims

1. A threaded connection: (10) for connecting steel
pipes, comprising:

a steel pipe with a pin (1) constituting its pipe
end portion ; and
another steel pipe with a box (2) constituting its
pipe end portion, 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 (11) formed on an
outer periphery of the pin at a tip portion thereof;
a pin outer sealing surface (12) formed on the
outer periphery of the pin at an end portion there-
of adjacent to a pipe body of the one steel pipe;
an inner male thread (13) located between the
pin inner sealing surface and the pin outer seal-
ing surface, the inner male thread being formed
on the outer periphery of the pin;
an outer male thread (14) located between the
pin inner sealing surface and the pin outer seal-
ing 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 (15) 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 (21) formed on an
inner periphery of the box to correspond to the
pin inner sealing surface (11), the box inner seal-
ing surface being in contact with the pin inner
sealing surface when the connection has been
made up;
a box outer sealing surface (22) formed on the

inner periphery of the box to correspond to the
pin outer sealing surface (12), the box outer
sealing surface being in contact with the pin out-
er sealing surface when the connection has
been made up;
an inner female thread (23) 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 (24) 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 (25) formed on the inner
periphery of the box to correspond to the pin
shoulder surface, the box shoulder surface be-
ing in contact with the pin shoulder surface when
the connection has been made up,

wherein the inner male thread (13) includes a first
parallel portion (131) 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 (131a) parallel to a pipe axis of the
one steel pipe in a longitudinal cross-sectional view
of the pin, the thread roots having the same diameter,
the inner female thread: (23) includes a first tapered
portion (231) facing the first parallel portion (131)
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 (11) has a maximum
diameter larger than a minimum diameter of a thread
crest (231a) in the first tapered portion, and
Da<Db is satisfied, where Da is a difference in di-
ameter between adjacent thread crests (231a) in the
first tapered portion (231) in a longitudinal cross sec-
tion of the pin and the box as found when the con-
nection is not made up, and Db is a difference be-
tween the diameter of the thread roots (131a) in the
first parallel portion (131) and the maximum diameter
of the pin inner sealing surface (11).

2. The threaded connection according to claim 1,
wherein the outer female thread (24) includes a sec-
ond parallel portion (241) 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 (241b) 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 (14) includes
a second tapered portion (141) facing the second
parallel portion (241) when the connection has been
made up, the second tapered portion (141) having
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a thread height smaller than that in the second par-
allel portion (241) and a thread diameter increasing
toward the pin outer sealing surface, the box outer
sealing surface (22) has a minimum diameter larger
than a maximum diameter of a thread crest (141b)
in the second tapered portion (141), and Dc<Dd is
satisfied, where Dc is a difference in diameter be-
tween adjacent thread crests (141b) in the second
tapered portion (141) in a longitudinal cross 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 (241b) in the second
parallel portion (241) and the minimum diameter of
the box outer sealing surface (22).

Patentansprüche

1. Gewindeverbindung (10) zum Verbinden von Stahl-
rohren, die Folgendes umfasst:

ein Stahlrohr mit einem Stift (1), der seinen Roh-
rendabschnitt bildet, und
ein anderes Stahlrohr mit einem Gehäuse (2),
der seinen Rohrendabschnitt bildet, wobei der
Stift so in das Gehäuse eingeführt wird, dass
das Gehäuse und der Stift verbunden werden,
wobei der Stift Folgendes umfasst:

eine innere Dichtfläche (11) des Stifts, die
an einem Außenumfang des Stifts an einem
Spitzenabschnitt davon gebildet ist;
eine äußere Dichtfläche (12) des Stifts, die
am Außenumfang des Stifts an einem En-
dabschnitt davon neben einem Rohrkörper
des einen Stahlrohrs gebildet ist;
ein inneres Außengewinde (13), das zwi-
schen der inneren Dichtfläche des Stifts und
der äußeren Dichtfläche des Stifts angeord-
net ist; wobei das innere Außengewinde am
Außenumfang des Stifts gebildet ist;
ein äußeres Außengewinde (14), das zwi-
schen der inneren Dichtfläche des Stifts und
der äußeren Dichtfläche des Stifts und nä-
her an der äußeren Dichtfläche des Stifts
als am inneren Außengewinde angeordnet
ist, wobei das äußere Außengewinde am
Außenumfang des Stifts gebildet ist; und
eine Schulterfläche (15) des Stifts, die sich
zwischen dem inneren Außengewinde und
dem äußeren Außengewinde befindet, wo-
bei die Schulterfläche des Stifts am Außen-
umfang des Stifts gebildet ist,

wobei das Gehäuse Folgendes umfasst:

eine innere Dichtfläche (21) des Gehäuses,
die an einem inneren Umfang des Gehäu-

ses gebildet ist, um der inneren Dichtfläche
(11) des Stifts zu entsprechen, wobei die
innere Dichtfläche des Gehäuses mit der in-
neren Dichtfläche des Stifts in Kontakt
steht, wenn die Verbindung hergestellt wur-
de;
eine äußere Dichtfläche (22) des Gehäu-
ses, die am inneren Umfang des Gehäuses
gebildet ist, um der äußeren Dichtfläche
(12) des Stifts zu entsprechen, wobei die
äußere Dichtfläche des Gehäuses mit der
äußeren Dichtfläche des Stifts in Kontakt
steht, wenn die Verbindung hergestellt wur-
de;
ein inneres Innengewinde (23), das am in-
neren Umfang des Gehäuses gebildet ist,
um dem inneren Außengewinde zu entspre-
chen, wobei das innere Innengewinde mit
dem inneren Außengewinde zusammen-
passt, wenn die Verbindung hergestellt wur-
de;
ein äußeres Innengewinde (24), das am in-
neren Umfang des Gehäuses gebildet ist,
um dem äußeren Außengewinde zu ent-
sprechen, wobei das äußere Innengewinde
mit dem äußeren Außengewinde zusam-
menpasst, wenn die Verbindung hergestellt
wurde; und
eine Schulterfläche (25) des Gehäuses, die
am inneren Umfang des Gehäuses gebildet
ist, um der Schulterfläche des Stifts zu ent-
sprechen, wobei die Schulterfläche des Ge-
häuses mit der Schulterfläche des Stifts in
Kontakt steht, wenn die Verbindung herge-
stellt wurde,
wobei das innere Außengewinde (13) einen
ersten parallelen Abschnitt (131) umfasst,
der an einem Endabschnitt des inneren Au-
ßengewindes neben der inneren Dichtflä-
che des Stifts angeordnet ist, wobei der ers-
te parallele Abschnitt eine Vielzahl von Ge-
windewurzeln (131a) parallel zu einer Rohr-
achse des einen Stahlrohrs in einer Längs-
querschnittsansicht des Stifts umfasst, wo-
bei die Gewindewurzeln den gleichen
Durchmesser aufweisen,
wobei das innere Innengewinde (23) einen
ersten sich verjüngenden Abschnitt (231)
umfasst, der dem ersten parallelen Ab-
schnitt (131) zugewandt ist, wenn die Ver-
bindung hergestellt wurde, wobei der erste
sich verjüngende Abschnitt eine Gewinde-
höhe aufweist, die größer als die des ersten
parallelen Abschnitts ist, und einen Gewin-
dedurchmesser aufweist, der zur inneren
Dichtfläche des Gehäuses hin abnimmt;
wobei die innere Dichtfläche (11) des Stifts
einen maximalen Durchmesser aufweist,

21 22 



EP 3 572 703 B1

13

5

10

15

20

25

30

35

40

45

50

55

der größer als ein minimaler Durchmesser
eines Gewindekamms (231a) im ersten sich
verjüngenden Abschnitt ist, und
wobei Da < Db erfüllt ist, wobei Da eine Dif-
ferenz im Durchmesser zwischen benach-
barten Gewindekämmen (231a) im ersten
sich verjüngenden Abschnitt (231) in einem
Längsquerschnitt des Stifts und des Gehäu-
ses ist, die vorliegt, wenn die Verbindung
nicht hergestellt ist, und wobei Db eine Dif-
ferenz zwischen dem Durchmesser der Ge-
windewurzeln (131a) im ersten parallelen
Abschnitt (131) und dem maximalen Durch-
messer der inneren Dichtfläche (11) des
Stifts ist.

2. Gewindeverbindung nach Anspruch 1, wobei das
äußere Innengewinde (24) einen zweiten parallelen
Abschnitt (241) umfasst, der an einem Endabschnitt
des äußeren Innengewindes neben der äußeren
Dichtfläche des Gehäuses angeordnet ist, wobei der
zweite parallele Abschnitt eine Vielzahl von Gewin-
dewurzeln (241b) parallel zu einer Rohrachse des
anderen Stahlrohrs in einer Längsquerschnittsan-
sicht des Gehäuses umfasst, wobei die Gewinde-
wurzeln den gleichen Durchmesser aufweisen,
wobei das äußere Außengewinde (14) einen zweiten
sich verjüngenden Abschnitt (141) umfasst, der dem
zweiten parallelen Abschnitt (241) zugewandt ist,
wenn die Verbindung hergestellt wurde, wobei der
zweite sich verjüngende Abschnitt (141) eine Gewin-
dehöhe aufweist, die kleiner als die des zweiten pa-
rallelen Abschnitts (241) ist, und einen Gewinde-
durchmesser aufweist, der zur äußeren Dichtfläche
des Stifts hin zunimmt;
wobei die äußere Dichtfläche (22) des Gehäuses ei-
nen minimalen Durchmesser aufweist, der größer
als ein maximaler Durchmesser eines Gewinde-
kamms (141b) im zweiten sich verjüngenden Ab-
schnitt (141) ist, und
wobei Dc < Dd erfüllt ist, wobei De eine Differenz im
Durchmesser zwischen benachbarten Gewinde-
kämmen (141b) im zweiten sich verjüngenden Ab-
schnitt (141) in einem Längsquerschnitt des Stifts
und des Gehäuses ist, die vorliegt, wenn die Verbin-
dung nicht hergestellt ist, und wobei Dd eine Diffe-
renz zwischen dem Durchmesser der Gewindewur-
zeln (241b) im zweiten parallelen Abschnitt (241)
und dem minimalen Durchmesser der äußeren
Dichtfläche (22) des Gehäuses ist.

Revendications

1. Raccord fileté (10) pour raccorder des tuyaux
d’acier, comprenant :

un tuyau d’acier avec une partie à filetage mâle

(1) constituant sa portion d’extrémité de tuyau ;
et
un autre tuyau d’acier avec une partie à filetage
femelle (2) constituant sa portion d’extrémité de
tuyau, la partie à filetage mâle étant insérée
dans la partie à filetage femelle de telle sorte
que la partie à filetage femelle et la partie à file-
tage mâle soient composées, dans lequel la par-
tie à filetage mâle inclut :

une surface d’étanchéité intérieure de par-
tie à filetage mâle (11) formée sur une pé-
riphérie extérieure de la partie à filetage mâ-
le à une portion d’embout de celle-ci ;
une surface d’étanchéité extérieure de par-
tie à filetage mâle (12) formée sur la péri-
phérie extérieure de la partie à filetage mâle
à une portion d’extrémité de celle-ci adja-
cente à un corps de tuyau de l’un tuyau
d’acier ;
un filet mâle intérieur (13) situé entre la sur-
face d’étanchéité intérieure de partie à file-
tage mâle et la surface d’étanchéité exté-
rieure de partie à filetage mâle, le filet mâle
intérieur étant formé sur la périphérie exté-
rieure de la partie à filetage mâle ;
un filet mâle extérieur (14) situé entre la sur-
face d’étanchéité intérieure de partie à file-
tage mâle et la surface d’étanchéité exté-
rieure de partie à filetage mâle et plus près
de la surface d’étanchéité extérieure de par-
tie à filetage mâle que le filet mâle intérieur,
le filet mâle extérieur étant formé sur la pé-
riphérie extérieure de la partie à filetage
mâle ; et
une surface d’épaulement de partie à file-
tage mâle (15) située entre le filet mâle in-
térieur et le filet mâle extérieur, la surface
d’épaulement de partie à filetage mâle étant
formée sur la périphérie extérieure de la
partie à filetage mâle,
la partie à filetage femelle inclut
une surface d’étanchéité intérieure de par-
tie à filetage femelle (21) formée sur une
périphérie intérieure de la partie à filetage
femelle pour correspondre à la surface
d’étanchéité intérieure de partie à filetage
mâle (11), la surface d’étanchéité intérieure
de partie à filetage femelle étant en contact
avec la surface d’étanchéité intérieure de
partie à filetage mâle lorsque le raccord a
été composé ;
une surface d’étanchéité extérieure de par-
tie à filetage femelle (22) formée sur la pé-
riphérie intérieure de la partie à filetage fe-
melle pour correspondre à la surface
d’étanchéité extérieure de partie à filetage
mâle (12),
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la surface d’étanchéité extérieure de partie
à filetage femelle étant en contact avec la
surface d’étanchéité extérieure de partie à
filetage mâle lorsque le raccord a été
composé ;
un filet femelle intérieur (23) formé sur la
périphérie intérieure de la partie à filetage
femelle pour correspondre au filet mâle in-
térieur, le filet femelle intérieur s’accouplant
avec le filet mâle intérieur lorsque le raccord
a été composé ;
un filet femelle extérieur (24) formé sur la
périphérie intérieure de la partie à filetage
femelle pour correspondre au filet mâle ex-
térieur, le filet femelle extérieur s’accou-
plant avec le filet mâle extérieur lorsque le
raccord a été composé ; et
une surface d’épaulement de partie à file-
tage femelle (25) formée sur la périphérie
intérieure de la partie à filetage femelle pour
correspondre à la surface d’épaulement de
partie à filetage mâle, la surface d’épaule-
ment de partie à filetage femelle étant en
contact avec la surface d’épaulement de
partie à filetage mâle lorsque le raccord a
été composé,
dans lequel le filet mâle intérieur (13) inclut
une première portion parallèle (131) située
à une portion d’extrémité du filet mâle inté-
rieur adjacente à la surface d’étanchéité in-
térieure de partie à filetage mâle, le premiè-
re portion parallèle incluant une pluralité de
fonds de filet (131a) parallèles à un axe de
tuyau de l’un tuyau d’acier sur une vue en
coupe transversale longitudinale de la par-
tie à filetage mâle, les fonds de filet ayant
le même diamètre,
le filet femelle intérieur (23) inclut une pre-
mière portion biaisée (231) faisant face à la
première portion parallèle (131) lorsque le
raccord a été composé, la première portion
biaisée ayant une hauteur de filet supérieu-
re à celle dans la première portion parallèle
et un diamètre de filet diminuant vers la sur-
face d’étanchéité intérieure de partie à file-
tage femelle,
la surface d’étanchéité intérieure de partie
à filetage mâle (11) a un diamètre maximum
supérieur à un diamètre minimum d’un som-
met de filet (231a) dans la première portion
biaisée, et
Da<Db est respecté, où Da est une diffé-
rence de diamètre entre des sommets de
filet adjacents (231a) dans la première por-
tion biaisée (231) en coupe transversale
longitudinale de la partie à filetage mâle et
de la partie à filetage femelle telles qu’elles
sont lorsque le raccord n’est pas composé,

et Db est une différence entre le diamètre
des fonds de filet (131a) dans la première
portion parallèle (131) et le diamètre maxi-
mum de la surface d’étanchéité intérieure
de partie à filetage mâle (11).

2. Raccord fileté selon la revendication 1, dans lequel
le filet femelle extérieur (24) inclut une seconde por-
tion parallèle (241) située à une portion d’extrémité
du filet femelle extérieur adjacente à la surface
d’étanchéité extérieure de partie à filetage femelle,
la seconde portion parallèle incluant une pluralité de
fonds de filet (241b) parallèles à un axe de tuyau de
l’autre tuyau d’acier sur une vue en coupe transver-
sale longitudinale de la partie à filetage femelle, les
fonds de filet ayant le même diamètre,
le filet mâle extérieur (14) inclut une seconde portion
biaisée (141) faisant face à la seconde portion pa-
rallèle (241) lorsque le raccord a été composé, la
seconde portion biaisée (141) ayant une hauteur de
filet inférieure à celle dans la seconde portion paral-
lèle (241) et un diamètre de filet augmentant vers la
surface d’étanchéité extérieure de partie à filetage
mâle,
la surface d’étanchéité extérieure de partie à filetage
femelle (22) a un diamètre minimum supérieur à un
diamètre maximum d’un sommet de filet (141b) dans
la seconde portion biaisée (141), et
Dc<Dd est respecté, où De est une différence de
diamètre entre des sommets de filet adjacents
(141b) dans la seconde portion biaisée (141) en cou-
pe transversale longitudinale de la partie à filetage
mâle et de la partie à filetage femelle telles qu’elles
sont lorsque le raccord n’est pas composé, et Dd est
une différence entre le diamètre des fonds de filet
(241b) dans la seconde portion parallèle (241) et le
diamètre minimum de la surface d’étanchéité exté-
rieure de partie à filetage femelle (22).
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